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Abstract. We designed, developed, and evaluated a novel system, QuantifyMe, for novice self-experimenters to conduct proper-methodology
single-case self-experiments in an automated and scientific manner using
their smartphones. In this work we evaluate its use with four different
kinds of personalized investigations, examining how variables such as
sleep duration and regularity, activity, and leisure time affect personal
happiness, stress, productivity, and sleep efficiency. We describe lessons
learned developing the system, and recommendations for its improvement, as well as its potential for enabling personalized insights to be
scientifically evaluated in many individuals.
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1 Introduction
Mobile devices today have become nearly ubiquitous full-time extensions of an
individual, enabling unprecedented data collection through a combination of mobile and wearable sensors. The collected data can provide an individual with a
unique opportunity to determine behavioral patterns and habits about themselves [7]. A common way for individuals to use these data is to compare the
logged values of a variable of interest with its recommended values (e.g., sleep,
physical activity, and calorie intake), and then adjust daily behavior accordingly.
However, these recommendations made by agencies like Center for Disease Control, are averages and ideal values may vary significantly in individuals. Although
average values are useful, they do not provide the personalized insights that are
best suited for an individual to make optimal behavioral choices.
Our system, QuantifyMe, creates a framework that allows people to find
their personal optimal behavioral variables (e.g., bed time or physical activity)
to achieve their goals (e.g., productivity or happiness) based on evidence-based
experimentation. This is done through a single-case experiment design methodology — a methodology that allows for comparison within an individual instead
of between groups. In achieving these aims we are closer to including the general
public in dramatically scaling and personalizing the study of daily behaviors.
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2 Related Work
2.1 Quantified Self
Mobile applications and wearable sensors have enabled individuals to collect
personal real-time behavioral and physiological data such as physical activity,
sleep [10], and diet [11] and use these data to infer their daily activity patterns. This also allows for self-experimentation to make better choices related
to their lifestyle, health, and productivity goals. However, using these data to
understand optimal values of variables and causal relationships in behaviors like
sleep, physical activity, and caloric intake often lacks scientific rigor [3]. Recent
mobile applications have provided great tools supporting more systematic and
personalized self-experimentation [8, 5, 13, 14]. However, many of these tools
do not provide a structured methodology to aid non-scientist quantified selfers,
and/or they have not been validated on usability and effectiveness.
2.2 Single-Case Experimental Design
Randomized Control Trials (RCTs) are considered a gold standard in determining whether a causal relationship exists between a specific intervention and observed outcome [16]. However, traditional RCTs operate only across groups, and
are unable to provide individual insights [1]. First proposed by Neuringer [17],
single-case experimental design provides a methodology that allows researchers
to evaluate the effectiveness of an intervention on an individual. An individual
serves as his or her own control and is subjected to different experimental conditions at different time periods [1, 15]. This contrasts with a group-based design
in which outcomes are compared between groups, with each group receiving a
specific experimental condition.

3 Survey Study for Understanding Users’ Interest in
self-experimentation
Before developing our smartphone app and system, we conducted an online survey study to gauge users’ interest in self experimentation and to find which of
32 self-experiments they are interested in. The possible independent variables
of these proposed experiments (happiness, stress, productivity, sleep efficiency)
were chosen from common indicators of wellbeing. The possible output variables
(active time, steps, sleep duration, bed time, meditation duration, outdoor time,
fun time, attending a religious service) were chosen based on the ability to be
measured with the Jawbone wearable sensor or because they are relatively easily
controllable and actionable [14].
A total of 233 individuals completed the survey (90%: 18-24 years old, 5%:
25-29 years old, 5%: over 30 years old). Based on the results of the survey, we
decided to focus on four self-experiments — one for each outcome variable: (1)
How does my leisure time affect my happiness? (2) How does my activity level
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affect my sleep efficiency? (3) How does my nightly sleep affect my productivity?
(4) How do inconsistent bedtimes affect my stress level? While we selected these
four experiments for their popularity for use in the first version of the app, the
QuantifyMe system was designed to be flexible to accommodate many different
kinds of self-experiments, not just these four.

