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There is a broad consensus that the commonly used
clinician-administered rating scales for assessment of neg-
ative symptoms share significant limitations, including
(1) reliance upon accurate self-report and recall from the
patient and caregiver; (2) potential for sampling bias and
thus being unrepresentative of daily-life experiences; (3)
subjectivity of the symptom scoring process and limited
sensitivity to change. These limitations led a work group
from the International Society of CNS Clinical Trials
and Methodology (ISCTM) to initiate the development
of a multimodal negative symptom instrument. Experts
from academia and industry reviewed the current methods
of assessing the domains of negative symptoms including
diminished (1) affect; (2) sociality; (3) verbal communica-
tion; (4) goal-directed behavior; and (5) Hedonic drives.
For each domain, they documented the limitations of
the current methods and recommended new approaches
that could potentially be included in a multimodal instru-
ment. The recommended methods for assessing negative
symptoms included ecological momentary assessment
(EMA), in which the patient self-reports their condition
upon receipt of periodic prompts from a smartphone or
other device during their daily routine; and direct inference
of negative symptoms through detection and analysis of the
patient’s voice, appearance or activity from audio/visual or
sensor-based (eg, global positioning systems, actigraphy)
recordings captured by the patient’s smartphone or other
device. The process for developing an instrument could re-
semble the NIMH MATRICS process that was used to

develop a battery for measuring cognition in schizophrenia.
Although the EMA and other digital measures for negative
symptoms are at relatively early stages of development/ma-
turity and development of such an instrument faces sub-
stantial challenges, none of them are insurmountable.

Key words: schizophrenia/negative symptoms/remote
measurement/rating  scale/digital measures/ecological
momentary assessment

Introduction

Negative symptoms are strongly related to functional
outcomes and quality of life in patients with schizo-
phrenia, and their treatment represents an important
unmet need.! In phase 3 clinical trials with schizophrenia
patients with predominantly negative symptoms, at-
tainment of robust placebo-drug separation has been
challenging, and no pharmacological treatments have,
to date, clearly demonstrated effectiveness.! Factor
analyses suggest that negative symptoms can be broadly
categorized as diminished expression and avolition/ap-
athy and further subdivided into 5 domains representing
reductions in affect, sociality, verbal communication,
goal-directed behavior, and hedonic drives.!” Among the
challenges for the development of new therapies is the
possibility that these domains are underpinned, at least
in part, by alterations in different neural circuitry and
neurotransmitters and that bespoke pharmacological
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interventions may be required to treat them optimally.
Currently, available measurement tools for the assess-
ment of these domains have significant limitations or are
in early investigational stages.’

The most used clinician-administered rating scales
for assessment of negative symptoms are the Marder
negative factor derived from the Positive and Negative
Syndrome Scale (PANSS), the Negative Symptom
Assessment-16 (NSA-16), the Brief Negative Symptom
Scale (BNSS), and the Clinical Assessment Interview for
Negative Symptoms (CAINS).#!" All have favorable psy-
chometric qualities, however, as shown in table 1, they
differ markedly in their approaches to measuring the 5
currently recognized domains of negative symptoms.
Moreover, all share significant limitations, including (1)
reliance upon accurate self-report and recall from the
patient and caregiver; (2) potential for sampling bias in
that patients’ responses may be influenced by the office
environment and their relationship with the interviewer
and thus may not be representative of behavior in daily
life; and (3) subjectivity of the symptom scoring process
which involves weighing and integrating potentially con-
tradictory reports from the patient and informant and di-
rect observation.

In recognition of the issues with the current clinician-
administered rating scales, the Negative Symptoms Work
Group of the International Society of CNS Clinical
Trials and Methodology (ISCTM) convened in February
2023 and reached a consensus that the time was right
for the development of a new multimodal instrument
for evaluation of negative symptoms. There was agree-
ment among the attendees that remote monitoring might
have the potential to overcome many of the limitations
of the clinician-administered rating scales in the evalua-
tion of negative symptoms. It was noted that, to date, no
modalities for remote assessment of negative symptoms
have been validated to the extent that they would be ac-
ceptable as primary outcome measures in registration clin-
ical trials. The current primary investigational modalities
for remote assessment of negative symptoms are ecolog-
ical momentary assessment (EMA), in which the patient
self-reports in multiple domains upon receipt of periodic
prompts from a smartphone or other device during their
daily routine; and direct inference of negative symptoms
through detection and analysis of the patient’s voice, ap-
pearance, or activity by way of the patient’s smartphone
or other device. The committee expressed optimism that
compared to clinician-administered rating scales, fre-
quent assessment using these modalities in the patient’s
own environment could have the potential to reduce the
risk of recall error, reduce bias from face-to-face inter-
action with the investigator and the office environment,
reduce reliance on the subjective judgment of the investi-
gator, and potentially identify new treatment targets.

Subsequently, volunteers from the committee, including
representatives of academia and the pharmaceutical
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industry, met by teleconference over the course of 2023 to
(1) critique how each of the recognized domains of nega-
tive symptoms (table 1) are currently measured; (2) discuss
the limitations of the current methods in measuring each
domain; (3) suggest newer approaches to measuring each
domain; and (4) make recommendations for measuring
each domain in a new multimodal instrument. Those
findings were presented in summary form to the Negative
Symptoms Work Group of the International Society
of CNS Clinical Trials and Methodology (ISCTM)
convened in February 2024. The results of those proceed-
ings are described below.

