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Within the last 12 months, have you been diagnosed or treated by a
professional for...

1 19%
Depression ™ T 0 . COMNS—  ——

i Stress
Anxiety % ; Anxiety
nxie
Disordered eating ! Sleep difficulties

11%
8%
3%
Panic Attacks | e 7% -
5% Depression
E—
5%
4%

Within the last 12 months, the following affected your academic performance:
(including received lower grade on exam or important project, or received lower grade
course, or d il

or dropped course)

m2016
w2014

ADHD Concern for troubled friend/family member

Insomnia or other sleep disorder “

Obsessive compulsive disorder %& Computer games/internet use

Relationship difficulty

Other mental health disorder b Internet social network sites

Bipolar illness Hﬁ 2% Alcohol use

Substance abuse or addiction

— B e e

10% 12% 14% 16% 18% 20%







why do students burn out, drop classes, do poorly, even drop
out of college when others excel?

what is the impact of stress, mood, workload, sociability, sleep
and mental health on academic performance?

is there a set of behavioral trends or signature to the
semester?

can mobile sensing and predictive modeling assess student
mental wellbeing?



















48 students over 10 week Spring 2013 term

*10 female, 38 male CS students
*30 undergraduates, 18 graduates

*8 seniors, 14 juniors, 6 sophomores, 2 freshmen, 3 Ph.D
students, 1 second-year Masters student, and 13 first-year
Masters students

*23 Caucasians, 23 Asians and 2 African-Americans.

*Gave out Androids to students in my Android
programming class

*No feedback to students, only collection.

*No funding so begged and borrowed and just did it — you
have believe.
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activity

sitting

400
Time
(b) Standing
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standing

400
Time

(c) Walking

walking
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Time

(d) Running




around conversation

face-to-face
conservation: duration
and frequency




off duration




we also computed

* activity duration

* outdoor mobility

* indoor mobility

* location and co-location

* phone usage (apps, lock/unlock)







A little stressed
Definitely stressed
Stressed out
Feeling good

Feeling great

Sleep

How many hours did you sleep last
night?

<3

How would rate your overall sleep
last night?

Very good

How often did you have trouble
staying awake yesterday while in
class, eating meals or engaging in
social activity?

None

Save Response













PATIENT HEALTH QUESTIONNAIRE (PHQ-9)

NAME: DATE:
Over the last 2 weeks, how often have you been
bothered by any of the following problems? ore th
ore than
(use " to indicate your answer) Not at all 3::;’3" half the ox.v:'gay
days
1. Little interest or pleasure in doing things 0 1 2 3
2. Feeling down, depressed, or hopeless 0 1 2 3
) . ) 0 1 2 3
3. Trouble falling or staying asleep, or sleeping too much
4. Feeling tired or having little energy 0 1 2 3
§. Poor appetite or overeating 0 d = . - d t I
epression .. . moderately
6. Feeling bed about yourselt_or that you are a alureor | - minimal |minor | moderate severe
have let yourself or your family down severlty seve re
7. Trouble concentrating on things, such as reading the 0 1 ‘4 5'9 1 O‘ 1 4 1 5' 1 9 20'27
newspaper or watching television
8. Moving or speaking so slowly that other people coukd number of
have noticed, Or the opposite — being so figety or 0
restless that you have been moving around a lot more StUdents (pre- 1 7 1 5 6 1 1
than usual su rvey)
9. Thoughts that you would be better off dead, or of 0
hurti oursell
e number of
«acl students (post- 19 12 3 2 2
(Healthcare professional For interpretation of TOTAL, TOT| Su rvey)
nlaasa refar to acoomnanvina seonina card)




pre-post questionnaires

* depression scale

* perceived stress scale
* loneliness scale

* flourishing scale

*Big 5
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recruiting

participants orientation
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consent form mental health pre-surveys




recruiting

participants orientation data collection

ecological momentary
assessment (EMA)

passive sensing

location/co-
location
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participants orientation data collection sufvey
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Dataset size

53 GB of data, 32,000 EMAs, 48 pre-post surveys, interviews
Passive sensor data from phone

activity, sleep, face-to-face conversation frequency/duration,
indoor and outdoor mobility, location, distance travelled, co-
location, light, app usage, calendar, call logs