4 QuantifyMe system for self-experimentation
The QuantifyMe system consists of three parts: a backend Django application,
an Android App, and a Jawbone UpMove fitness tracker. The system could be
expanded to other fitness trackers and smartphone platforms.
4.1 Single-case Experimental Design on QuantifyMe
A traditional suggested design for single-case experiments is an ABAB design,
where the A phase corresponds to the baseline, and the B phase corresponds
to the intervention period. This design can be modified as a non-terminated sequential intervention AB1 B2 B3 design to see the relationship between different
magnitudes of the intervention and their outcomes [18]. This is best suited to our
system as we are looking to determine the optimum magnitude of the independent variable. Therefore, we implemented a four-stage design (1 baseline stage
and 3 intervention stages) in order to help users determine optimal behaviors
with each stage including 4-7 days of data points as suggested by [1].
We quantized behaviors into five zones for each experiment (see Table 1).
These target behaviors were predetermined by examining common behaviors
based on another study [19].
Table 1: Definitions of Target Zones of Behaviors for each experiment
Zone
Under
O1
O2
O3
Over

Number of Steps
< 6,500 steps
8,000 (6,500 - 9,500)
11,000 (9,500 - 12,500)
14,000 (12,500 - 15,500)
> 15,500 steps

Bed Time Variability
< ±15 mins
±30 mins (±15 - ±45)
±60 mins (±45 - ±75)
±90 mins (±75 - ±105)
> ±105 mins

Sleep Duration
< 6 hrs
6.5 hrs (6 - 7)
7.5 hrs (7- 8)
8.5 hrs (8 - 9)
> 9 hrs

Leisure Time
< 15 mins
30 mins (15 - 45)
60 mins (45 - 75)
90 mins (75 - 105)
> 105 mins

The “randomized” ordering of target goals was chosen as follows: Stage 1 was
a baseline measure. Because a choice needed to be made, we settled on having
the middle stage (O2) be the last stage. We also decided to include at least one
increase in the target behavior and one decrease in the behavior.
As an example of intervention order, if a user’s average sleep duration during Stage 1 (baseline period) is 6.75 hours (i.e., within O1), the user would be
instructed to sleep 8.5 hrs, 6.5 hrs, and 7.5 hrs during stages 2, 3, and 4, respectively. However, if the mean of the user’s sleep duration during Stage 1 was
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8.75 hours (i.e., within O3), the user would be instructed to sleep 6.5 hours, 8.5
hours, and 7.5 hours during stages 2, 3, and 4, respectively. The methodology of
imposing sleep targets adds more structure and validity to determining a causal
relationship than does simply correlating how long a user chooses to sleep each
night with how they feel the next day.
4.2 QuantifyMe Android App
The Android app was designed with the goal of letting the user easily enter
data for daily check-ins, while also allowing the user to check on the status of
their current experiment. When the user first opens the app after installation,
it prompts them for demographic data and asks them to select an experiment.
The app connects their Jawbone account to our system’s account.
Every morning during the experiment, the user is reminded to check-in on the
app and fill out a short daily survey. This survey asks about the amount of leisure
time in the past 24 hours, along with happiness, stress and productivity levels
using 7-point likert scales (not at all — extremely). Finally, the app reminds the
user to sync their Jawbone wearable sensor to Jawbone’s Up App (syncing takes
a few seconds).
After the user has checked-in for the day, the app presents the user with a
screen that lets them view their daily goal and experiment progress during that
stage (see Figures 1b and 1c). In particular, the user is able to see her recorded
behavior for all of the days she has been in that stage.
If a user has failed a stage in the experiment, they are shown a message
prompting them to restart the stage (see Figure 1d). Once an experiment has
been completed successfully, the user is shown a success screen with their end
results, and the experiment’s results are added to their history, which they can
view from the daily goals screen at any time.