Diminished Affect

Current Assessment Methods

Affect involves the use of nonverbal behavioral expression
to share information between people, such as through fa-
cial expression, vocal modulation, head and hand move-
ment, and other body-expressive gestures.!” In clinical
practice, blunted affect is primarily detected through 3
methods: interactions with a trained professional during
an unstructured mental status exam, structured clinical
interviews and rating scales, and information collected
with performance-based (eg, Social Skills Performance
Assessment) tests. The latter 2 approaches are generally
considered to offer face validity and acceptable psycho-
metrics for differentiating gross abnormalities in affect.
Patients with negative symptoms are generally rated as
having deficits in affective expression on the order of 2-4
SDs compared to patients without negative symptoms
and nonpsychiatric controls.”®> These ratings tend to
be stable over extended observation periods and are
correlated with various measures of functioning, treat-
ment response, and prognosis.'*!* Additionally, several
self-report measures of emotional expression exist; and
many self-report measures of clinical high-risk psy-
chosis and schizotypy include measures of “constricted
affect.”16-18

Limitations to Current Methods

As with other current measures of negative symptoms,
affective assessment requires significant resources from
both patients and researchers, often has questionable
ecological validity generalizing to behavior beyond the
clinical interview, and is prone to biases both within and
between raters. An additional challenge involves the re-
ality that affective expression is highly dynamic both
within people and between them.'*? For this reason, nor-
mative data is lacking for interpreting patient behavior;
particularly given that what is considered appropriate
affect varies considerably across settings and cultures.
Evaluating affect from a phone call to tech support would
require very different considerations compared to when
an individual converses with a friend at a restaurant,



Table 1. Construct and Item-Level Comparison

Rationale and Challenges for a New Instrument

PANSS Neg-
Domain ative PANSS Marder NSA-16 BNSS CAINS Method
Diminished Blunted affect Blunted affect — Affect: reduced Facial expression Facial expression Observational
affect modulation of Vocal expression Vocal expression
intensity Expressive gestures Expressive gestures
Emotion: reduced Reported
range
Affect: reduced Observational
display on demand
Diminished Emotional Emotional Observational
sociality withdrawal withdrawal
Poor rapport  Poor rapport Poor rapport with Observational
interviewer
Passive/apa- Passive/apa- Reduced social Asociality behavior Reported
thetic social thetic social drive
withdrawal withdrawal
Asociality internal Reported
experience
Family relationships
Friendships
Frequency of past pleas-
urable social activities
Frequency of expected
pleasure from social
activities
Active social
avoidance
Sexual interest
Diminished Lack of spon- Lack of spon- Spontaneous elabo- Observational
verbal commu- taneity and taneity and flow ration
nication flow of con- of conversation
versation
Prolonged time to Observational
respond
Restricted speech  Quantity of speech Quantity of speech Observational
quantity
Impoverished Observational
speech content
Inarticulate speech Observational
Vocal expression Vocal expression Observational
Diminished Reduced sense of Reported
goal-directed purpose
behavior and
interest
Reduced interest Reported
Reduced daily Avolition behavior Hobbies recreation Reported
activity pastimes
Poor grooming Observational
and hygiene
Diminished Frequency of pleasure Frequency of pleasure

from recreational ac-
tivities

hedonic drives during activities

Intensity of pleasure

during activities
Motivation for work
school activities
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Table 1. Continued

PANSS Neg-
Domain ative PANSS Marder NSA-16 BNSS CAINS Method
Frequency of expected
pleasure from voca-
tional activities
Intensity of expected  Frequency of expected
pleasure from future  pleasure from recrea-
activities tional activities
Avolition internal ex-
perience
Motor retarda- Slowed movements Observational
tion
Distress Reported
Difficulty Observational
in abstract
thinking
Stereotyped
thinking

responds to accusations by a police officer, or texts with a
case manager. Moreover, affective expression occurs on a
highly momentary scale, often seconds. Rating scales are
not attuned to such changes and considerable information
is potentially lost when ratings are based on observations
over an extended period of time (minutes, hours). Hence,
a clinical rating, even while seeking specificity, provides
little information about when, where, and how affective
expression is abnormal.”” For example, one cannot de-
construct a clinical rating to reveal that a patient, during
a 30-min clinical interview, was diminished in expressing
happiness and anger but exaggerated in expressing fear
and sadness. Although the rating would likely be accu-
rate in the hands of a skilled clinician the complexity and
richness of the underlying observations would not nec-
essarily be discernable from the anchor point selected.
Similarly, clinical rating scales specifically targeting neg-
ative symptoms might have difficulty parsing out that a
patient was relatively normal in the number, and dura-
tion of their facial expressions, but that the convergence
of their expressions was dis-coordinated and ineffectual.
Noting the disorganization could require a more compre-
hensive rating scale such as the PANSS where it would be
scored on a different item. This type of sensitivity is crit-
ical for understanding potential mechanisms underlying
diminished affect and for reducing mechanistic heteroge-
neity associated with them.

Newer Approaches to Measuring Diminished Affect

Newer approaches to measuring affect involve objective
behavioral analysis, including vocal acoustic, video fa-
cial, and movement analysis using wearable, mobile, and
phone sensors. Although many of these technologies
have existed, and have been wused to wunderstand

Page 4 of 20

psychopathology for decades, peer-reviewed publications
employing them to understand negative symptoms have
increased dramatically in the last decade. This, in part,
reflects the explosion in the availability of inexpensive
recording and sensing technologies, and at least two
studies to date have employed audio and video from
mobile phones to capture affect of clinically rated neg-
ative symptoms. A meta-analysis of studies employing
acoustic analysis of patient speech has found that, in at
least some studies, clinically rated negative symptoms are
associated with less variability in pitch and volume and
various other aspects of natural speech.!*?! Similarly, a
handful of studies have demonstrated convergence be-
tween clinical ratings of negative symptoms and various
features from computerized facial and head analysis.?>
From this literature, it is well established that individuals
with schizophrenia, particularly those with pronounced
clinically rated negative symptoms, show deficits of fa-
cial expression of positive and prosocial emotions. It is
also well established that clinically rated blunted affect is
associated with increased facial expression of unpleasant
emotions in many of these studies.?>* Finally, it is fairly
well established that acoustic features collected from
speech sampling are inconsistent in their relation to clini-
cally rated negative symptoms across studies.!*

Recommendations for Measuring Diminished Affect in
a New Instrument

Implementing objective measures of affect provides
unique opportunities for improving negative symptom
assessment and could complement clinical decision-
making by providing objective information about
patients during clinical interviews. It can also potentially
expand assessment by tracking patients while navigating



their daily routines; eg, using audio/video diaries. In
theory, these measures could provide detailed informa-
tion about patients’ expressiveness; and this informa-
tion could be processed and returned in near real-time.
However, interpreting this information is a significant
challenge given that affective expression in natural-
istic environments is highly dynamic both within people
and between them. While it is reasonable to evaluate an
individual’s expressiveness using these technologies, it is
not clear at this time how to determine whether this ex-
pressiveness constitutes a clinical concern or clinically
relevant blunted affect. Developing automated solutions
for interpreting these data is a complex, but eventually
critical, endeavor.