Experience sampling

pam (affect), behavioral, class, campus events, social
events, sleep quality, exercise, comments, mood

Pre-post surveys from Survey Monkey

stress, personality, mental and physical health, loneliness,
mood, sleep

Transcripts: educational stats

Other: Facebook (not released), face log images (not
released), dining details, seating data

Entry-exit interviews (not released)

social net in class, classes information (deadlines for all
classes), group review, study specific questions.
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StudentLife

StudentLife is the first study that uses passive and automatic sensing data from the phones of a class of 48 Dartmol
term to assess their mental health (e.g., depression, loneliness, stress), academic performance (grades across all tf
cumulative GPA) and behavioral trends (e.g., how stress, sleep, visits to the gym, etc. change in response to college
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day: 9am-6 pm

08 09 10 11 12 01 02 03 04 05 06 07 08
time of the data (8 am - 8pm)




night: 12 am -9 am
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depression

Peep dumten %

conversation frequency (day) **

conversation frequency (evening) *

number of co-locations *

-0.48 -0.36 -0.24
*p=0.05, **p=0.01 R value




loneliness

activity duration *
activity duration (evening) **
outdoor mobility (day) *

indoor mobility (day) *

-0.48 -0.36 -0.24

R value

*p=0.05, **p=0.01




conversation duration during day *

conversation freq during day **

conversation freq during evening *

sleep duration *

-0.3

R value

*p=0.05, **p=0.01







sleep

~ deadlines = sleep
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face-to-face conversation

~ deadlines
— conv. duration
— conv. freq.
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activity duration

~ deadlines
— activity duration
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stress and affect

~ deadlines
— positive affect (PA)
— stress
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gym visits

= deadlines
~ gym
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class attendance

= deadlines
~ attendance
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attending classes and studying

O attendance
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when do students party? when do students study?
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partying trends across the term
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activity post-slope **

conversation duration *

indoor mobility term-slope **

class attendance pre-slope *

party duration term-slope*

study duration mean *

study focus pre-slope *

-0.7 -0.525 -0.35 -0.175 O

R value

*p=0.05, **p=0.01

0.175 0.35 0.525




Predict GPA?







studying

partying

activity

conversation

mental health

personality

We use the Lasso regularized
linear regression model

use lasso to regularize training

+—>

leave-one-out cross validation
to determine lasso’s hyper
parameter and to obtain the
prediction results




prediction performance

1 n H
goodness of fit:
 R2=0.559
e r=0.81, p < 0.01

0.2 0.3

absolute error




a professor’s intervention =




why no signal?

it has to be there

somewhere, no! 4
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83 undergraduate students across two 10 week
term in the winter and spring terms

44 female, 40 male students
*26 Asians, 5 African-Americans,

Caucasians, 1 multiracial,

specified |
* average age 20.33, std=2.3
*Users’ Android, iPhone, mi




Diagnostic Criteria for Major Depressive Disorder and Depressive Episodes

DSM-IV Criteria for Major Depressive Disorder (MDD)

« Depressed mood or a loss of interest or pleasure in daily activities for more than two weeks.

« Mood represents a change from the pe seline.

« Impaired function: social, occupation: onal.

« Specific symptoms, at least nt nearly every day:

st of the day, nearly every day, as indicated by either subjective report
ation made by others (e.g., appears tearful).

reased interest or pleas: in most activities, most of each day

3. Significant gl ) orch in
4. Change in sleep: Insomnia ¢f hypersomnia

Change in activity: Psychogffotor agitation or retardation
6.
7. ngs of worthlessness or excessive or inappropriate guilt
8. : ility to think or concentrate, or more indecisiveness
9. Suicidality: or suicide, or has suicide plan

DSM - V proposed (not
preoccupation with unpl

nxiety symptoms that may indicate depression: irrational worry,
trouble relaxing, feeling tense, fear that something awful might happen.

ay mimic or co exist with Major Depressive Disorder:

ressed mood (eg. drugs, alcohol, medications)

ed mood

3 : mania, hypomania, bipolar, schizoaffective, schizophrenia, etc.

