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Abstract
This viewpoint focuses on the ways in which digital medicine 
and measurement-based care can be utilized in tandem to 
promote better assessment, patient engagement, and an 
improved quality of psychiatric care. To date, there has been 
an underutilization of digital measurement in psychiatry, 
and there is little discussion of the feedback and patient en-
gagement process in digital medicine. Measurement-based 
care is a recognized evidence-based strategy that engages 
patients in an understanding of their outcome data. When 
implemented as designed, providers review the scores and 
trends in outcome immediately and then provide feedback 
to their patients. However, the process is typically confined 
to office visits, which does not provide a complete picture of 
a patient’s progress and functioning. The process is labor in-
tensive, even with digital feedback systems, but the integra-
tion of passive metrics obtained through wearables and 
apps can supplement office-based observations. This en-
hanced measurement-based care process can provide a pic-
ture of real-world patient functioning through passive met-

rics (activity, sleep, etc.). This can potentially engage patients 
more in their health data and involve a critically needed ther-
apeutic alliance component in digital medicine.

© 2021 The Author(s)
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The Unrealized Potential of Digital Measurement in 
Behavioral Health

With the advent of digital health technologies, there 
have been increasing calls for behavioral health practitio-
ners to enhance traditional self-report assessments 
through the inclusion of objective patient monitoring 
data [1–3]. Efforts to improve objective measurement are 
particularly important because psychiatry does not pos-
sess the observable and quantifiable vital signs that are 
available to other medical specialties. Ideally, the collec-
tion of this data should be continuous, precise, and re-
flect a patient’s real-world functioning [4]. Easily inter-
pretable, real-time, and actionable patient data would as-
sist clinicians in adapting treatments to patient needs [4]. 
In order to scale appropriately, the ideal measurement 
process should be passive in order to minimize patient 
effort.
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Digital medicine can potentially address this gap 
through a broad range of mobile health, health informa-
tion, wearable, and personalized medicine technologies, 
many of which are focused on assessment and tracking of 
patient symptoms and behaviors. Wearable sensors now 
allow tracking of physiological functions such as move-
ment patterns, sleep, heart rate, blood pressure, oxygen 
saturation, and skin conductance [5–7]. Digital biomark-
ers (aka digital phenotyping) have been defined as “con-
sumer-generated physiological and behavioral measures 
collected through connected digital tools” [8]. These 
measurements may be extracted from smartphone scroll-
ing patterns, keystrokes, and speech patterns, which may 
offer clues about processing speed, verbal memory, and 
executive function [3]. Together, such data can provide 
insights into domains that are linked to psychiatric disor-
ders, such as stress, mood, sociability, motor patterns, 
and cognitive function [7]. Digital phenotyping has been 
applied to mood disorder identification, relapse preven-
tion in bipolar disorder, opioid overdose prevention, and 
harmful drinking detection [5].

Unfortunately, digital measurement has primarily tak-
en place in research studies and has been underutilized in 
clinical practice. Providers may be hesitant due to con-
cerns about the validity and reliability of the tracking 
data, workflow and interoperability with record-keeping 
systems, limitations in reimbursement, and ethical con-
cerns about responding to risk information arising from 
data monitoring as well as data privacy challenges [9]. 
Provider ambivalence may potentially detract from pa-
tients’ and caregivers’ use of these tools and lead to missed 
clinical opportunities. For example, wearable devices 
provide valid measures of sleep and activity, but less than 
10% of these devices are still in use after 6 months [10]. 
Digital symptom monitoring can potentially affect the 
course of treatment, but such data are often not fed back 
to patients (or sometimes even clinicians) to guide treat-
ment decisions [11]. Both provider and patient engage-
ment are necessary to overcome the poor utilization that 
has been apparent in clinics, among the public, and even 
in more highly controlled digital health studies [12, 13].