Specific Recommendations

Objective technologies can be used to quantify affective
deficits from audio/video recordings. These technologies
are more developed for detecting facial, rather than vocal
or gestural expressions; though solutions for these have
demonstrated proof of concept. As with alogia, blunted
affect has primarily been assessed while interacting with a
professional during a dyadic exchange. While it is unclear
to what degree a clinical professional is needed for this, it
does seem important that observations be collected from
patients engaged in an activity that elicits prosocial be-
havior to a meaningful degree. For applications where
exchanges with a live human are not feasible, a virtual
agent might suffice. It will be important to optimize this
agent, and the circumstances around interacting with it,
such that prosocial behavior is elicited.

Diminished Verbal Communication

Current Assessment Methods

Verbal communication involves the use of systematic
language to share information and is key in the clinical
evaluation of negative symptoms. Measurement occurs
across multiple components of language: including pho-
nological, morphological, syntactical, semantic, and
pragmatic levels, and there is evidence that abnormalities
in verbal communication occur across each of these levels
as a function of negative symptoms.”>*” For example,
people with negative symptoms are more likely to have
decreased speech production, use simpler and shorter
phrases, make more syntactic errors, and use more word
approximations and repetitions. Semantically, their spon-
taneously produced language tends to have fewer ideas,
fewer emotion-related words, and more first-person sin-
gular pronouns.? 2 In clinical practice, these impairments
are primarily detected through 3 methods: interactions
with a trained professional during an unstructured
mental status exam, standardized clinical interviews and
rating scales, and standardized clinical neuropsycholog-
ical tests (eg, verbal fluency tests) and performance-based

Rationale and Challenges for a New Instrument

(eg, Social Skills Performance Assessment) assessments.
Collectively, these approaches offer face validity and ac-
ceptable psychometrics for their intended purposes.

Limitations to Current Methods

There are key limitations to current methods. First, current
methods require significant resources from both patients and
researchers and generally require face-to-face interactions.
Second, their ecological validity for understanding verbal
communication is questionable, as it is unclear whether
language samples elicited or measures used in research or
clinical settings generalize to outside settings. Third, many
current methods are agnostic to underlying mechanisms
and unable to help disentangle whether anomalies reflect
idiopathic (eg, cognitive, motivational) vs secondary (eg,
depression, paranoia, medication side effects) causes. This
is important as one considers that negative symptoms, and
their response to interventions, are mechanistically hetero-
geneous. Fourth, most measures provide ordinal data with
limited ranges that are insensitive to change, and hence, far
from ideal for clinical trials.?® Fifth, it is unclear that current
measures tap elements of verbal communication that are rel-
evant to a patient. Traditional methods by-and-large are not
capturing verbal communication examples from patients as
they navigate their daily routine (eg, texting, calling a friend
on the phone, and communicating by social media), which
may be more central to a patient’s recovery. Sixth, many
current methods are not deliberately attuned to cultural
differences in communication, and hence, may be culturally
insensitive for some applications.*®*! In sum, there is a need
to bring greater sophistication, sensitivity, and objectivity to
the measurement of verbal communication measures.

Newer Approaches to Measuring Diminished Verbal
Communication

There is a growing interest in using objective language
and speech analysis to measure negative symptoms. This
involves a suite of methods based on acoustic vocal anal-
ysis and Natural Language Processing (NLP) technologies.
NLP approaches vary from basic text extraction and
analyses (eg, text searches and word counts; identification
of negative mood words), to highly sophisticated mod-
eling from large corpora.'®*?3* In the past decade, signifi-
cant advances have been made in large language modeling
such that they can quantify aspects of verbal communi-
cation in fairly sophisticated ways. Proof of concept for
measuring negative symptoms has been demonstrated in
dozens of studies to date. For example, meta-analyses have
reported relatively sizable relationships between clinically
rated negative symptoms and increased pause times, fewer
words being spoken, and slower speech rate.'*?! Clinically
rated negative symptoms have also been associated with
language anomalies more broadly, including reduced use
of positive emotion and increased use of negative emo-
tion words, reduced lexical diversity, reduced semantic
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complexity, fewer ideas, and unusual pronoun use.?*?

These relationships are observed across methods, eg, using
in-person interviews and conversations, monologues,
phone conversations, and performance-based tests.?>3>3
The use of machine learning to optimize the prediction of
clinically rated negative symptoms has also been conducted
in a handful of studies to date, with accuracy rates some-
times exceeding 90%.% Other methods, such as using am-
bient acoustics and electronic health records mining, have
also been recently employed, with encouraging prelimi-
nary findings.’¢’

Recommendations and Challenges for Measuring
Diminished Verbal Communication in a New Instrument

There are several ways that new measures of verbal com-
munication can likely contribute to negative symptom as-
sessment. Speech from clinical interviews and interactions
can be recorded and automatically processed in a way
that could complement clinical decision-making, hence
making it more comprehensive and potentially more
efficient. Speech-to-text recognition systems that tran-
scribe digitally recorded speech are widely available, in-
expensive, highly accurate, developed for a wide range of
languages, and can be applied to in-person clinical ses-
sions as well as remote interviewing and telepsychiatry.
A reasonable application is that these technologies could
serve as a reference for clinicians evaluating the severity
of alogia. With sufficient data, interpretive norms could
be developed. Similarly, speech analysis can be paired
with existing neuropsychological tests to help automate
administration and complement verbal fluency, verbal
memory and working memory, vocabulary and other
verbal, and other language-related abilities. The advent
of self-administered mobile neuropsychological testing,
deployed using automated applications on smartphones,
reflects an innovation from the last decade that can help
expand the reach of negative symptom testing.??

