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ABSTRACT

Objective: Physician burnout is at epidemic proportions, impacts clinical outcomes, and is very costly. Although

there is emerging data about effective interventions, most physicians at risk of burnout do not seek help.

Survey-based measures exist which can quantify burnout within populations, but these are usually only admin-

istered episodically. We hypothesized that a novel modality for real-time measurement of happiness and stres-

sors would be acceptable, scalable, and could provide new actionable insights.

Materials: We developed a novel informatics system consisting of a networked smart button device, server,

and analytics for measuring happiness, and stressors in real-time during clinical work. We performed an obser-

vational cohort study in 3 primary care clinics. Random and fixed effects modeling was used to analyze predic-

tors of stress and happiness and we conducted a survey of usability and user acceptance of the novel system.

Results: We captured 455 recordings across 392 provider days from 14 primary care providers. In total, 85% of

users found the device easy to use, and 87% would recommend the system to their colleagues. Happiness and

stressors were observed in all working hours of the day, with a 22% reduction in feeling (the proportion of hap-

piness to stressors) across a clinical day.

Discussion: We tested a novel system which providers found easy to use and enabled collection of detailed

data. Limitations included being an observational study within a small number of clinics. A simple, unintrusive,

scalable informatics system capable of measuring happiness, and stressors in real-time could be useful to

healthcare organizations and teams.
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Lay Summary

Burnout is a maladaptive response to chronic stressors. Physician burnout is at epidemic proportions, impacts clinical out-

comes, and is very costly. Survey-based measures exist which can quantify burnout within populations, but as yet we do

not have real-time, scalable, system-wide signals (of stressors or satisfiers) which would allow organizations to implement

and monitor interventions that might mitigate the development of burnout. We developed a novel informatics system con-

sisting of a networked smart button device, server, and analytics for measuring happiness and stressors in real-time during

clinical work. We tested this system in an observational study with doctors, nurse practitioners, and physician assistants in 3

different primary care clinics in our organization. Most of the users found the device easy to use and would recommend it

to their colleagues. Two important implications of the study are that the system was acceptable to users and can be easily

scaled allowing organizations to understand and evaluate the impact of wellbeing interventions, workflow and technology

changes more quickly; and second that the detailed real-time data provide the opportunity to detect and address stress and

happiness occurring during clinical work in new ways and allows for the possibility of proactive outreach. Limitations of the

study include having a small number of providers in a limited number of clinics. A novel, scalable system capable of mea-

suring happiness and stressors in real-time could be useful to healthcare organizations and teams in tackling the epidemic

of burnout.

BACKGROUND AND SIGNIFICANCE

Physician and team member burnout have reached epidemic propor-

tions within many healthcare organizations with rates exceeding

50% in some settings.1 Burnout is “a work-related syndrome involv-

ing emotional exhaustion, depersonalization and a sense of reduced

personal accomplishment.”1 Burnout is driven by work-related

stressors including excessive workload, inefficient work processes

such as documentation burden, perceived lack of input or control,

and work/home conflict.1,2 Burnout impacts clinical outcomes,

errors, productivity, absenteeism, and results in increased staff turn-

over.3,4 The annual estimated cost of burnout in the United States

has been estimated to be $4.6 billion. Turnover costs alone are esti-

mated to be $500,000 to 1 million per physician.5

Although there is emerging data about effective interventions to

address burnout,6,7 most stressed physicians do not adequately ad-

dress their own well-being or seek help.8 Proactively identifying

physicians in need is not currently done in healthcare in a systematic

way, with current approaches primarily being self-referral, or refer-

ral by supervisor. Survey-based measures are used to quantify the

level and domains of burnout,9 and are widely used but these lack

detail about when the stressors occur, are subject to reporting biases,

and are usually only administered episodically.

A complementary approach would be to leverage near real-time

systems that provide continuous data on stressors or satisfiers for

healthcare workers. Existing digital systems for ecological momen-

tary assessment have been studied within mental health10 and have

been found to be feasible and well accepted, but had drawbacks

such as participant fatigue with questionnaires and ethical concerns.

