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Abstract
Syphilis among men who have sex with men (MSM) has increased greatly in the past twenty years in the U.S. Geographically 
explicit ecological momentary assessment (GEMA), in which behaviors are geotagged and contextualized in time and space, 
may contribute to a greater understanding of transmission risk. The objective was to determine the acceptability and feasibility 
of GEMA for assessing HIV and syphilis transmission risk behaviors among a sample of MSM. Participants responded to a 
brief survey five times a day for two weeks. Feasibility was measured by participant recruitment, enrollment, prompts received 
and answered, geotagged prompts, and technical interference with data collection. Acceptability was measured by ratings of 
enjoyment and willingness for future participation. Summaries of five behavioral measures from the brief survey were cal-
culated. Among the 83 participants contacted, 67.5% (56) expressed interest, 98% (55) were scheduled, and 81.8% (45) were 
enrolled. Participants answered 78.3% (2,277) of prompts received and 87.7% (1,998) of answered prompts were geotagged. 
Overall, 70.5% (31) enjoyed participating and 91.1% (41) were willing to participate in the future. Among prompts answered, 
missingness was low for five behavioral measures (range 0.2% (4) to 0.7% (16)). Feasibility and acceptability were high and 
missingness was low on behavioral measures in this MSM study population. Most participants reported that they would par-
ticipate again. Future work should focus on whether GEMA improves our understanding of syphilis and HIV transmission risk.

Keywords mHealth · Men who have sex with men (MSM) · Geographically explicit ecological momentary assessment 
(GEMA) · Syphilis · HIV

Introduction

Syphilis among gay, bisexual and other men who have sex 
with men (MSM) has increased greatly in the United States 
(U.S.) over the past twenty years (Centers for Disease Control 

and Prevention [CDC], 2019). Primary and secondary syphi-
lis rates have increased almost every year since 2001, and in 
2019, 56.7% of cases were among MSM (CDC, 2020, 2021). 
Reported cases of syphilis continue to be characterized by 
a high rate of HIV co-infection, particularly among MSM 
(CDC, 2019). While data suggest that multiple factors may 
be contributing to the syphilis and HIV co-infection epidemic 
among MSM, a handful of studies suggest that drug use and 
specifically stimulant use, such as methamphetamine use, 
in combination with sex may be a significant contributing 
factor (Drückler et al., 2018; Landovitz et al., 2013; Bourne 
et al., 2018; Race, 2015; Chew et al., 2013; Klitzman et al., 
2000; Stall & Purcell, 2000; Waldo et al., 2000; Jennings 
et al., 2021).

One limitation of current prevention and control efforts 
may be related to the data collection methods utilized to 
understand behaviors such as substance use. For example, 
standard data collection techniques rely on retrospective 
recall periods of three-, six- or twelve-month time periods. 
The retrospective nature and length of recall time may lead to 
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recall bias and be mismatched to sexual behavior, substance 
use, and other transmission risk behaviors which may vary 
more frequently, such as on an hourly, daily, or weekly basis 
(Wray et al., 2016). In addition, standard techniques may be 
limited in their ability to collect accurate data on behaviors, 
which may be influenced by context.

Real-time assessment tools defined as intensive longitu-
dinal methods (ILM), including daily diary, event-based and 
ecological momentary assessments (EMA), may represent 
a significant improvement in the measurement of behaviors 
related to transmission risk. Traditional measurement meth-
ods are often limited by single measurements in time or few 
repeated measurements were taken over long-time intervals, 
whereas, ILM measurements increase the frequency of meas-
urements often in a short period of time allowing for the 
measurement of thoughts, feelings, and behavior in their nat-
ural, spontaneous contexts (Bolger & Laurenceau, 2013; Fra-
ley & Hudson, 2014). Geographically explicit EMA (GEMA) 
is one type of ILM data collection method that ‘accompanies’ 
participants by capturing geolocation data and providing fre-
quent survey prompts as a participant moves through time 
and space. GEMA may be useful to measure behaviors in 
real-time that are likely fluid, dynamic, and vary by context 
(Duncan et al., 2019; McQuoid et al., 2019; Shiffman et al., 
2008; Wray, 2016). For example, the use of GEMA may lend 
insight to variability in sexual and substance use behaviors 
and the motivations behind the behaviors, as well as how 
these behaviors may vary within the context of specific rela-
tionships (e.g. casual, anonymous, main) and specific settings 
(i.e. sex partner meeting places) (Jones, 2019; Turner et al., 
2017; Alabduljader et al., 2018; Richard et al., 2017).