There are other ways that novel verbal communica-
tion technologies could improve negative symptom as-
sessment, though these are a bit more speculative. For
example, “generative” Al (eg, ChatGPT, Bard, and
Gemini) can be used to evaluate patient language, pro-
viding ratings that are similar, at least in structure, to
clinical ratings based on existing rubrics (eg, from the
BNSS). For example, a transcript of patient speech could
be fed to a Gen Al system with a well-described rating
rubric, comprehensive instructions, and exemplars.
From this, GenAl could provide ratings resembling
those from the CAINS or BNSS. The reliability and va-
lidity of this approach, to the best of our knowledge,
have yet to be established. This could expedite the clin-
ical evaluation of patients and expand language anal-
ysis beyond that observed in the clinical setting. Verbal
technologies can also be used to develop avatars for au-
tomated administration.
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However, there are challenges associated with
implementing speech technologies for these applications.
Very little is known about the reliability of verbal speech
measures, and it is unclear the degree to which cross-
sectional measurement picks up on aspects related to
negative symptoms versus individual differences such as
demographics, education level, global cognitive ability,
and engagement.”? Given that negative symptoms are
associated with a generalized deficit in schizophrenia,
disentangling this issue is no small feat, and is particu-
larly important if the objective technology will be used to
capture change over short periods of time (eg, as an end-
point in a clinical trial). Moreover, individual language
approaches are highly idiosyncratic, and the features em-
ployed in various studies are not identical or even com-
parable despite the use of similar names. A measure of
“language complexity” may be derived using very dif-
ferent approaches and engineering parameters. A related
challenge involves transparency and replicability across
measures. While many simple NLP solutions employ trans-
parent and replicable methods and technologies (eg, text
searches using predefined word stems), online solutions
using LLMs are often proprietary and inaccessible to
clinicians, researchers, or regulators. Moreover, their de-
velopment is increasingly being automated and governed
by Al and thus these LLMs are constantly changing in
a way that is difficult to audit. Hence, results can change
dramatically over even a short period of time. Even if
the algorithms underlying LLMs could be accessed and
interpreted, they are constantly changing in such a way
that complicates evaluation and regulation.®® Finally,
there are many professional, legal, and privacy issues that
have yet to be resolved or even realized. Applications with
financial or legal consequences or that require regulatory
oversight will likely take time to develop.

Specific Recommendations for Measuring Diminished
Verbal Communication in a New Instrument

Objective technologies have evolved sufficiently that
they can be used to quantify verbal communica-
tion deficits and alogia from audio recordings. While
the latter can be evaluated using structured texts and
delineated topic speech samples, the former is prima-
rily evaluated while interacting with a professional, eg,
during a semistructured clinical interview. This is likely
an important component of the assessment procedure,
as the socio-cognitive demands placed on a patient
may reveal alogia that may otherwise be less obvious.
Objective alogia assessment can be used in complement
to traditional “face-to-face” interviews. However, for
applications where a live human interviewer is not avail-
able, a virtual agent should be considered. It is unclear
whether a virtual agent can effectively reveal alogia in
this regard; and as such, this remains an important ques-
tion for future research.



Diminished Sociality

Current Assessment Methods

Current measures of diminished social interest are based
upon structured interviews which rate the extent to which
individuals desire, seek out, enjoy, initiate, and engage/
persist in social activity with others.!!!43%40 Ratings are
based upon the report of the patient and often collateral
information from an informant. Raters must ask suffi-
cient questions to identify the nature of relationships and
the interactions described. Raters must also examine the
reasons behind limited socialization to ensure that neg-
ative symptoms rather than paranoia, social anxiety, or
limited resources are the primary factors underlying the
symptoms.

Limitations of Current Methods

In all currently used interview measures of socializa-
tion for negative symptoms, the data are subject to re-
call bias on the part of the patient and any informant.
All interviews rely on memory of events in a popula-
tion in which memory has been shown to be impaired.*!
The longer the recall period, the more likely it is that
inaccuracies are present in the individual’s recall.

The definition of a social relationship can be in ques-
tion. It is often unclear what is a “friend” as many in-
terview participants list case managers and other
treatment providers as their friends. Moreover, interview
participants may view interactions with storekeepers
and other casual acquaintances as social interactions be-
cause these can be the only individuals seen by the person
during daily activity. Individuals being interviewed often
appreciate the interactions with a case worker or store
employee but these individuals would not reciprocally
designate the patient as a friend.

Considering social media as a “social” activity also
requires additional definition. Some recent studies sug-
gest that higher social media use correlates with higher
social isolation while other studies have suggested a rela-
tionship with paranoia.** Different uses of media, such
as scrolling through vs interacting on applications such as
Facebook may represent different levels of socialization.

Newer Approaches to Measuring Diminished Sociality

There are digital tools that are capable of examining
some dimensions of socialization at a variety of dif-
ferent levels. EMA has been used to query participants
about basic elements of social functioning, including
asking if they are alone or with others and if what they
are doing when with others involves what could be seen
as a social engagement with the other person.*** Such
assessments can be scheduled to occur multiple times
during the day, over periods of weeks or months. While
this approach can capture social context and the extent

Rationale and Challenges for a New Instrument

to which individuals are engaged in social behavior, the
quality and depth of relationships would need to be
assessed with additional queries, such as satisfaction with
and perceived competence in the interaction or even the
influence of concurrent mood states.*®#” The reciprocal
nature of “friendship” remains hard to discern. EMA
methods also query the dimension of desire for social
relationships, studies have begun to examine social ap-
proach and avoidance motivation as well as querying
whether a proximal interaction increased motivation to
engage in the future.®®* Specific queries could be devel-
oped to identify active social avoidance which is driven by
mood states, social anxiety, suicidal ideation, or paranoia
compared to negative symptoms. A potential variation of
EMA is a structured assessment at the end of random
days with questions regarding socialization. Patients
can respond to written queries or avatars, recording
their answers in either video or text format for later as-
sessment. Ward et al demonstrated the effectiveness of
using avatars in treating hallucinations in schizophrenia,
suggesting that this approach can be applied to this popu-
lation.* This strategy would utilize face-to-face dialogue
between the patient and a digital representation (avatar)
of the interviewer. If successful it would eliminate the re-
call issue with infrequent in-office assessments and may
produce data that more closely resembles the assessments
currently used in clinical trials. The avatar would need to
be programmed to use appropriate probes to uncover the
necessary data. Scoring would still have to be completed
later by a trained judge. The inclusion of the avatar in the
process would be considered tentative pending validation
against written prompts or a live interviewer.

