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ABSTRACT
Ketamine is an addictive drug that has been shown to inflict
considerable physical and mental damage on users. Due in
part to its low cost, ketamine has become one of the most popu-
lar club drugs among young adults and teenagers in Southeast
Asia. This paper proposes a phone-based support system (Ke-
Diary) with Bluetooth-enabled device for the screening of
saliva, as a means of assisting ketamine-dependent patients to
self-monitor their ketamine use following acute withdrawal
treatment. We also conducted a practical experiment to eval-
uate the feasibility of the proposed system, wherein three
ketamine-dependent patients self-administered tests at least
once per day over a period of three weeks. Follow-up inter-
views with the same users helped in the further refinement of
the proposed self-monitoring system.
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INTRODUCTION
The recreational use of ketamine has gained considerable popu-
larity in Southeast Asia and many other parts of the world [13],
due to its low cost and the lack of international control on the
ingredients used in ketamine production. One previous study
conducted in Taiwan reported that 47% of the urine samples
in a dance club tested positive for ketamine [21]. Ketamine
abuse can lead to severe physical and mental harm, including
kidney dysfunction, depression, and impaired memory [27,
29]. Among those treated, 40∼60% of patients experience
relapses after leaving rehabilitation centers [6].

Current treatment techniques for drug withdrawal can be bro-
ken down into two stages: (1) acute withdrawal and (2) follow-
up maintenance. Patients with serious drug dependency are

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from Permissions@acm.org.
CHI’16, May 07 - 12, 2016, San Jose, CA, USA
Copyright is held by the owner/author(s). Publication rights licensed to ACM.
ACM 978-1-4503-3362-7/16/05$15.00
DOI: http://dx.doi.org/10.1145/2858036.2858185

commonly required to enter a rehab center to stop using drugs.
During the follow-up maintenance program, patients intermit-
tently revisit the rehab center to receive follow-up outpatient
abstinence treatment to maintain abstinence in daily life.

After leaving rehab centers, psychiatrists will ask patients to
maintain abstinence during outpatient abstinence treatment.
Patients can self-manage their drug use behavior by partici-
pating in self-help support groups [15, 18], such as Narcotics
Anonymous (NA) [7], or through contact with experts and
individuals with similar experience, such as the online fo-
rums on Reddit [9]. However, many patients might still suffer
from mild withdrawal symptoms in the early phase of this
treatment stage and probably experience periods of relapse.
Therefore, patients are encouraged keep a drug diary [30];
however, they often fail to record their drug use. Without
complete and accurate data on the behavior of patients, psychi-
atrists are limited in the assistance they can provide. Previous
researchers have explored alternative methods for the detec-
tion of a drug use through the analysis of electrocardiogram
signals in a controlled environment [28] or while undergoing
physical activities, such as walking [20]. However, none of
these screening techniques have taken advantage of modern
smartphone technology to facilitate the implementation of sup-
port systems to assist patients in recovering from ketamine
addiction. We believe that a phone-based system could provide
recovery support whenever and wherever needed, while facil-
itating the provision of after-care treatment, reducing costs,
and improving the effectiveness of existing drug withdrawal
treatment.

From a chronic care perspective, the treatment regimens used
for addictive disorders and those of diabetes are quite similar
[25], due in a large part to the way that the stages of treatment
are arranged, i.e., initial acute inpatient treatment followed by
a maintenance program. Several phone-based support systems
have been developed to assist patients in controlling diabetes
[22], dealing with alcohol dependence [33], and quitting smok-
ing [17]. These studies have been highly instructional with
regard to the aspect of “cheating”, in which patients lie about
their level of compliance with the treatment requirements.
However, prolonged participation in continuing care [23, 24,
26] has seldom been addressed in the field of ketamine ad-
diction. In this study, we developed a phone-based support
system to facilitate the monitoring of ketamine use with a
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customized saliva-screening device wirelessly connected to
the patient’s smartphone. The primary target in this study was
treatment-seeking patients with a severe addiction to ketamine.

The contributions of this paper include a comprehensive out-
line of the design, implementation, and qualitative evaluation
of KeDiary self support system for ketamine addiction. Follow-
up interviews with the same users provide valuable data with
which to further refine the proposed self-monitoring system.