While there have been studies suggesting high acceptability 
and feasibility of similar methods to GEMA, these studies did 
not assess the feasibility of capturing geographic information to 
inform behavior in context (Turner et al., 2017; Hubach et al., 
2020; Wray, 2016). Given the high burden of infection, the 
complexity of assessment of behaviors in time and space, and 
the limitations in prior studies to-date, the objective was to 
determine the acceptability and feasibility of GEMA for assess-
ing HIV and syphilis transmission risk behaviors among a sam-
ple of MSM. The overall goal of this research is to improve the 
assessment of dynamic factors and contexts contributing to HIV 
and STI transmission risk behaviors among MSM.

Methods

Overview

This pilot study was nested within a parent study, the Under-
standing Sexual Health in Networks (USHINE) study, which 
is an ongoing longitudinal cohort of MSM designed to inform 
the network epidemiology of syphilis transmission. The 

parent study and pilot were approved by the Johns Hopkins 
School of Medicine IRB.

Participants in the parent study were recruited from three 
clinical sites, including one primary care site and two public 
sexual health clinics, and one community-based organization 
in one mid-Atlantic city, Baltimore City, Maryland. Individu-
als were eligible to participate if they reported male sex at 
birth, current male gender, age 18–45, sex with a man in the 
past six months, residence in Baltimore City, and were willing 
and able to give informed consent for the study. The parent 
study involves a baseline visit and quarterly follow-up visits 
for up to two years and includes a survey as well as biologi-
cal testing for syphilis and HIV at each study visit. Syphilis 
positivity for this study was defined as a rapid plasma reagin 
(RPR) titer greater than 1:8. HIV positivity was defined as 
a positive HIV rapid test with ELISA confirmation and/or 
medical record documentation of a prior positive HIV diag-
nosis at any study visit.

The pilot study was conducted from January 15, 2020 to 
March 23, 2020. Pilot study participants were eligible for the 
pilot if they consented for recontact for additional research at 
enrollment, reported going to at least one sex partner meeting 
place (i.e., venue), and had documentation of HIV and syphi-
lis status. From this pool of eligibles, potential participants 
were randomly selected for participation from four groups 
based on syphilis and HIV infection status in the parent study 
(i.e., syphilis positive and HIV negative, syphilis positive and 
HIV positive, syphilis negative and HIV positive, syphilis 
negative and HIV negative).

The selection process ensured an adequate sample in 
each group, such as in the syphilis positive and HIV-nega-
tive group, in order to allow for future exploratory analyzes 
comparing these groups.

Data Collection

Data were collected through two main methods. The first was 
a GEMA application which included programed prompts to 
respond to a brief survey (Epstein et al., 2009, 2014). The sec-
ond was an exit survey developed using REDCap (Research 
electronic data capture), an electronic data capture tool to 
support clinical and translational research (Harris et al., 
2009). The brief survey included 16–32 questions depend-
ing on which behaviors were reported, and the exit survey 
included 22 questions.

Procedures

After providing informed consent and agreeing to participate in 
the pilot study, participants were asked for their waking hours to 
allow for the programming of prompts five times a day (every 
3–4 h) for 14 days within self-reported waking hours. Each 
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participant was then given a Samsung A20 Galaxy cell phone, 
and participants were prompted to respond to each brief sur-
vey. Participants were informed that each assessment would 
take five to ten minutes. To minimize technical issues experi-
enced during the study, research assistants conducted a brief 
training session including a practice trial on the mobile device 
and general tips for successful completion of the protocol. 
Participants were encouraged to text or call research staff if 
they encountered any issues or had any questions. Participants 
received remuneration for completing at least 80% of GEMA 
prompts received each week during the two-week protocol and 
for returning the mobile device upon study completion. Partici-
pants were informed at enrollment that failure to comply with 
the study protocol could impact their payment.