5 App Evaluation Study
After the protocol was approved by the Institute Review Board, we conducted a
6-week pilot study to evaluate the new QuantifyMe application with 13 participants (4 male, 9 female age:18-27). All participants filled out a Big Five Personality Inventory [12] (not analyzed in this paper) and then chose a self-experiment
they liked, which was continued for the 6 weeks. At the end of the study, the
participants filled out a post-study survey including a System Usability Scale [2]
and questions about their favorite/least favorite parts of the app.
5.1 Results
Self-Experiment Selection Among the four experiments on the app, 5 people
chose “effect of sleep duration on productivity,” 4 people chose “effect of leisure
on happiness,” 2 people selected “effect of sleep variability on stress,” and 2
selected “effect of steps on sleep efficiency”. This distribution matches that of
the survey we conducted before designing QuantifyMe (see Section 3).
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Fig. 1: Screenshots of the QuantifyMe Android App: (a) information provided
before starting an experiment, (b) example of instructions during stage 1 (baseline period), (c) example of instructions during stage 3, and (d) example of stage
restart notification
Adherence During the 6-week study, three participants dropped out for various
reasons including phone malfunction, side-effects of an un-related medication,
and the self-experiment (inconsistent bedtimes and stress) being too difficult to
complete. Thus, 10 participants completed the study (i.e., used the QuantifyMe
app for 6 weeks); however, only one participant successfully completed a full
four-stage scientific self-experiment during the 6-week study.
The average adherence rate for checking-in (i.e., check-in adherence) to the
QuantifyMe app was 75.8%. check-in adherence remained stable throughout the
study, and decreased rapidly after the study ended. Check-in adherence rates
varied widely with four participants checking-in on less than 65% of the days
and 3 participants checking-in on more than 90% of the study days. In comparison, we found that on average participants adapted their behaviors to be in the
target range on 22.5% of the study days (i.e., objective adherence). This lack of
adherence to self-experiment instructions was the main reason why only one participant completed a self-experiment in the 6-week period. In other words, many
participants had trouble adjusting their behaviors to match the self-experiment
instructions (Figure 2). This resulted in many stage restarts because we required
participants to check-in at least 5 out of 7 days and be within the target behavior
range for at least 4 of the 7 days.
Post-study Survey The System Usability Scale (SUS) results presented are
from 10 study participants and excludes three who had technical difficulties with
use of the app on their phone. The SUS showed a mean of 71 (out of 100) with a
standard deviation of 17 (Figure 3). A SUS score of 68 is considered average [20].
Therefore, our system scored slightly above the average system for usability.
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Fig. 2: Example of a participant’s self-experiment. The top panel shows their
behavior manipulating the independent variable: sleep duration. The bottom
panel shows the outcome variable: self-reported productivity. The shaded areas
(blue, red, green, and purple) mark each of the 4 stages of the study. In the
top panel, we can see that these shaded areas also display the bounds of target
behavior. The lighter shaded areas serve as a reference for the target behaviors
when the experiment stages had to be restarted.
Post-study comments were analyzed from all 13 participants. Seven out of
13 study participants indicated that the daily survey and stage progress allowed
them to be more aware of their behavioral patterns and prompted introspection of their lifestyle. Most study participants indicated their disappointment in
not being able to complete the full-four-stage self-experiment during the 6-week
study. We also asked about the least favorite aspects of the app. One participant
said, “It was hard to follow the instruction about sleep schedule because it was
more than I am used to and I wasn’t able to plan my schedule around that”. Another participant said, “Worrying about when I wasn’t able to complete the app
instructions” was their least favorite aspect. These comments were consistent
with the behavioral lack of success in changing their independent variable.

6 Discussion
This work has several limitations. We assumed that self-experimenters would
have enough motivation to maintain the different behaviors being tested. Clearly,
better mechanisms to encourage behavioral compliance are needed. Participants
suggested it would be valuable to have additional information and motivation
about the single-case design methodology such as the number of stages and notifications of why a particular experimental stage would need to be restarted if
they didn’t reach the target for the independent variable. In the future we recommend that providing study participants with the upcoming targets multiple
days ahead and clarifying what flexibility is and is not going to be a set back in
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the study may allow them to plan for the interventions in advance and increase
adherence.
Our population was a set of busy healthy individuals who think they may
be interested in trying to find optimal behaviors; they are not likely to be as
motivated as an unhealthy population who seeks treatment. We also designed
multiple targets they had to meet (instead of sticking with one intervention),
adding additional challenges to engaging our healthy population.
Because most participants in our studies were university students who are
savvy about technology, experimental design and statistics, these results might
not generalize to other populations. Also the participants may have been fairly
homogeneous in terms of experiments they may be interested in. One sign supporting this was that the most popular experiment related to the amount of
sleep needed. However, all of the participants in the pilot study were novice selfexperimenters, which suggests that other tech-savvy novice self-experimenters
may encounter similar challenges.

Fig. 3: Results of the System Usability Scale. Figure (a) shows the distribution
of responses for each question and (b) shows the distribution of the SUS total
score.

7 Conclusions
In this work, we designed, developed, and evaluated a novel system for users
to conduct single case self-experiments in a scientific and automated manner.
The QuantifyMe system was designed to create a framework for novice selfexperimenters to find their personal optimal behavioral variables to achieve their
goals by automating the single-case experimental design process within a mobile
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application. In a pilot study, we found that although target-behavior compliance was low, our participants still expressed interest in having such an system
to determine how to personalize optimal behaviors. Future versions of the QuantifyMe system should include methods of increasing compliance via maintaining
motivation on a daily basis and better preparing participants to be able to hit
the target behaviors.
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