MAINTAIN ABSTINENCE IN DAILY LIFE
As with alcohol-dependent patients [33], those addicted to
ketamine are expected to revisit the hospital regularly for
follow-up maintenance programs following the completion
of acute withdrawal treatment. Tracking ketamine use when
patients revisit the rehab center requires that patients provide
either blood or urine samples. When taking urine tests at the
rehab center, patients are escorted into a lavatory and observed
by a police officer to ensure the integrity of the collected
urine samples. In contrast, urine tests conducted at home
are prone to falsification. Thus, we initially evaluated the
screening procedures by conducting half-hour surveys with
seven patients undergoing withdrawal treatment in a rehab
center. The sample included five males and two females with
an average age of 33.9 years (30∼37 years with a standard
deviation of 2.5 years). During half-hour semi-structured
interviews, several of the patients described how easy it was
to cheat when taking urine tests at home. One patient even
reported collecting urine samples from his five-year-old son.
Participants also described the process of taking urine tests
everyday as burdensome and tedious.

These observations suggest the need for a home-based self-
administered ketamine screening test that is difficult to falsify
but easy to use.

KEDIARY DESIGN & IMPLEMENTATION
The KeDiary system comprises a portable Bluetooth-enabled
saliva-screening device, a smartphone app, and a backend
server. These components are described in the following.

Saliva-Screening Device
Fig. 1(a) presents the proposed saliva-screening device and
a replaceable single-use test cassette. Compared to urine and
blood screening, saliva testing is fast and can be conducted
almost anywhere [16]. Patients simply spit saliva into a straw
on the saliva-screening device (Fig. 1(a)), which is a 3D
printed plastic box (5.1 cm × 10.3 cm × 5.7 cm). The saliva-
screening device contains a customized main board equipped
with a TI CC2541 microcontroller [12] and an off-the-shelf
serial camera module [4]. The microcontroller triggers the
camera module to capture images of the reaction zone of the
test strip. When the CC2541 microcontroller receives an image
from the camera, a Bluetooth Low Energy (BLE) radio is used
to transmit images to the patient’s smartphone. Three white
LEDs located between the camera and reaction zone are used
for illumination [10]. Before taking a test, patients simply clip
a single-use test cassette into the opening of a device. The
device is powered by a lithium-ion battery, which is recharged
approximately once a month using a TI BQ24040 charger [11]

Figure 1: (a) Saliva-screening device and main board. (b)
Replaceable test cassette and auxiliary board showing (c)

positive and (d) negative line patterns, which appear in the
reaction zone of the cassette.

via USB interface. Three single-color LEDs are mounted on
the main board to inform patients of the device status: green
(device is running), red (ready for screening), red blinking
(screening on-going), and yellow (charging).

Fig. 1(b) presents a single-use test cassette, which was fabri-
cated using a 3D printer. The test cassette includes a saliva test
strip (with a cutoff sensitivity of 50 ng/ml) [8] and an auxiliary
circuit board containing an Atmel AT24C01D EEPROM [1],
a micro USB connector, and two pairs of conductive pads.
The conductive pads on the ends of the strip detect the absorp-
tion of saliva. After the saliva enters the straw, it flows into
the front-end cotton wick of the strip through a small drain,
which causes a reduction in resistance between the front pair
of conductive pads, thereby indicating that the user has indeed
provided a sample. The eventual absorption of saliva by the
back-end cotton wick causes a drop in resistance between the
pair of rear pads, indicating that the saliva has propagated
through the reaction zone. After the saliva reacts with the
chemicals used to coat the strip for a given period of time, the
camera is triggered to take several images of the reaction zone.
Photos and saliva absorption readings are then sent back to the
smartphone for processing. To ensure the integrity of testing,
each cassette is assigned a unique ID stored in the EEPROM.

KeDiary Phone Application
The KeDiary system provides support functions to enable
the self-monitoring of ketamine use via saliva tests and then
provide a summary of the patient’s progress in maintaining
abstinence. By leveraging experience gained using a mo-
bile support system for alcoholics [33], KeDiary exploits the
same set of behavioral theories that help patients to develop
skills required to maintain abstinence. The KeDiary system is
based on self-efficacy theory [14], cognitive behavioral ther-
apy [32], and self-determination theory [19]. By performing
self-monitoring, patients show their determination to exert
control over their behavior and increase their self-efficacy [14,
19]. A review of the drug-use log enables users to recognize
which situations trigger their drug cravings to develop coping
strategies [32]. The app provides two functional modules: (1)
drug use detection and (2) progress visualization.
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Figure 2: Exemplar picture (a) taken by the phone application
while the user performs a saliva test and screenshots of the (b)

screening result page and (c) monthly visualization page.

Drug use detection: This module is used to screen for ke-
tamine excreted into saliva, which can typically be detected in
a saliva sample even one to two days after ingestion [8]. The
app reminds patients to perform at least one mandatory saliva
test each day to ensure that the ketamine is detected before
being metabolized in the liver.