Measures

Measures to describe study participants were obtained from 
the parent study baseline survey including age, race, ethnicity, 
education, employment, and sexual and substance risk behav-
iors in the past three months.

Self-reported measures adapted from existing measures 
were utilized to assess GEMA acceptability and feasibility 
(Burke et al., 2017; Duncan et al., 2019; Hubach et al., 2020; 
Yang et al., 2015), and data are presented for feasibility overall 
and by week to assess whether interest waned over time. Fea-
sibility was measured by participant recruitment and enroll-
ment and the number and proportion of received, answered, 
and geotagged prompts overall and by week. Prompts were not 
received if the participant’s phone was not on, the participant 
did not have service, or if there were other technical issues with 
the GEMA application. Received prompts were automatically 
logged by the GEMA application. Geolocation data included 
latitude, longitude, and altitude and was captured every fifteen 
minutes and at every brief survey prompt. Feasibility measures 
also included the number and proportion of participants who 
experienced technical issues and the degree to which technical 
issues impacted data collection.

Acceptability was measured by self-reports of study enjoy-
ment and willingness for future participation, in an exit sur-
vey provided to participants when they returned their phones. 
Acceptability was also measured by whether participants 
thought the surveys were too long, random prompts were an 
interruption to daily activities and/or too frequent, carrying the 
phone was too burdensome, and whether they were interested 
in participating again in the future. Exit survey questions meas-
uring acceptability and feasibility were asked with a 5-point 
Likert scale ranging from Strongly Agree to Strongly Disagree, 
except for one Yes/No question and a corresponding free text 
option to describe any technical issues experienced during the 
2-week protocol.

Because feasibility and acceptability may have been 
impacted by the type of questions and length of the brief survey, 

and ultimately, the goal is to capture real-time behaviors in 
context, five selected behavioral measures from the brief sur-
vey are provided on sexual behavior, substance use, mood and 
emotion, activities since last entry and use of online apps. Each 
measured behaviors since last entry and offered multiple-choice 
response options including “other” followed by a free text 
response option. The multiple-choice response options were 
informed by the most frequent responses to similar questions on 
the parent survey and were allowed participants to “Check all 
that apply” when applicable. In addition, at the end of the exit 
survey, one free text response option was included, “Please let 
us know if there is any other information about your experience 
that you would like to share with us.”

Statistical Testing

Basic characteristics of enrolled versus not enrolled participants 
were compared using chi-square and Mood’s median test for 
continuous variables with a non-normal distribution (Mood, 
1954). Summary statistics were generated to measure feasibility 
overall and by each week, acceptability, and the five brief sur-
vey measures. Analyzes were performed using Stata version 15 
(Stata Corp., College Station, Texas) and statistical significance 
was defined as a p-value < .05. We did not have hypotheses 
regarding differences by infection group, and therefore, we did 
not conduct statistical testing by the group.

Results

Study Population

Among USHINE participants, 279 were eligible for the pilot 
study including 6.1% (17) who were syphilis positive and HIV 
negative, 10.3% (29) who were syphilis positive and HIV posi-
tive, 29.7% (83) who were syphilis negative and HIV positive, 
and 53.9% (150) who were syphilis negative and HIV nega-
tive. Within each infection group, approximately 20 partici-
pants were randomly selected to participate with the goal of 
ultimately enrolling approximately ten to eleven participants 
in each group. Eighty-three participants were contacted to par-
ticipate in the pilot and among these, 67.5% (56) expressed 
interest, 32.5% (27) did not respond to study staff, and 5.4% 
(3) declined to participate, citing the burden of the study dur-
ing work hours or insufficient payment. Among the 56 who 
expressed interest, 98% (55) were scheduled, of whom 81.8% 
(45) were enrolled. The median number of contact attempts 
made by study staff to schedule a participant enrollment visit 
was one (IQR:1). Individuals who were contacted but did not 
enroll did not differ significantly by characteristics included in 
Table 1 from those who did enroll.