Digital health tools may work better when paired with 
live support [14], but digital medicine tools (for example, 
mental health apps) duplicate existing face-to-face ser-
vices without leveraging one of the primary ingredients 
in effective treatment – the therapeutic relationship [15]. 
An active feedback process in digital medicine seems crit-
ical. As stated by Torous and Hsin [12], … we propose that 
a failure to address the digital interaction between patients 
and clinicians – the digital therapeutic relationship – and 

resulting lack of support for this new relationship limits the 
true potential of digital care. The therapeutic relationship 
should not be considered complementary to the use of 
digital health tools; rather it should be seen as a necessary 
treatment component in the accurate quantification of 
outcomes. Although some studies recognize the impor-
tance of the therapeutic alliance in digital medicine, it is 
seldom measured or regarded as a primary outcome in its 
own right [16]. Behavioral engagement metrics in digital 
applications generally assess the quantity rather than the 
quality of engagement, for example, the clinically mean-
ingful use of these tools [17].

Measurement-Based Care as a Model for Digital 
Measurement

Measurement-based care is considered a foundation 
of psychiatric care [17] and introduces clinician-patient 
engagement into the assessment process. Measurement-
based care includes 4 components: (1) administration of 
validated self-report measures (e.g., Personal Health 
Questionnaire-9 or Personal Health Questionnaire-2 and 
Generalized Anxiety Disorder-7) to patients before treat-
ment sessions; (2) clinician review of numerical and 
graphical scores over time; (3) feedback of this data back 
to patients; and (4) collaborative evaluation of the results 
to determine maintenance or change in treatment course 
[18]. Measurement-based care effects are robust across 
various treatment modalities, populations and settings 
[19]. Measurement-based care enhances outcomes with 
anxiety and/or depressive disorders [20], resulting in a 
doubling of overall effect sizes [21]. Measurement-based 
care is particularly useful with patients who are “not on 
track” for positive outcomes [22]. Measurement-based 
care appears to affect the course of treatment through the 
monitoring of symptom reduction and deterioration, en-
hancing clinical judgments and patient-provider com-
munications, helping patients to improve their role func-
tioning and quality of life [23]. Ultimately, measurement-
based care can extend patient retention and engagement 
in treatment [21, 24].

To achieve these effects, measurement-based care 
works within a therapeutic relationship framework, en-
hancing communication and information sharing be-
tween providers and patients [19]. Assessment feedback 
is the foundation that supports active patient participa-
tion, patient self-management, a greater understanding 
of symptoms, and attention to the signs of relapse [18, 
25]. The dynamics of patient-therapist communication 
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may then be shifted so that patients can expand the objec-
tives of treatment beyond simple symptom relief to qual-
ity of life issues [26].

Enhancing Measurement-Based Care through Digital 
Measurement Tools

There are inherent limitations with measurement-
based care as currently practiced, as the process is focused 
heavily on self-report data based on symptom-focused 
questionnaires. These measures are designed to be quite 
brief in order to adapt to clinician workflows, so may only 
reflect a narrow band of patient functioning [3]. Self-re-
port data is collected prior to clinical encounters and is 
followed by in-session patient feedback. Relying on syn-
chronous interactions based on session attendance limits 
the impact of measurement-based care because self-re-
port assessments are more likely to be administered on an 
irregular or intermittent basis [27]. The process is essen-
tially a collection of snapshot assessments that do not ex-
tend data collection to real-world daily functioning or ef-
fects of therapeutic interventions. Relying on patients’ 
subjective impressions in a context which is not necessar-
ily representative of their functioning limits the potential 
for measurement-based care-generated data insights be-
tween sessions. These singular data points may call into 
question the reliability and validity of such data [28], es-
pecially when affected by recall bias or mood-state bias 
[2]. This workflow is labor intensive for clinicians and it 
may generate greater patient and clinician engagement if 
there were also opportunities for passive data collection.

Digital technologies can enhance measurement-based 
care by offering more representative and expansive real-
world data-gathering and the introduction of passively 
gathered data. Experience sampling (also called ecologi-
cal momentary assessment) is based on the idea patients 
will report on outcomes over time in real-world contexts 
[29]. Establishing a longitudinal pattern of assessments in 
home or other real-world environments can encourage 
additional clinical monitoring between sessions to better 
understand symptom fluctuations [30]. This allows the 
clinician to better understand the relationship between 
the patient’s clinical changes, social interactions, and en-
vironmental factors. Even more importantly, expansion 
of real-world measurements should be patient-focused, 
otherwise there is a risk of simply applying burdensome 
and ineffective traditional measurements in a digital for-
mat [31]. Applying digital measures that matter to pa-
tients can help them define symptoms that affect activi-

ties, make sense of these symptoms in personal contexts, 
and gauge the degree of change that they need to make to 
experience meaningful change in their lives [31].