Approaches to tracking and monitoring mood with passive digital

data (such as step counts, call logs, sleep data, and heart rate data)

do show correlations with perceived stress11 but have privacy con-

cerns. Other measures such as salivary cortisol12 and heart rate vari-

ability13 have also been studied and seem to measure physiological

states but have limitations regarding their association with stress

and are more invasive, or require prolonged monitoring.

A tool to allow organizations to systematically identify stressors

or satisfiers during work may overcome these limitations. This

would allow a direct recording of actual perceived stressors (or satis-

fiers) and could directly identify when individual or groups of physi-

cians experience persistent, ongoing stressors or if relative stress was

increasing or decreasing as a result of interventions or changes (such

as workflow redesign). To our knowledge, no such tool has been

studied in healthcare.

OBJECTIVE

In this study, we used a novel tool to measure the happiness and

stressors for providers in real time. We hypothesized that this would

be acceptable to providers and might offer insights into the causes of

stress and happiness for clinical teams. This could provide a modal-

ity that could scale across organizations and could be used in the fu-

ture to provide predictive analytics that would allow a more

nuanced, and perhaps automated early intervention to prevent burn-

out from developing or progressing.

MATERIALS AND METHODS

Informatics system
We developed a unique informatics system that includes a self-

contained device consisting of 2 buttons—1 indicating the user was

feeling happy, and another indicating that the user was feeling

stressed. These buttons are connected to a microprocessor that sends

the signal from the button to a server via an encrypted channel

through a wireless network. The device has a unique identifier

which is linked to a specific provider and location. The devices are

inexpensive and can be connected to any available network through

an embedded configuration portal. The server records the date and

time the click was received as well as the device identifier. Auto-

mated individual and aggregate group reports can be generated by

the system on an as-needed basis. The device was designed and built

by the primary investigator and his daughter, with design input

from the entire research team (Figure 1).

Overall study design
We conducted an observational cohort study among primary care

providers to study the usability of the devices in clinical environ-

ments. The study was approved by the Mass General Brigham IRB.

We enrolled practices within our primary care network representing

different clinical environments, specifically a community health

clinic, a large academic teaching practice, and a private practice.

Clinic directors were contacted about the study and invited to par-

ticipate. Providers at practices agreeing to participate were given a
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presentation outlining the study aims as well as the use of the device.

At the conclusion of the presentation, all clinical providers were in-

vited to participate.

Study procedures
Providers completed a study consent and an initial questionnaire

and then received their devices. If they worked from home as well,

they also received a device for home. They were instructed to press

the green button when they felt happy during clinical work and to

press the red button if they felt stressed. They were asked to log data

only during clinical activities. The study participants received a

weekly report of their data. Each clinic received an aggregate report

of data at the end of the study. At the end of the study, the providers

completed a final questionnaire.

Statistical considerations
R version 4.1.2 by the R Foundation for Statistical Computing was

used for the analysis.

Since we had repeat samples from each user, we used random

and fixed effects modeling to obtain the estimates and P values for

the analysis of overall feeling. A normalized overall feeling score

from 0 to 100 was calculated for each hour based on the proportion

of happy to stressed observations. In this scale, 0 would be always

stressed, 50 is neutral, and 100 would be always happy.

To understand significant predictors of stress and happiness, we

used fixed and random effects logistic regression modeling, using a

correction for multiple hypotheses so that a P value of .0167 (0.05/

3) would be considered significant. Results are presented as odds ra-

tios with associated confidence intervals. The predictors included

hour of day, day of week, gender, role, clinic type, and location

(home vs clinic). Since nurse practitioners (NPs) and physician assis-

tants (PAs) were not present at every site Role was collapsed to

“MD” (medical doctor) and “NP or PA” categories.

Usability and user acceptance of the devices were captured in the

final study survey. A final presentation of aggregate results was pre-

sented to all clinic participants where open-ended qualitative feed-

back was captured.

RESULTS

We obtained 455 measures of feeling using the smart buttons across

392 provider days from 14 primary care providers from October

2020 to December 2020 (Figure 2), with a mean of 1.08 measures per

user per day (with a range of 0–26). Subjects within the study were

primarily female physicians working in a community health center.

Table 1 shows the baseline characteristics of the study participants.