Among the 45 enrolled, the mean age was 29.7 (SD: 5.59), 
86.7% (39) were Black and 4.4% (2) were Latinx (Table 1). 
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Nearly 47% (21) had above a high school education and 46.7% 
(21) were employed full-time. In the past three months, the 
median number of sex partners was 3 (IQR: 3), and the median 
number of receptive anal sex acts was 5 (IQR: 12.0). Fifty-one 

percent (19) of participants reported using a condom at last sex. 
A total of 26.7% (12) reported non-injection drug use and 6.7% 
(3) reported injection drug use in the past three months. As a 
result of the sampling from infection groups, 26.7% (12) were 
syphilis positive and HIV positive, 26.7% (12) were syphilis 
positive and HIV negative, 22.2% (10) were syphilis negative 
and HIV positive, and 24.4% (11) were syphilis negative and 
HIV negative.

Feasibility Assessment

A total of 45 participants were enrolled for the pilot study and 
91.1% (41) completed the full protocol. Nine percent (4) were 
unable to complete the full protocol including one participant 
who reported unforeseen personal circumstances, one who was 
overburdened by technical issues with the phones and survey 
responses, and two who reported that their phone was stolen.

Assuming all 45 participants would complete the full proto-
col over the two-week pilot study, 3,150 (1,575 prompts each 
week) were scheduled to be sent to participant mobile devices 
(Table 2). In total, 92.3% of prompts (2,909) were successfully 
received. More prompts were received during week one 99.5% 
(1568) compared to week two 85.1% (1341) (p-value < .001). 
Participants answered 78.3% (2,277) of prompts received over-
all. A similar proportion of prompts were answered in week one 
77.2% (1,210) and in week two 79.6% (1,067) (p-value = .118). 
Among the 2,277 answered prompts, 87.7% (1,998) had asso-
ciated GPS data. The same percentage of prompts had associ-
ated GPS data during week one compared to week two [87.7% 
(1061), 87.8% (937), respectively, p-value = .925] (Table 2). 
From the geotagged data that was captured every 15 min, an 
additional 44,829 GPS points were captured outside of prompts.

Fifty-six percent (25) of participants indicated on their exit 
survey that they experienced technical difficulties and 84.0% 
(21) reported the issue to the research assistant during the 
two-week pilot (Table 3). The most common issue reported 
by 16.7% (7) participants was being unable to open the survey 
on the mobile device when they were prompted. Additionally, 
9.5% (4) reported not receiving scheduled survey prompts, 

Table 1  Characteristics of participants enrolled (N = 45) in the two-
week GEMA pilot study, Baltimore City, January 21, 2020 to March 
23, 2020

a  Non-injection drug use defined as self-reported consumption (sniff, 
snort, and inhale) of heroin, cocaine, methamphetamines, marijuana, 
and/or other drugs not prescribed by a health care provider, within the 
last three months
b  Injection drug use defined as self-reported injection of heroin, 
cocaine, methamphetamines, and/or other drugs not prescribed by a 
health care provider, within the last three months
c  Syphilis positivity was defined as a rapid plasma reagin (RPR) titer 
greater than 1:8 and HIV positivity was defined as a positive HIV 
rapid test with ELISA confirmation and/or medical record documen-
tation of a prior positive HIV diagnosis at any study visit

Characteristics Enrolled N = 45

Demographics
Age, mean (SD) 29.7 (5.59)

N (%)
Race, Black 39 (86.7)
Ethnicity, Latinx 2 (4.4)
Education, > high school education 21(46.7)
Employment, full-time 21(46.7)
Sexual and substance risk behaviors, past 3 months
Number of sex partners, median (IQR) 3 (3)