Assessment data obtained through self-reported and 
objective means may sometimes diverge, as symptom rat-
ings may not correlate with quality of life or daily func-
tioning [32]. This should not be viewed as a disadvantage 
but as a strength. The goal should not be to replace cur-
rent measurement standards, but to comprehend ways in 
which new digital measures can augment traditional 
(self-report) measures to form a more wholistic, patient-
centered clinical picture [33]. It is possible that combin-
ing data types may capture different elements of the dis-
ease experience and progression [2] and may point the 
way to more precise intervention targets [2]. At a popula-
tion level, gathering objective data in combination with 
self-reports can enhance data mining to gain a greater 
contextual understanding of the course of psychiatric ep-
isodes, disorder phenotypes, and the effects of medica-
tions and therapies [34].

Are there additional technologies that can be lever-
aged? Traditionally, measurement-based care was imple-
mented through paper-and-pencil but now is generally 
available through “digital measurement feedback sys-
tems” [35]. Computerized administration not only 
streamlines the assessment process (often only 5 min) but 
allows comparison of patient data to Expected Treatment 
Response curves (empirically derived displays of the one’s 
predicted treatment progression based on available nor-
mative data) [36]. Additional components may include 
patient treatment engagement/satisfaction/alliance as-
sessments and critical event alerts (for example, suicidal 
ideation).

As seen in Figure 1A, the clinician is conducting as-
sessments with a patient within the clinical encounter, 
offering no feedback. The process begins and ends with 
the clinical encounter, limiting observations and data 
points. The collection of data occurs in the treatment set-
ting, which is not representative of the patient’s daily rou-
tine. The assessment process is initiated and driven by the 
clinician. Figure 1B depicts traditional measurement-
based care, which improves on this process by incorpo-
rating clinician feedback about assessment results. How-
ever, the nature of the assessment process is limited by its 
tethering to clinical sessions. In both 1A and 1B the pa-
tient is evidencing clinical improvement but this is based 
solely on self-reported assessments. Figure 1C expands 
self-reported assessments and incorporates the collection 
of passive data outside beyond the office. In this scenario, 
there are more opportunities for self-reported data collec-
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tion between sessions with the addition of passive moni-
toring in the form of activity and sleep tracking. This can 
be accomplished through digital feedback systems or oth-
er technology-based platforms, for example, through an 
API, or application programming interface. In essence, 
this allows multiple forms of experience sampling that 
can provide a richer understanding of patient functioning 
in the real world. These data points may or may not con-
verge. For example, the example above shows that Self-

reported depression and activity levels appear to be im-
proving, but progress on sleep is lagging behind. The re-
lationships between these functional areas and symptoms 
can be processed and discussed by clinicians and patients 
in treatment sessions. With this enhanced measurement-
based care model, there are new opportunities to move 
assessment beyond the office and construct a more accu-
rate picture of patients’ functioning in their natural set-
tings. However, the use of measurement-based care-

Fig. 1. Enhanced measurement-based care with integrated digital metrics.
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based feedback is the essential ingredient in enhancing 
the therapeutic relationship through digital data.

Telemental health offers an additional technology tool 
for moving patient measurement beyond the office. The 
COVID-19 pandemic has triggered dramatic changes in 
mental health service delivery, with many clinics and 
practices around the country shifting from virtually no 
telemental services to almost exclusive use of these ser-
vices within the span of months [37]. Because many clini-
cians have overcome initial trepidation and technology 
aversion, the presence of these platforms in clinical of-
fices provides an opportunity for the introduction of en-
hanced measurement-based care to traditional videocon-
ferencing applications. On the patient side, the broad 
ownership of smartphones and desktop computers allows 
integration of digital measurement and measurement-
based care-based feedback systems with at-home tele-
mental health.

The assessment process does not seem to suffer from 
remote administration, as empirical studies have found 
an equivalence between face-to-face and videoconfer-
ence-based assessments [30]. This addresses major mea-
surement-based care implementation barriers – speeding 
delivery of assessments to patients, reducing strains on 
the clinical workflow, mitigating organizational and staff-
ing challenges caused by on-site implementation of mea-
surement-based care, and addressing systemic needs by 
expanding treatment access. Such integration reinforces 
assessment as part of the treatment experience, assures 
that data will be collected on a regular basis, and avoids 
the complications with setting up an office workflow to 
accommodate assessments.