Among these subjects, 85% of users found the device easy to use,

77% said they would like to continue using the device, 87% would

recommend the use of the device for their colleagues, 54% of users

would also have liked to use an app version, 15% a watch applica-

tion, 8% a desktop application, and 23% a texting modality.

Figure 3 displays the estimated normalized feeling for individual

providers as well as the overall estimated feeling over the course of the

study. Feelings tended to be neutral and trended up slowly over time,

but this was not a statistically significant change (effect¼0.02%

change per hour, CI �0.009 to 0.041). The detail of the data made

available through the system revealed significant heterogeneity for in-

dividual providers.

Figure 4 shows graphs of the overall feeling per day of the

week and hour of the day, and also shows the counts for happy

and stressed observations at those times. Happiness and stressors

were observed on all days and working hours, but the proportion-

ate relationship varied. There was a decrease in the recorded feel-

ing throughout the day, and changes across days of the week,

Figure 2. Consort diagram of clinic enrollment.

Figure 1. The BE HAPPI device.
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with Monday and Thursday having a higher proportion of happi-

ness.

Results of analysis of the multivariate predictors of feeling are

shown in Table 2. This analysis showed that recorded feeling de-

creased by 2.2% each hour across the day. Over a 10-hour working

day14 this would be a reduction of 22%. Wednesday and Friday had

lower happiness with odds ratios of being less happy on those days

compared to Monday of 0.5 and 0.4, respectively but after correc-

Table 1. Provider demographics (and data recorded)

Subjects Observations, total

(mean per subject)

Happy observations,

total (mean per

subject)

Stressed observations,

total (mean per

subject)

Feeling per hour,

mean (CI)

All 14 455 (33) 253 (18) 202 (14) 54% (41 to 65)

Provider types

MD 9 301 (33) 173 (19) 128 (14) 57% (39 to 74)

NP 2 62 (31) 31 (16) 31 (16) 50% (�61 to 100)

PA 3 92 (31) 49 (16) 43 (14) 47% (�9 to 100)

Gender

Female 12 344 (29) 198 (17) 146 (12) 57% (42 to 69)

Male 2 111 (56) 55 (28) 56 (28) 42% (�166 to 100)

Clinic types

Academic practice 3 102 (34) 60 (20) 42 (14) 58% (6 to 100)

Private practice 4 71 (18) 24 (6) 47 (12) 38% (2 to 73)

Community health

center

7 282 (40) 169 (24) 113 (16) 61% (45 to 77)

Location

Clinic 13 354 (27) 200 (15) 154 (12) 54% (42 to 67)

5 101 (20) 53 (11) 48 (10 54% (30 to 78)

Figure 3. Feeling over time with individual estimation curves (thin lines) and central tendency (blue line). The black reference line indicates a feeling of 50% which

is neutral. The lines are estimates of central tendency for individuals and so can extend below 0 and above 100.
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tion for multiple analyses this was not thought to be significant

within the current data set. The only univariate results which were

significant were increases in stress by hour of day, and clinic type.

DISCUSSION

We developed and tested a novel system that allows for real-time as-

sessment of provider stressors and happiness and provided weekly

individual, as well as group feedback. The devices were easy to de-

ploy and were available in clinic and in other practice locations such

as homes where virtual care is being provided. In qualitative feed-

back, providers shared that using the device helped a number of

them to do quick “life-hacks” that let them quickly decrease their

stressors and improve their happiness at work, such as bringing a

full meal on longer days in clinic, or realizing they were arriving at

work already stressed (and so focused on relaxation techniques at

home). The devices were also reported to provide some catharsis in

having their stress “recognized” and helped some providers to rec-

ognize that they had more happiness at work than they had realized.

In qualitative feedback from group meetings, the time of day, and

day of week patterns triggered a number of ideas for possible

improvements including establishing a “blocked” wrap-up session

at the end of the day among providers that would help them com-

plete their sessions on time. Medical directors expressed their inter-

est in using this to measure whether systemic changes (driven

externally such as electronic medical record (EMR) or policy

changes, or internally such as clinic wide wellness initiatives) had

positive or negative effects across their teams, and to use this data to

make adjustments in their clinics (such as the blocked end-of-day

Figure 4. (A) The average feeling by day of week. (B) The average feeling by hour of day. (C) The number of happy recordings (in blue) and stress (in red) by day

of week, and (D) this by hour of day.
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wrap-up session described above) as well as using it to more effec-

tively advocate for systemic changes with organizational leadership.