avement unless sx persig for > two months or show marked functional impairment, morbid preoccupation with
lessness, suicidal ideatfon, psychotic sy or psych dati

may be part of Major Depressive Disorder OR an isolated episode)

B
d Mood Reduced self esteem and confidence
ent in usual activities Ideas of guilt and unworthiness
sed activity Pessimistic thoughts
Disturbed sleep
Diminished appetite
Ideas of self harm

Loss of interest and enj
Reduced energy and

SQLrity of Depressive Epi
Mi > 1 from us 1-2 column B. Or 5-6 sx but mild in severity and functional impairment.
column A plus 2-3 column B. Or 7 - 8 sx but moderate functional impairment.
All 3 from column A plus > 3 ffom column B. Or fewer sx but any of these: severe functional impairment,
chotic sx, recent suicide atfempt, or has specific suicide plan or clear intent.

Functional Dom: Impaired Y ired
Fan:mly Qui ositional Withdrawn, won'’t talk, brusque, angry, aggressive
Grade: -~ s
ouas | der s r | elnseromare g chon vt
mics/ Work | work, dec i = argumentative, high aade:l'::or worI; stress
academic or work stress gy ’













PATIENT HEALTH QUESTIONNAIRE (PHQ-9)

NAME:

than usual

DATE:
Over the last 2 weeks, how often have you been
bothered by any of the following problems?
(use """ to indicate yowr answer) 0 40 T T
c
[
2
1. Little interest or pleasure in doing things o 30
Tt
g
2. Feeling down, depressed, or hopeless 20 1
o
o}
3. Trouble falling or staying asleep, or sleeping too .LE) 10 1
=]
4. Feeling tired or having little energy o0
0 5 10 15 20
§. Poor appetite or overeating PHQ-8 score (pre)
6. Feeling bad about yourself—or that you are a fail (a) The distribution of pre PHQ-8 scores
have let yourself or your family down
7. Trouble concentrating on things, such as reading 8 350
paper or ing televisi
§ 280 1
8. Moving or speaking so slowly that other people ¢ [ 210
have noticed, Or the opposite —being so figety ¢ "5
restless that you have been moving around a lot o 140
Qo
;E, 70
9. Thoughts that you would be better off dead, or of < 0 \\N \11\ i

hurting yourself

(He profe I For or

nlaasa refar fa aconmnanving searing card)

(c) The distribution of PHQ-4 depression subscale scores

25

1 2 3 4 5
PHQ-4 depression subscale score
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PHQ-8 score (post)
(b) The distribution of post PHQ-8 scores
35 T . : - . : .
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0 1 2 3 4 5 6
PHQ-4 depression subscale score

(d) The distribution of mean PHQ-4 depression subscale scores



correlation matrix of symptom features and PHQ-8 item
scores

sleep duration - -

sleep end - 0.4
sleep start -

unlock duration - 0.2
unlock duration at dorm -
unlock duration at study places -
stationary time - -0.0

conversation duration -

number of places visited _ _

time at on-campus health facilities - - - 0.2
time at dorm - -
time at study places - —-0.4
heart rate -
tl dl I . eI -tel g,SI tel »(o<l
psO .05 o5 o e’ eSt o0 s\eepﬁa’t\qua gge(:‘:\\essc“‘:(\ceggjd\omo



PHQ-8 score: sleep changes; and
diminished ability to concentrate

sleep start time variance*
sleep end time variance*
unlock duration*

\

unlock duration @ study places**

unlock duration @ dorms*

0.2

*p=0.05, **p=0.01

0.3

R value

post-study

post-study

pre-study

pre-study & post-study

pre-study




PHQ-8 score: diminished interest in
activities; and depressed mood, fatigue

stationary time*

conversation duration term slope**
number of places visited*

time at on-campus health facilities

heart rate/heart rate variability

-0.375 -0.25 -0.125 0 0.125 0.25 0.375 0.5

R value

*p=0.05, **p=0.01

pre-study & post-study

pre-study

post-study

pre-study

no significant relation




study places

pre

F=4.199, p= 0044 F 11.599, pO 001 F=6.084, p—O 016
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We use ANOVA to determine whether or not the mean of the two groups (hon-depressed
and depressed) significantly differ.
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predicting weekly PHQ-4