N (%)
Condom use, last sex 19 (51.3)
Number of receptive anal sex acts, median (IQR) 5 (12)
Non-injection drug  usea 12 (26.7)
Injection drug  useb 3 (6.7)
Syphilis/HIV infection statusc

Syphilis positive HIV positive 12 (26.7)
Syphilis positive, HIV negative 12 (26.7)
Syphilis negative, HIV positive 10 (22.2)
Syphilis negative, HIV negative 11 (24.4)

Table 2  Feasibility measured by the number and  percentagea of received, answered, and geotagged  promptsb by participants (N = 45) overall and 
by week in the two-week GEMA pilot study, Baltimore City, January 21, 2020 to March 23, 2020

Bold indicates p-value < .05
a  Percentages defined as the count within the column over the preceding column denominator
b  Geotagged prompts defined as prompts that were answered by a participant and had a GPS data point associated with the prompt

Scheduled prompts N Prompts received N (%) Prompts answered N (%) Geotagged Prompts** N (%)

Overall 3150 2909 (92.3) 2277 (78.3) 1998 (87.7)
Week 1 1575 1568 (99.5) 1210 (77.2) 1061 (87.7)
Week 2 1575 1341 (85.1) 1067 (79.6) 937 (87.8)
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and 7.1% (3) reported that mobile device prompt notifica-
tions (ringing, vibrating) continued during and after the sur-
vey was already completed. These issues were documented 
by study staff and staff worked with participants to remedy 
the issues. Despite technical difficulties, participants report-
ing vs. not reporting technical issues received a similar pro-
portion of prompts (91.7% (1605) vs. 93.1% (1304), p = .89) 
and answered a similar proportion of prompts (75.6% (1220) 
vs. 81.1% (1057), p = .24), respectively. Phones were returned 
after a median of one day (IQR = 4) after data collection was 
complete.

Acceptability Assessment

One hundred percent (45) of participants completed the exit 
survey. Seventy-one percent (31) of participants enjoyed par-
ticipating in the study (Table 3). Among those experiencing 
technical issues (25), 76.0% (19) enjoyed study participation 
despite the technical difficulties. Overall, 66.7% (30) disagreed 
with the statement that the “Questionnaires were too long.” 
Forty percent (18) disagreed with the statement that the “Ran-
dom prompts were an interruption to my daily activities,” and 
48.9% (22) disagreed with the statement that the “Random 
prompts were too frequent.” Sixty-four percent (29) disagreed 
with the statement that “Carrying the phone was burdensome 
for me,” and 91.1% (41) wanted to participate again in the 
future. Twenty-two percent (10) of participants provided free 
text responses in the exit survey. Five participants expressed 
that the study was interesting, informative, a good experience, 
and/or that they would enjoy participating again, including one 
who also reported that the questions helped them reflect on their 
use of online sex partner meeting venues and drugs that they 
used on a weekly basis. Two participants reported frustration 
with receiving erroneous brief survey prompt notifications dur-
ing and immediately after completing the survey, and another 
suggested adding a “snooze” button to silence notifications sent 
during driving or in transit. One participant expressed their 

preference to have the application downloaded on their own 
mobile device (vs. the study mobile device). Another partici-
pant felt the survey questions needed to be modified to capture 
more useful information and another felt that the results may 
not reflect “normal” circumstances since the study only took 
place over a two-week period.

Among prompts received and answered (2277), missingness 
across the five selected behavioral measures was low including 
0.2% (4) for activity, 0.6% (13) for sexual behavior, 0.7% (16) 
for substance use, 0.4% (10) for mood/emotion, and 0.6% (13) 
for online app use. Since last entry (i.e., three to four hours 
prior), participants reported being intimate or having sex in 
2.9% (65) of prompts and having had oral sex in 3.8% (86) 
of prompts (Table 4). For substance use, participants reported 
marijuana use in 18.7% (422) of prompts and methampheta-
mine use in 2.0% (46) of prompts. Participants reported being 
horny, aroused and/or excited in 6.6% (150) of prompts and 
intoxicated, drunk and/or high in 4.5% (102) of prompts. The 
most frequently reported online app usage since last entry 
included Facebook [25.6% (579)], Instagram [19.1% (432)], 
and Grindr [11.8% (268)] (Table 4).