The KeDiary system includes several mechanisms to prevent
cheating. Patients begin the screening test by inserting a new
cassette into the saliva-screening device. When the patient
presses the start button on the app, the phone automatically
connects to the screening device via Bluetooth and validates
the authenticity of the cassette. In cases of validation fail-
ure, such as when a used cassette is inserted, the patient is
requested to insert a new/unused cassette. To reinforce the
validity of testing, patients must present their faces as well as
the screening device to the camera on the phone (Fig. 2(a)), so
that the video recorded by the phone captures the whole saliva-
spitting action. This makes it possible to verify the identity of
the user through manually reviewing videos uploaded to the
server from the phone. After the saliva sample is provided,
the app waits ten minutes for the test strip to absorb the saliva,
during which time the patient can browse the coping skills
provided by an appointed psychiatrist.

Photos of the test strip are then sent to the app for conversion
into gray-scaled images. Dark lines in the reaction zone are
screened by the app to determine whether the test outcome
is negative (two lines as shown in Fig. 1(d)), positive (one
control line as shown in Fig. 1(c)), or invalid (no control line).
Fig. 2(b) shows the phone app notifying patients of the results,
which are also uploaded to a backend server. The accuracy
of the saliva screening device was tested in an experiment
involving the collection of 246 saliva samples (50 positives
and 196 negatives) from patients in a rehab center. Screening
accuracy was 93%, which is considered sufficient for the daily
screening of ketamine.

Progress visualization: Fig. 2(b) presents a visualization of
patient progress with regard to ketamine abstinence. Following
the completion of each saliva test, the phone app summarizes
the time and outcome of the test in a dashboard located at the

top of the screening result page. Patient abstinence can also
be presented in calendar view, as shown in Fig. 2(c).

Backend Server
The server also generates a summary of the patient’s absti-
nence performance and sends it to psychiatrists to enable con-
tinual monitoring. The server checks for milestone achieve-
ments and when detected, sends encouraging messages to the
patient’s phone.

PRELIMINARY FEASIBILITY STUDY
To collect patient feedback concerning KeDiary use, we con-
ducted a three-week study involving three ketamine-dependent
patients who had been interviewed in the earlier pilot study.
This study was approved by the Institutional Review Board of
Taipei City Hospital (IRB No.: TCHIRB-1040411).

Participants
The three participants were screened by psychiatrists using
explicit inclusion and exclusion criteria. All participants had
to meet the following: (1) met DSM-IV criteria of substance
use disorder [3], (2) completed abstinence, (3) used ketamine
as the main drug of abuse, and (4) were able to read and
provide informed consent. The sample included one male and
two females aged between 31 and 37 years, with an average
age of 34 years and a standard deviation of 3 years. After
explaining the goal of the study, the participants were asked to
provide informed consent. Each participant was reimbursed
approximately US$10 for each visit to compensate for travel
costs to and from the hospital for follow-up assessments. All
participants collected ground-truth ketamine use data using
the timeline follow-back (TLFB) method [5].

Each patient was provided a portable saliva-screening device,
which was paired to his/her smartphone. We also installed the
KeDiary phone app on their smartphones and asked partici-
pants to use them as their primary phones during the study.

Procedure
The experiment was conducted in three stages: (1) pre-study
medical assessment, (2) three-week real-world study with Ke-
Diary, and (3) post-study interviews. In the pre-study medical
assessment, we collected data related to baseline ketamine
consumption and compliance, which were measured using the
TLFB method based on follow-up medical reviews, obtained
from participants’ self-reports. Patients attended a 30-minute
training session to learn how to use the app and screening
device.

Patients were expected to attend weekly medical reviews at
the rehab center to enable the collection of ground-truth data
and answer any questions related to the use of KeDiary. In
cases where patients failed to attend the scheduled medical
reviews, follow-up phone calls were used to arrange further
appointments. A maximum of three contact attempts were
made to ensure the retention of each patient. All three par-
ticipants attended the post-study interviews. Audio recorders
were set up to record one-hour semi-structured interviews ad-
dressing the daily use of the application, their opinions of the
support functions, and notable behavioral changes following
their experience with KeDiary.
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Self-monitoring Adherence
To evaluate the monitoring adherence, we defined the com-
pletion rate as the percentage of days during the study period
in which participants completed at least one saliva screening
test. The average completion rate was 81%, with only minor
fluctuations over the three-week period. Patient P1 exhibited
the poorest adherence and missed sampling sessions one day
during the study. That patient attributed this lapse to a mix
up between two smartphones, which resulted in the patient’s
missing several reminders. Patients P2 and P3 did not miss
any screening tests and achieved 100% completion rates.