Burnout poses a tremendous problem in many industries, but par-

ticularly in healthcare.3 Not only does it increase turnover, which is

costly, but it also adversely impacts clinical outcomes, increases errors,

decreases productivity, and increases absenteeism.3 It is likely that this

has worsened during the Coronavirus pandemic.15 Current methods

to measure burnout16,17 have value, but generally rely on self-

administered scales which can take time from busy clinicians. This can

make it possible for these instruments to worsen stressors or make it

less likely for those who are most stressed to complete them. They also

require infrastructure to distribute and gather and analyze responses

and are intended to quantify rates of burnout in populations rather

than to identify individual providers who may be burned out or at risk

of burnout. As currently implemented, these surveys do not provide in-

dividual providers or groups with timely and comprehensive data that

they can use to make ongoing adjustments to address chronic and

emerging stressors. In short, physician burnout is an important prob-

lem in medicine, current ways to measure burnout have limitations,

and there are currently no systematic ways to identify clinicians who

are facing persistent stressors and so may be at risk of burnout. A

“biomarker” of persistent stress, a “burnout troponin” could be a

very useful additional tool to address this epidemic.

We found that the devices were used an average of 33 times per

individual over the 28-day study period and were perceived as easy

to use by 85% of the users. Remarkably, 77% of the users were in-

terested in continuing to use the devices beyond the study duration.

We also found a statistically significant trend of decreasing overall

feeling (a proportion of happiness to stress) as a function of the hour

of day, with a decline of 22% across a 10-hour clinical day. Predic-

tors of decreased happiness or increased stress may also include

some days of the week and practice type, which provide possible op-

portunities for focused improvements in the future.

Our study has 2 important implications. First, it demonstrated

that a system that offers the ability to monitor stress and happiness

in real-time at scale across organizations is acceptable and will be

used by providers. Since it can be deployed at scale to all team mem-

bers it has the potential to help measure short- and long-term

impacts of wellness and wellbeing interventions holistically across

teams and organizations. This could be very important in helping

organizations more quickly understand the impact of workflow,

technology, and wellbeing interventions on all their teams.

Second, the granularity and timeliness of the data available from

this system, and the heterogeneity it revealed, provide the opportu-

nity to detect and address stress and happiness occurring during clin-

ical work in new ways. The data from this initial deployment

showed information that was of interest and could be acted on by

both individual clinicians (who focused on individual factors that

they could quickly affect) as well as organizational leaders (who fo-

cused on the group level data showing more system-level factors). In

addition, since the data is available in real-time it also allows for the

possibility of providing proactive outreach with evidence-based

interventions to help prevent persistent stressors from developing

into burnout and supporting and strengthening factors that contrib-

ute to happiness during clinical work.

This study has a number of limitations. First, it had a small num-

ber of mostly female subjects within a limited number of clinics.

These individuals did provide a reasonable number of observations

and we used fixed and random effects modeling to account for the

correlation of the observations. The study was likely not sufficiently

powered to be able to detect differences among some demographic

groups such as gender differences. A second limitation was that the

devices used did not capture other measures that have been consid-

ered of interest in studies of physiological stress such as heart rate

variability, galvanic skin response, or salivary cortisol. Although

these may be interesting correlates, they can be more invasive, and

providers had expressed concern regarding continuous monitoring

during our study enrollment so we expect that more invasive or con-

tinuous monitoring that was not user initiated, would likely limit

scale and adoption. The action of deciding to press the stress or

happy button may also present more direct data regarding the per-

son’s perceived emotional state, and so may in fact be a more accu-

rate measure of emotion than these other measures.

In addition to full-time clinicians, many providers practice part-

time, and may have their first clinic not on Monday but on another

day of the week. Future work could include analysis of stressors and

satisfiers related to specific session periods in addition to the days of

the week and time of the day.