Some passive methods of data collection such as geolo-
cation could be used to identify the size of networks asso-
ciated with a particular patient and map that network.>!-?
Additional passive methods could be examining traffic
by the individual on gaming and social media platforms,
examining the number of text messages to friends, etc.
Specific algorithms for understanding these data would
need to be developed and tested. Rehki et al found that
lower social media use was correlated with reduced so-
cialization on the CAINS MAP asociality score.* In ad-
dition to the methods identified above, ambient acoustics
programs could “listen” at random times for the back and
forth between the participant and another person as an
indicator of conversation.

Recommendations for Measuring Diminished Sociality
in a New Instrument

Identifying the factors in diminished socialization that
are the most indicative of negative symptoms and a dig-
ital assessment strategy that combines methods to get at
these factors will take significant amounts of research.
EMA and daily diaries at the end of the day are strategies
that could be used almost immediately to assess this
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domain of functioning. Queries would need to be altered
to identify reasons underlying problems with socializing
including sadness, anxiety, and positive symptoms of
psychosis. Some current interview-based approaches are
designed to distinguish active from passive social with-
drawal but may not do enough to eliminate social anxiety
and other reasons for problems with socialization. An
avatar or EMA could be configured to do this and, as
noted above, the ability of EMA to capture current, an-
tecedent, and consequential mood states can clarify these
influences in a way that would be impossible to capture
in any interview. Data regarding the relationship between
socialization measures derived from EMA or an avatar in-
terview would need to be compared to currently validated
measures from negative symptom assessments. Both con-
vergent and discriminant validity should be examined by
comparing the novel measure to existing rating scales of
negative symptoms and diminished socialization, as well
as measures of mood states, fear, and paranoia, all of
which contribute to the frequency of socialization. More
passive measures such as ambient acoustics, examining
social media and text activity, or geolocation would need
much more time to be developed, standardized, and un-
derstood as indicators of sociality for a novel measure
of negative symptoms. The use of these passive measures
would hinge on research understanding their meaning in
the context of negative symptoms of schizophrenia.

Diminished Goal-Directed Behavior

Commonly referred to as avolition, amotivation, or ap-
athy, reduced goal-directed behavior is a central feature
of negative symptoms. Reductions are seen in social ac-
tivities and productive activities including education and
vocational engagement.** As social activities and hedonic
drives are described in separate sections, the focus here
will be on the nature of reduced activities and their sub-
jective correlates.

The observable behavioral symptoms of avolition in-
clude being home, alone, and engaging in sustained un-
productive activities, including sitting, sleeping, resting,
or doing nothing. The stereotype of the individual with
negative symptoms sitting by themselves in front of the
television for hours on end has been unfortunately con-
firmed with observational data collected with EMA.>

Consequences of reduced activity accrue though
decrements in accomplishment in educational attainment
and seeking and sustaining employment. In individuals
whose symptoms develop during college, a common
course is failure to return to school and gradual atrophy
in interests, activities, and self-care to the point where
they may require direction to perform basic tasks.

Other consequences of avolition include reductions
in motivation to perform other tasks, such as shopping
and cooking, leading to alterations in dietary habits such
as subsisting on fast food.* Also, reduced motivation
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is correlated with reductions in physical activity, such
as walking or even standing, which can lead to health
problems.*

Another important feature of avolition is that reduced
motivation is defined as originating internally and is not
due to reduced opportunities or moods. Another element
of negative symptoms, lack of normal distress, com-
monly covaries with avolition.” Someone with no friends,
no money, and no daily activities, while completely un-
troubled by their situation, is the prototype. This lack of
distress sustains avolition by eliminating the “negative
reinforcement” motivation to control sadness or anxiety
through positive activities.

Current Assessment Methods

Interview-based strategies are used to assess avolition.
As individuals with schizophrenia often struggle with
awareness of their own behavior, contacting informants
is a common practice.”” The quality of information
coming from informants is quite variable, as described
below. Further, many rating scales require normative
considerations when generating ratings: “The ‘normal’
reference population against which the subject is to be
compared is a young person in their twenties without
schizophrenia” (NSA-16).® The NSA excludes poten-
tially bias-prone assessment strategies such as attempts
at longitudinal comparisons within an individual, which
are challenged by response biases and poor information.
Subjective avolition can only be obtained by self-report,
but the level of complexity of these judgments is reduced
compared to making more complex judgments of compe-
tence, such as “How good are you at work-related tasks?”
or subjective judgments of social competence. Finally,
lack of normal distress is intrinsically a self-reported
symptom. Rating scales targeting this feature simply
query the level of subjective distress and index that to the
level of potential distress-producing factors that exist in
the individual’s life (unemployment, isolation, etc.).

Limitations of Current Methods

Self-reports are challenging in schizophrenia and avolition
is no exception. The primary origin of the challenge is
not clear, but failures in recall, and response biases such
as “hyperfocusing,” are certainly candidates.”® In the
hyperfocusing case, the individual may have extraordi-
nary performance in concentration, encoding, and recall
of certain information (such as self-generated delusional
ideation), but may not focus on other important elements
of their situation. The result is that the participant cannot
provide an accurate self-assessment of certain elements
of their functioning because they never noticed it.