Findings
The data used in qualitative analysis were retrieved from audio
recordings obtained during interviews after being transcribed
manually. Each transcript underwent iterative coding indepen-
dently by three experienced researchers. We focused on codes
with a reasonable degree of agreement among different coders
to identify major themes based on thematic analysis [31]. The
three salient themes identified in this open coding process are
described as follows.

Exploring the screening device’s sensing capability & limit
Patients sought to identify the factors that could affect the
testing of saliva samples. For example, P3 was afraid that
what she ate or drank prior to the test could affect the results.

“Yesterday, I performed two tests: one before and one after
dinner. [...] I wanted to make sure the food intake wouldn’t
change my saliva and make me fail the test. After this experi-
ment, I figured it’s fine to eat before testing.” — (P3)

P1 explored the sensing limit of the device by reducing her
ketamine dose in order to pass the test.

“I was surprised ... that the saliva-screening device actually
detected my ketamine use. I thought the system wouldn’t be
able to detect it since I reduced the dose, and smoked (not
snorted) only a little. But it did detect it!” — (P1)

Strong reaction to positive screening results and demand a

channel to explain
All three patients had been in and out of rehab centers. Each
withdrawal session involved considerable time and effort;
therefore, they reacted strongly when the screening results
were positive, claiming that the device was reporting “false
positives”. Positive results were interpreted as a personal
insults and the patients sought to rectify them immediately.

“I could not accept positive results when I was not using ke-
tamine. [...] Or, I’ll take a photo of the strip and send you the
photo to show you that there were obviously two lines on the
strip (i.e., negative line pattern).” — (P3)

Occasionally, the patients sought to defend themselves by
reporting stories of circumstances beyond their control. The
patients commented that the phone app ought to include a
channel by which to provide a legitimate explanation in order
to reverse positive screening test results.

“I think the saliva-screening device was confused by the anes-
thetic applied by my dentist, when I had a tooth extracted

earlier in the afternoon. The dentist applied a lot of anesthetic.
I swear that I did not use ketamine.” — (P2)

This channel could help the patients to save face in this em-
barrassing situation. Without a channel to explain their side,
patients may consider quitting the program altogether.

Protection of patient privacy
In many Asian countries, ketamine (the drug) use is socially
unacceptable and illegal; therefore, patients expressed a strong
need to protect their privacy. This is particularly true when
patients have yet to tell their family members or friends of
their addiction to ketamine. They want to make sure that the
use of KeDiary on their phone will not reveal their history of
drug use.

“Is the uploaded data secure? I cannot allow any of my friends
or family members to open the app and see my phone records.
[...] I don’t want them to know I am participating in this study.”
— (P1)

Patients who already told friends and/or family members about
their ketamine addiction were willing to share negative screen-
ing results; however, they remained adamant about concealing
positive results, which they claim should be shared only with
trusted professionals, e.g., psychiatrists and researchers.

“I am less concerned that my friends might use my phone and
stumble on the app. The one exception is my boyfriend’s family
members. All they know is that I have been diagnosed with a
depressive disorder. [...] I cannot allow anyone (not even my
mom) to know about my positive results. I might be willing to
tell you (i.e., a researcher) or my psychiatrist, as long as you
don’t tell my mom.” — (P3)

The name of the app and the icon used to open it should not
reveal any connection to drug addiction. The app should also
include a password to restrict unauthorized access.

CONCLUSION
This study presents a phone-based support system to enable
the self-monitoring of ketamine use by recovering patients
after returning to everyday life. A three-week study including
three ketamine-dependent patients revealed three main find-
ings: (1) Patients explored the sensing capability and limits
of the screening device; (2) Patients reacted strongly to pos-
itive screening results and demanded a channel by which to
present explanations; and (3) patients expressed a strong need
to protect their privacy with regard to their addiction and app
use. These findings are valuable in guiding the future design
of support systems for this user population.

The KeDiary system has a number of limitations in its current
form. First, to gain experience in the development of a support
system for drug-addicted patients, we targeted a schedule
III drug (ketamine) [2] with a moderate to low potential for
physical and psychological dependence as our initial target
drug. Nonetheless, we believe that this system could easily be
extended to the screening of other drugs simply by changing
the saliva test strips in the cassette. Second, we recruited only
three patients for our evaluation. Future studies should test
KeDiary using a larger sample size.
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