Discussion

Syphilis continues to infect MSM at a significantly higher rate 
than other populations, suggesting a critical need to address 
this public health crisis with innovative methods (CDC Surveil-
lance Report, 2019). This pilot study sought to determine the 
feasibility and acceptability of the use of GEMA among MSM. 
This method allows for intensive data collection which may 
have the potential to provide detailed information on sexual and 
drug behaviors in time and space and yield new interventions.

Overall, there was a high willingness to participate in a 
GEMA among this study population of urban and predomi-
nantly Black MSM. Participants answered the majority of 
prompts received and the majority of answered prompts were 

Table 3  Self-reported 
participant feasibility and 
acceptability responses in the 
exit survey upon completion 
of the two-week GEMA pilot 
study, Baltimore City, January 
21, 2020 to March 23, 2020 
(N = 45)

N (%) N (%) N (%)

Feasibility Yes No Refused to Answer
Experienced technical issues 25 (59.5) 16 (38.1) 1 (2.4)
Acceptability Agree Neutral Disagree
Enjoyed study participation 31 (70.5) 6 (13.6) 7 (15.9)
Among those that experienced technical issues (n = 25), 

enjoyed study participation despite technical difficulties
19 (76.0) 4 (16.0) 2 (8.0)

Questionnaires were too long 3 (6.7) 12 (26.7) 30 (66.7)
Random prompts were an interruption in my daily activities 17 (37.8) 10 (22.2) 18 (40.0)
Random prompts were too frequent 13 (28.9) 10 (22.2) 22 (48.9)
Carrying the phone was burdensome for me 9 (20.0) 7 (15.6) 29 (64.4)

Yes No Refused to Answer
Would you like to participate again in the future? 41 (91.1) 1 (2.2) 3 (6.7)
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geotagged during the two-week period. The proportion of 
answered prompts (78%) was slightly higher than the response 
rate to daily surveys (74%) shown in previous studies of EMA 
among MSM (Turner et al., 2017; Yang et al., 2015). The over-
whelming majority of participants said that they would partici-
pate again in the future and most indicated that they enjoyed 
participating in the study. While just over half reported techni-
cal issues during the study, there were no differences in the 
proportion of prompts received and answered among those 
experiencing versus not experiencing technical difficulties. 
Most participants thought the number of prompts was accept-
able and did not find that prompts were an interruption to daily 
activities. Among the selected measures, the completion rate 
for each question was high, demonstrating the feasibility and 
acceptability of this mode of collection of information related to 
sexual and drug behaviors, mood and emotion, activities since 
last entry, and use of online apps.

While emerging research has used GPS and EMA methods 
separately among MSM, less is known about the acceptability 
and feasibility of combining these methods and specifically 
about whether participants would be willing to have their 
survey data accompanied by geotagged information (Duncan 
et al., 2017, 2019; Hubach et al., 2020; Turner et al., 2017). 
Studies also suggest that participants may be more likely 
to share information about socially sensitive behaviors like 
substance use and sexual behaviors via electronic modalities 
(i.e., mHealth) like the one utilized in this pilot (Bonar et al., 
2018; Duncan et al., 2019) compared to traditional data col-
lection techniques. In other study protocols utilizing mHealth 
technology interventions in substance use and HIV-related 
research, participants did not have significant privacy con-
cerns with sharing sensitive information and reported benefits 
from mHealth interventions including convenience, comfort 
discussing sensitive topics, and privacy (Bonar et al., 2018).

GEMA may have a greater potential to evaluate highly 
intensive behaviors, like online application use among MSM. 
Real-time geographic location tracking with corresponding 
EMA data provides an opportunity to capture nuanced spa-
tial–temporal links between behavior and context among 
MSM, data that is frequently lost in retrospective assessment 
(Duncan et al., 2019; Shiffman et al., 2008; Wray, 2016). 
High acceptability for assessing these behaviors in conjunc-
tion with tracking geographic location will continue to be 
increasingly important as online apps and mHealth preven-
tion and intervention technologies become more widely used.