We use lasso regularized logistic regression to
determine if a student is depressed or not;
selected features are:

esleep end

*unlock duration at study places

estationary time, number of conversations

enumber of places visited, time at dorm, time at study places

emedian heart rate




recall=81.5%
precision=69.1%

AUC=0.805

PHQ-4
true positive rate
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0.2 0.4 0.6 0.8

false positive rate
ROC curve of logistic regression model obtained from 10-fold cross validation for binary

classification of depression




PHQ-4 depression number of conversations
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People may experience:

Mood: mood swings, sadness, elevated mood, anger, anxiety, apathy,
apprehension, euphoria, general discontent, guilt, hopelessness, loss of
interest, or loss of interest or pleasure in activities

Behavioral: irritability, risk taking behaviors, disorganized behavior,
aggression, agitation, crying, excess desire for sex, hyperactivity,
impulsivity, restlessness, or self-harm

Cognitive: unwanted thoughts, delusion, lack of concentration, racing
thoughts, slowness in activity, or false belief of superiority

Psychological: depression, manic episode, agitated depression, or
paranoia

Sleep: difficulty falling asleep or excess sleepiness
Weight: weight gain or weight loss

Also common: fatigue or rapid and frenzied speaking









schizophrenic
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Dror Ben-Zeev and Rachel Brian
(UW), Tanzeem Choudhury and

W Hane Aung (Cornell), Ethan Berke
(was DHMC), Randy Colvin and
Stefanie Tignor (Northeastern), Sam
Gosling (UT Austin), Gabriella

Harari (Stanford), Catherine Norris
(Swarthmore), Rui Wang, Kizito

Masaba, Shayan Mirjafari, Weichen
Jw. Wang, and Xia Zhou, Emily Scherer
At
5, (Dartmouth)
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- No major leaps forward yet

- Lots of small scale studies (N=100, T=20 weeks)
with differing features/models and results

- No generalizable results , no repeated studies, and
no randomized control trials (RCTs)

- Things are inconclusive but progress is being
made and there is commercial activity — always a

good sign

- Significant-challenges remain






- Widely accepted feature set/models will emerge

- Breakthrough in personalized depression models and
interventions proven out

- Advances in deep learning and wearables for mobile
mental health — the phone will be a step toward that

- Multiple large scale RCT studies will confirm clinical
validity of depression sensing across the general
population

- Clinician-acceptance of mobile-PHQ9 prediction. Biz
models emerge for payers/providers







Depression sensing driven intervention (e.g., next gen Cognitive
behavioral therapy) is common

Personalized depression and intervention models embedded not only
mobile — maybe everything you touch (from social media, future
wearables, your car)

Mental health assistant — mental health sensing based Al

- ‘reactive modeklstart the move:

- “Hey Siri how am | doing today?”

- proactive model will dominate:
- “Andrew, go for a long run today — your open between 1-2 pm”
- “Pve booked an appointment for you to see Mark Tuesday”

- “You didn’t take your meds yesterday — call Mark”







silent tsunami




55% of the US counties have no MH provider - 45% of psychiatrists
do not accept insurance - 57% do ‘ngt accept medicaid




There are 10X.more peopleiwith'serious
mental-health (SMl) in prisons.than in
haspitals

JUSTICE

25% of homeless people have SMI.




44,000 Americans die by suicide each year.
There are 13.8 deaths by suicide per 100,000

persons.each vear.

INTERVENTION

It’s the 2nd leading cause of death among people
aged: 10-24










Mobile will detect it.







| ") StudentLife X

C' [ studentlife.cs.dartmouth.edu
[ News R RBook [EJwc M Gmail % Play &, Drive [ calendar [3] B F [Jjava Rg1/2/3 CAR [ MyRuns [ Android [EATC [Ecs65 (S F

StudentLife

StudentLife is the first study that uses passive and automatic sensing data from the phones of a class of 48 Dartmol
term to assess their mental health (e.g., depression, loneliness, stress), academic performance (grades across all tf
cumulative GPA) and behavioral trends (e.g., how stress, sleep, visits to the gym, etc. change in response to college