A major challenge resides in the requirement of some
scales to rate competence. The less experience an indi-
vidual has, the less information they will have to generate



an accurate self-assessment. An individual who has never
worked will have very limited information to estimate their
vocational competence, with resulting responses based on
a guess or a dominant response bias. For example, studies
found that people with schizophrenia who had never been
employed tend to rate their vocational abilities higher
than those who are currently employed.®® Additionally,
participants who consistently stay at home alone tend to
rate their social abilities as superior compared to those who
frequently spend time with others outside of the home.*!
Certain informants, such as case managers or
mental health technicians, who have regular contact
with patients and focus on their functioning, provide
functioning ratings that are remarkably well-correlated
with indices of competencies.®> On the other hand, friend
or noncaregiver relative informants provide informa-
tion that can be uncorrelated with patients’ reports and
performance.® Given that many clinical trials requiring
informants have quite liberal definitions of contact with
participants, these strategies can be challenging.

Newer Approaches to Measuring Diminished Goal-
Directed Behavior

There are digital phenotyping strategies presenting
alternatives to interview-based assessments, covering all
elements of goal-directed behavior. These strategies in-
clude active surveys with EMA, which can sample lo-
cation, social context, activities, and mood states, the
intersection of which can parallel interview questions,
but collected on a momentary basis. Passive strategies
such as GPS can identify whether a participant is home
or away, how long they are away when they leave, and
can determine if someone is walking versus riding in a
car, bus, or streetcar. Finally, smart band strategies can
quantify activity, as well as sleep, thus providing a direct
assessment of reduced activity and daytime sleep.

One of the appealing features of EMA is simplicity
in the collection of outcome variables. Home vs away
and alone vs with someone is a dichotomous quantifica-
tion with direct relevance to goal-directed activities. This
simple quantification also allows for the development of
customized follow-up surveys that sample activities based
on the contemporaneous intersection of home alone,
home and with someone, or away. These surveys reduce the
burden and likely increase cooperation by omitting irrele-
vant questions, such as counting social interactions when
alone or asking about outside activities when at home.

Subjective elements of avolition are easily assessed
with EMA, including some aspects that may not be trans-
parent. It has been found that participants with bipolar
depression currently engaging in unproductive activities
report more sadness than when engaging in productive
ones.* In schizophrenia, the connection between sad
moods and other elements of functioning measured with
EMA seems weaker.® However, querying activities first
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and moods second does not reveal that the questions are
about connections between current moods and quality
of activities. Participants who were home and alone for
more than 90% of daytime surveys reported no sadness
on these momentary surveys, suggesting a lack of dis-
tress.® Another strategy to unobtrusively assess internal
avolition is to follow surveys regarding observable goal-
directed activity with queries regarding satisfaction with
current activities or whether they would prefer to be
doing something else.®

GPS and smart band passive data collection can also
integrate with EMA.% For example, validation of EMA
responses with GPS technology is an appealing validity
check. Further, an EMA report of being at the gym in the
last hour when the smart band suggests 55 min of sleep is
also informative regarding the validity of responses.

Table 2 presents the behavioral constellation associ-
ated with avolition as assessed by digital phenotyping
strategies. Another substantial benefit of digital
phenotyping is the collection of concurrent streams of
activity and emotional experience. Because data are col-
lected concurrently with repeated measurements, analysis
of convergence (eg, moods and activities) is facilitated be-
cause the longitudinal course of individual variables can
be correlated with the course of others measured at the
same time. Time stamping of EMA surveys and passive
measures allows for the integration of changing covariates
across measurement strategies. Further, answers to cur-
rent EMA surveys allow for qualitative interpretation of
passive data to understand the goal-directedness of activ-
ities: Walking to the store vs pacing at home; exercising at
a park vs wandering alone.

Methodological Considerations Relevant to
Measurement of Diminished Volition: Adherence

Any new technological method will require careful de-
velopment and validation, including adherence, and

Table 2. Behavioral Constellation Associated With Avolition as
Assessed by Digital Phenotyping Strategies

Home
Alone
Reduced total overall activities.
Only one activity reported in a survey
Sustained nonproductive activities
Sitting alone
Sleeping
Resting
Nothing
— Defining sustained
* Across multiple surveys
*  Similar number and quality
of activities
Failure to socialize when others are present.
* No differences in activities
when alone or with others
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addressing avolition presents its own set of challenges.
It is reasonable to question whether an individual who
manifests significant avolition will respond to queries.
This question is addressed conceptually by the results of
previous studies: An individual who answers 85/90 surveys
over 30 days, always home and alone, reporting a single
activity at each survey, most commonly watching tele-
vision, clearly appears to manifest avolition.® However,
that determination is based on the answers to 94% of 90
EMA surveys over a month.

Some issues associated with active methods have
been addressed, including survey frequency, study
duration, and interference from other symptoms.®
Adherence did not differ when participants with schiz-
ophrenia were surveyed 7 times per day vs 3 times per
day.” Adherence did not decline over a 30-day survey
period and baseline severity of psychotic symptoms
had a correlation of zero with 30-day survey adherence.
Adherence to passive strategies has been examined as
well, with the results suggesting very suitable adherence
to these strategies.”!

It is important to note that these data come from studies
where participants were compensated for completing
surveys and were notified of their compensation immedi-
ately after each survey they completed. Research suggests
that lack of compensation is associated with markedly
lower adherence. Furthermore, providing cumulative or
weekly compensation, as opposed to notifying participants
about their compensation after each survey, is associated
with reduced adherence.” Studies also indicate that mul-
tiple surveys per day lead to higher adherence compared to
single daily surveys and that using predictable and consec-
utive daily survey strategies (5-7 days per week) seems to
yield better adherence than episodic strategies.”