An additional limitation in this study was that we did not seek or

ask the provider to provide detailed information about activities

causing stress or happiness. In this study, we focused on understand-

ing the acceptability of the device, and on some of the generic pre-

dictors of stressors and happiness in clinicians and observing their

individual and team responses to their own happiness and stress

Table 2. Predictors of feeling per hour, stress, and happiness

% Feeling (CI) P OR stressed (CI) P OR happy (CI) P

(Intercept) 95.5 (66.8 to 124.2) 0.028 (0.08–0.99) 14.5 (4.28–49.4)

Hour �2.21 (�3.78 to �0.6) .006* 1.07 (1.00–1.15) .064 0.897 (0.833–0.966) .004*

Tuesday vs Monday �3.11 (�19.7 to 13.5) .714 0.92 (0.44–1.93) .830 0.607 (0.281–1.31) .201

Wednesday vs Monday 0.04 (�13.4 to 13.5) .995 0.81 (0.44–1.48) .493 0.498 (0.267–0.927) .0280

Thursday vs Monday 6.82 (�8.84 to 22.5) .394 0.46 (0.22–0.98) .043 0.748 (0.354–1.58) .448

Friday vs Monday �4.18 (�22.7 to 14.4) .659 1.02 (0.43–2.41) .946 0.410 (0.171–0.983) .046

Gender: male (compared with Female) �13.7 (�45.7 to 18.4) .425 2.60 (0.77–8.80) .124 0.537 (0.209–1.38) .198

Role: NP or PA (compared with MD) �12.0 (�36.6 to 12.5) .360 2.19 (0.87–5.53) .095 0.522 (0.250, 1.09) .084

Private practice (compared with commu-

nity health center)

�20.08 (�45.3 to 5.2) .151 2.4 (0.88–6.49) .084 0.420 (0.191–0.924) .031

Academic center (compared with com-

munity health center)

�0.098 (�28.3 to 28.1) .995 1.09 (0.38–3.10) .878 1.40 (0.612–3.21) .425

Home (compared with clinic) 4.65 (�11.9 to 21.2) .583 0.63 (0.31–1.28) .205 1.17 (0.583–2.35) .657

*A P value of less than .0167 is considered significant (given multiple hypotheses tested).

NP: nurse practitioners; PA: physician assistants.
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graphs. In future work, these happiness and stress reactions could be

mapped to EMR log data to identify activities that could be affecting

clinicians, or our texting bot or an app could prompt the user after

button presses to journal about the activity causing that reaction.

Additionally, the server technology could be used with embedded

happy and stress buttons within the EMR or other hospital systems.

This more detailed data could be very valuable to healthcare organi-

zations when implementing EMR, or workflow changes. Even with

the current system that does not track specific activity data, happi-

ness and stressor data being generated across an organization could

provide important information to understand the effectiveness, or

limitations of wellness and wellbeing interventions, of widespread

technology changes (such as EMR changes) or the impact of pan-

demics and other crises on healthcare staff.

Finally, another limitation of this work is that it did not yet ad-

dress whether acting on the signals created by the system can help to

mitigate burnout. This was designed as a usability and acceptability

study of the devices, and the data created by the system. Working

with our organization the team created a user-centered interventions

list that could be proactively activated by thresholds from this sig-

naling system. The effect of this overall system (signal plus interven-

tion and monitoring) is planned for future study.

CONCLUSION

We developed and deployed a novel modality for real-time measure-

ment of provider happiness and stressors. This system was easy to

deploy and was found to be easy to use by providers, the majority of

whom would recommend this system to their colleagues. In addition

to the usability data, the detailed data revealed new insights into

patterns of stress and happiness across groups of clinicians. Future

work should include wider deployment to additional organization

types and geographies, deployment to all team members within the

healthcare organization, as well as more detailed activity tracking

through EMR logs, embedding in the EMR, or through digital jour-

naling. The effect of adding proactive outreach to providers

experiencing greater stress and decreased happiness should also be

tested. We hope that simple, unobtrusive systems like this will be

useful in helping to bring more nuanced, real-time, and holistic

measures to healthcare teams and organizations as they apply sys-

temic wellness and wellbeing interventions to address the chronic

stressors that are contributing to this worsening epidemic of health-

care worker burnout.
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