The expansion of telemental health has revealed addi-
tional clinical benefits that may further enrich clinical 
measurement. Assessment that takes place in conjunction 
with in-person session attendance may be adversely af-
fected by no-shows, cancellations, and other scheduling 
disruptions. Preliminary data indicate that telemental 
health reduces no-show rates [37], which broadens oppor-
tunities for data collection. Telemental health also enables 
greater access to and assessment with patients who are 
experiencing conditions that hinder in-person visits – se-
vere anxiety, immobilizing depression, agoraphobia, and 
obsessive-compulsive behavior [37]. Administering as-
sessments while a patient is in the waiting room may or 
may not be a representative indicator of a patient’s clinical 
status. The conduct of sessions while patients are in their 
natural environments provides an opportunity for more 
direct engagement between their health data and sur-
roundings. In addition, anecdotal reports by mental health 

providers have revealed that telemental health introduces 
additional assessment information through direct clinical 
observation of the stability and organization of patients’ 
home environments [6, 37]. Leveraging measurement-
based care-based videoconferencing is more than a con-
venience and good treatment will require agile models of 
technology-based assessment.

Implications of an Enhanced Measurement-Based 
Care Model

What would an enhanced model of measurement-
based care mean for frontline clinical care? In these dis-
cussions, the issue of access always arises. Recent tele-
medicine data indicate that even with the pressure for 
greater mental health treatment access during the CO-
VID-19 epidemic, there has not been a corresponding in-
crease in digital health usage (telehealth, wearables, track-
ers, etc.) among underserved groups – rural, 55 and older, 
and underserved individuals [38]. Access issues persist, 
but there has been an assumption that these groups are 
disinterested in digital technology. Studies indicate that 
underserved groups are motivated to adopt technology 
and improve digital health literacy, but technology appli-
cations need to address the individualized needs of users 
[39]. The key in assuring clinical assessment value for pa-
tients (and clinicians) may be in the selection and rele-
vance of real-world outcome metrics [31]. Shared deci-
sion-making, communication about data security, and 
attention to patient privacy are ultimately the critical fac-
tors in digital medicine success [40]. Utilizing the patient-
centered approach described here along with a broader 
array of real-world metrics offers greater potential for pa-
tient engagement.

Ultimately, a more expansive model of measurement-
based care is important in assessing and improving qual-
ity of care. The lack of patient outcomes monitoring en-
genders a variety of significant costs and financial ineffi-
ciencies. These may include under- or overtreatment of 
patients, poor therapist matching, and inadequate re-
sponses to clinical deterioration (thus leading to longer 
and more expensive services). Patients perceive these in-
efficiencies, as they may feel that treatment involves 
“spinning their wheels” through examination of past his-
tory and problem insight rather than accomplishing im-
mediate goals [41]. Patients, clinicians, and payors all 
benefit from quantitative evidence that treatment is 
working, and if not, what appropriate corrective respons-
es will be undertaken. Patients who have access to clini-
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cians’ outcome track record information agree that such 
information enhances the referral process and can im-
prove mental health outcomes [42]. Accurate data may 
help clinicians, practices, and health systems serving 
challenging mental health patients from being unfairly 
penalized [19]. Using measurement-based care data to 
deploy clinicians based on their strengths rather than 
availability, preference, experience, or other non-out-
come related factors may produce better outcomes is less 
time [43, 44]. Continuing education resources, often lim-
ited by tight budgets, can be better targeted to meet the 
needs of the organization and individual clinicians. Such 
feedback optimizes training and continuing education 
resources and does not hamper clinical outcomes or 
dropout rates of patients who are on track [22]. It is not 
unusual to have adverse events in mental health due to 
case mix, etc., but clinicians’ responses and resulting 
treatment adjustments based on these outcomes [addi-
tional consultation or referring to higher levels of care] 
should be a focus [45]. As innovative digital assessment 
technologies improve, patients, clinicians, and payors can 
all benefit from greater measurement precision.
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