Recommendations for Measuring Diminished Goal-
Directed Behavior in a New Instrument

There are several critical recommendations for a new as-
sessment instrument. Behaviors reflecting reduced moti-
vation should be examined with both active and passive
digital phenotyping strategies. Location and social context
can be triangulated with EMA surveys and passive meas-
urement because being home and alone for the majority
of a sampling period is commonly a reflection of reduced
motivation. Socially and functionally relevant activities
need to be examined across home and away locations,
acknowledging that it is entirely possible to engage in pro-
ductive and social activities at home. Activities need to be
characterized as productive/social vs unproductive and
the dimension of physically active vs inactive needs to be
extracted from these EMA surveys. Interpreting passive
measures such as step counts or away-from-home travel
requires a concurrent description of activities to differ-
entiate purposeful activity from pacing or wandering.
Subjective avolition has to be examined, which is likely
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to be assessed on a post hoc basis through the combina-
tion of queries regarding activities planned for the future
as well as an assessment of the subjective evaluation of
recently completed activities, as described in the section
on reduced hedonic drives. Assessment of mood state
variables, including anxiety and depression, are central
requirements for viewing reduced goal-directed behavior
as a direct consequence of schizophrenia and not a sec-
ondary, and likely more transient and variable, feature of
mood states.>

Diminished Hedonic Drives

Current Assessment Methods

There is 5-decade history of scales to measure “anhe-
donia” which continues to be referred to as a cardinal
symptom of schizophrenia.®® In reviews describing and
critiquing both the older and more recent scales none
emerge as a “‘gold standard” on which there is align-
ment.”*7 Moreover, it is now appreciated that at least in
schizophrenia, the term “anhedonia” is highly complex,
and many of its components, such as in-the-moment ex-
perience, are not impaired. Thus, trials aimed at negative
symptoms in schizophrenia are not aimed at anhedonia
per se which is being pursued, for instance, in trials that
target apathy in Alzheimer’s disease.” In patients enrolled
in these studies, the absence of experiencing pleasure
from normally pleasurable activities and stimuli is part of
the diagnosis. Something as straightforward as the apathy
subscale of the Neuropsychiatric Inventory (NPI) can
be affected by treatment in a positive direction.® How
this scale or its subscales developed for neurodegenera-
tive disorders would perform in schizophrenia is an open
question and only mentioned here because similar terms
are being used for symptoms across disorders for which
separate scales have been developed.

In a recent article, Marder and Umbricht emphasize
the potential importance of alternate scales and meas-
ures to get at what is conceptualized as the anhedonia-
amotivation dimension of negative symptoms such as
the BNSS and Clinical Assessment Interview of Negative
Symptoms (CAINS).! From the perspective of scales
used in trials targeted at negative symptoms, however, it
is the Marder subscale of the PANSS that is most often
utilized. Other studies have incorporated the CAINS, the
BNSS, or a derivative of the PANSS using an approach,
the uncorrelated PANSS score matrix, to deal with par-
tial correlations of negative and nonnegative factors.'
Given that many of the older scales and even some more
recent ones are either not being used or are infrequently
used in trials they cannot be classified as “current.”

Limitations of Current Methods

The terminology used when moving from a diagnosis of
negative symptoms to scales reveals why subjective scales



are likely to suffer from multiple limitations. Moving from
earlier results of factor analysis of 5 diagnostic symptoms
(blunted affect, alogia, avolition, asociality, and anhe-
donia), even when grouped into 2 subdimensions called
“diminished expression and avolition/apathy” to severity
scales raises the challenge of quantifying cultural and
context-dependent terms. A major approach to linking
what humans express to the constructs implicit in terms
such as anhedonia is the Research Domain Criteria
(RDoC) research framework. It falls most directly under
the broadly conceptualized positive valence systems do-
main but can be easily seen as influenced by the nega-
tive valence domain (eg, fear that a reward will not be
forthcoming) or some aspect of the cognitive domain
whereby what is learned and remembered from experi-
ence (which might be faulty in schizophrenia and other
psychiatric disorders) has a sustained effect on a drive.
Moran et al discuss in detail a model of how having a
pleasurable experience (“reward”) links to motivated be-
havior which is impaired in schizophrenia.”” One com-
ponent of the model, “reward anticipation,” is viewed
as something that can be evaluated with psychological
testing paradigms that go beyond current scales and has
been argued by some to be closer to what is altered in
the hedonic realm in schizophrenics. However, the testing
paradigms required are not viewed as practical for clin-
ical trials.

A few years ago NIMH formally solicited research
proposals targeting approaches to understanding he-
donic responses in preclinical studies with the hope
that these might generate some novel translational
possibilities. It is too early to know what may emerge,
leaving the field with classic induction and reversal of
anhedonia, especially in rats, as the preclinical refer-
ence point for generating models of the components of
hedonic experience in humans. This is to recognize that
the neuroscience-aligned concepts underlying the RDoC
conceptualization have not yet produced data useful for
developing better clinical scales beyond decades-old ways
of inducing anhedonia in rodents.

Proposals taking into account preclinical research
as to what might be of greatest value relevant to nega-
tive symptoms focus on one or more of the components
delineated in models of seeking a hedonic experience
such as reward seeking.” To some extent the preclin-
ical paradigms do have analogs in humans using fMRI
and EEG paradigms (like the Monetary Incentive Delay
task), a point to which we will return. To appreciate the
complexity involved in dissecting components proposed
as part of what is involved in hedonic responses in schiz-
ophrenia one can consider the approaches and challenges
involved in quantifying “effort valuation”—basically,
is the effort required to obtain a certain level of reward
worth it?—including various psychological paradigms
coupled to fMRI measures.” Beyond the limitation of
the methods involved there remains uncertainty as to
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whether such components of the most current psycho-
logical clinical models of hedonic experience are valid in
terms of linking to some ultimately discoverable brain
process. One could identify a subset of patients with neg-
ative symptoms of schizophrenia who showed a quanti-
fiable alteration of an fMRI signal to a reward-related
task and enter them into a trial to see if an intervention
firstly “improved” that signal and only then, secondly, as-
sess whether this related to a clinical measure related to
anhedonia as has been done for a kappa receptor opiate
antagonist in depressed or anxious patients with anhe-
donia.” Something like this would be needed to provide
a case for such complex approaches to exploring novel
treatments for negative symptoms.

And in the real world of patients likely to be considered
for clinical trials, there is confound of both illicit and
prescription drug use. Psychological states and cogni-
tive processes can be influenced by both “rewarding”
compounds such as cocaine and impairing components
of some antipsychotics. The extent to which such factors
have been adequately controlled in studies on the hedonic
aspect of negative symptoms is not clear but is likely rel-
evant to many of the mixed findings noted in a recent
review of the field.”