There were several limitations to this pilot study. First, 
additional research will need to determine how meaningful 
variability in sexual and substance use behaviors captured 
by high-density, real-time assessments compare with more 
traditional and longer time frame methods. While accept-
ability was generally high, we did not specifically assess the 

Table 4  Selected participant behaviors reported since last prompt (i.e. 
three to four hours) during the two-week GEMA pilot study, Balti-
more City, January 21, 2020 to March 23, 2020 (participant N = 45, 
prompts N = 2,277)

All questions were “Check all that apply”, creating total numbers of 
behavioral responses larger than the total numbers of prompts
a  Some other type of sex defined any item with < 2% in responses 
including group sex and vaginal sex and other
b  Other defined any item with < 2% in responses including prescrip-
tion erectile dysfunction, ecstasy, PCP, crack/cocaine, heroin, pop-
pers, and other
c  Other defined as any item with < 2% in responses including Tinder, 
Scruff, Tumblr, Kik and other

Behaviors since last prompt (i.e. 3–4 h prior) N %

Sexual Behavior (N = 2411)
Masturbated 196 8.7
Oral 86 3.8
Anal 69 3.1
Sexted 58 2.6
Some other type of  sexa 30 1.3
None of the above 1963 86.7
Substance Use (N = 2420)
Marijuana 422 18.7
Alcohol 131 5.8
Methamphetamines 46 2.0
Prescription pain killers 45 2.0
Otherb 31 1.4
I haven’t used any drugs 1707 75.5
Mood and Emotion (N = 2955)
Relaxed/content/at ease 1107 48.8
Hungry/tired/worn out 799 35.2
Horny/aroused/excited 150 6.6
Angry/anxious/upset 142 6.3
Intoxicated/drunk/high 102 4.5
Other 655 28.9
Activities (N = 2769)
Working 655 28.8
Socializing 483 21.3
Talking online/browsing social media 369 16.2
Making plans to go out 116 5.1
Being intimate or having sex 65 2.9
Other 1081 47.6
Sex partner meeting venues (N = 3058)
Facebook 579 25.6
Instagram 432 19.1
Grindr 268 11.8
Jack’d 109 4.8
Tagged 107 4.7
Adam4Adam 92 4.1
Otherc 143 6.3
I haven’t been online 1267 56.0
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acceptability of GPS data collection. As part of the enroll-
ment process, we made sure to explain to participants that 
location and other information would be collected and uti-
lized solely for the purposes of this study. Although the cur-
rent study enrolled more participants than many existing 
EMA and GEMA protocols with MSM, future work includ-
ing larger sample sizes is needed to increase the generaliz-
ability of these results. Lastly, just under one third of partici-
pants contacted for the pilot did not respond. Many of the 
non-respondents, however, had already missed several parent 
study visits, suggesting they may have been lost to follow-up 
in the parent study instead of explicitly disinterested in par-
ticipation in the pilot study, and those that were enrolled were 
not different on basic characteristics than those not enrolled.

Despite these limitations, participant enjoyment and 
engagement in the study demonstrated that this method is 
acceptable and feasible among MSM and may be an impor-
tant tool to assess sexual and drug behavior in time and space. 
Given the overall high approval of the protocol and low miss-
ingness of responses to behavioral questions, GEMA pre-
sents an alternative to traditional retrospective assessment 
methods and may provide context to decisions that lead up 
to, take place during, and occur after a sexual encounter. 
This type of information is crucial for designing effective 
disease prevention and transmission interventions, especially 
for populations experiencing high rates of diseases such as 
syphilis and HIV among MSM. Future investigations should 
build on the current findings of acceptability and feasibility to 
develop just-in-time adaptive interventions (JITAI) that aim 
to provide individualized support to MSM and other under-
served populations (Chaix, 2020; Nahum-Shani et al., 2018).
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