Newer Approaches to Measurement of Diminished
Hedonic Drives

It is hoped that components of the hedonic drive/expe-
rience in schizophrenia such as anticipatory pleasure,
effort valuation, and encoding/memory for pleasur-
able experiences may prove usefully accessed by digital
measures like EMA in daily life without relying on com-
plex testing paradigms as proposed in a recent review.”
Passive and especially EMA remote measures offer other
possibilities for capturing a range of parameters in an
observer or interviewer unbiased quantitative manner.
These allow for a much greater frequency of assessments
than is possible with traditional rating methods which
might allow for more sensitive detection of drug effects.
One could argue that the type of actions and activities
captured by passive measures, including unprompted
speech, at the very least would establish, using an indi-
vidual as his or her own control measured over a long
enough period before treatment, whether there was a
general shift in whatever behavior was being measured.
If there were a way of ascertaining whether such a shift
was purposeful then that might be argued to quantify the
degree to which an individual is driven to do something.

With EMA, in addition to the range of questions that
might be asked one could, if requiring a voice response,
add another level of inquiry that might be relevant to the
quantification of “drive.” What is not yet clear is whether
EMA responses to probes of one or more components of
hedonic experience will show either the kind of psycho-
metric properties needed or tap into anything that will be
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more sensitive to a drug effect than more global and tra-
ditional measures. Existing paradigms for assessing such
constructs as reward evaluation may not be appropriate
for people with schizophrenia given that living with the ill-
ness might well be associated with very different valuations
of what is rewarding than typical of populations used to
develop the testing paradigms. It seems very unlikely that
there is a universal set of questions that get at the range of
constructs discussed in the literature. Another approach
is to build a unique set of questions for each individual,
such as has been done with previous anhedonia measures
(eg, The Dimensional Anhedonia Ratings Scale; DARS:
Rizvi et al.).’ This strategy would be challenging to im-
plement in a clinical trial environment, based on regu-
latory concerns about the similarity of data collected
across individuals. Nonetheless, this might be the most
sensitive way of detecting change in an individual but
raises the question of how to combine change data across
individuals. The idea of using individualized measures
is an old one that has not yet demonstrated advantages
over traditional measures in sensitivity to the detection
of drug effects. Nonetheless, conceptually it remains an
attractive possibility to explore.

There have been some studies to date which are
summarized in table 3 that pilot remote measures focused
on aspects of hedonic experience. Overall, these studies
indicate that remote measures may capture some of what
is addressed with direct patient interviews along with a
least one surprising finding of patients reporting higher
anticipated pleasure from activities than normal using
a phone-based interview method.® The relationship be-
tween complex in-lab assessments of, for instance, how
much cognitive effort a patient will spend for a certain
degree of reward and EMA assessments is not, however,
that clear (see table 3).

Most of the findings that have emerged from the re-
mote measures tabulated in table 3 are consistent with
interview-based ones without it being clear that eliciting
the information in this manner will prove more or less
sensitive in detecting change than the standard scales
as applied in clinical trials to date that target negative
symptoms. The studies do support that over a 7-day
period patients respond at high rates but no studies ad-
dress the question of what would happen in 6- to 12-week
(or longer) trials. Moreover, because only one of the
studies explicitly compares negative symptom ratings
(using the CAINS) with EMA responses the issue of
whether a negative symptom subgroup would comply as
well as the broader population is not addressed. In that
study, there were only 5 patients with high CAINS ratings
with the main finding being a relationship to degree of
effort in the laboratory effort expenditure task.”” There
was no relationship between the formal lab test and EMA
measures. Overall, the clearest findings from the remote
measures studied were to document various forms of al-
tered valuation and degrees of activities without showing
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that one or another related closely to baseline measures of
negative symptoms. Changes in activity associated with
drug treatment could, nonetheless, be useful as a means
of signal detection whether or not it tracked closely with
standard ratings of negative symptoms.

Recommendations for Measuring Diminished Hedonic
Drives in a New Instrument

Out of one or more remote assessments of the types
elaborated in some detail in other sections of this ar-
ticle, one might then develop a new operational definition
for an aspect of hedonic drive that is relevant to schizo-
phrenia. The FDA and the field are sensitive to the issue
that when we use words like anhedonia and apathy they
may mean very different things in different disorders so
having a disorder-specific measure still makes sense for
a domain that cuts across populations. As part of any
such process, generating normative data using the same
remote measures might prove important so that remote
measure data from clinical trials could be compared with
other measures in a normal population related to health
and function. Based on remote data generated to date it is
uncertain whether current EMA questions or probes will
capture some of what is detectable with in-person testing
paradigms.

The field could invest in an EMA-based approach
specific to a component of the model of hedonic expe-
rience summarized by Moran et al (2022) in an article
arguing for exploration of EMA measures.”” As an ex-
ample, it might be possible to find novel probes for re-
ward anticipation and see if an EMA-based measure and
a lab-based one produced comparable findings in an indi-
vidual. If so, this would argue for the new EMA measure
to be deployed into clinical trials. Given the variability in
results with the lab-based measure, one might even still
explore the EMA measure in a trial if it had reasonable
psychometric properties.

Discussion

There was a consensus among the authors that the current
approaches to measuring negative symptoms in clinical
trials are flawed. Although newer clinical interview-based
assessments explicitly address all 5 domains of negative
symptoms they share important limitations: They re-
quire an interviewer to rate relatively subtle phenomena
such as diminished expressiveness and speech; they rely
on a subject’s ability to recall their interests and feelings
over a past period such as a week; and they assume that
a subject feels and behaves similarly in a clinical setting
and during their regular everyday life. These limitations
can be addressed by alternative methods that are in dif-
ferent stages of development. That is, newer remote dig-
ital assessment methods can measure relatively subtle
phenomena with greater accuracy and they can measure
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Other findings
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Working memory did not

Not directly relevant. Patients planned

Focused only
on number
of activities

Smart- 4 Indicate current,

Patients
(sCz,

Merchant

et al®

significantly correlate with
EMA; UPSA-B did correlate

fewer goal-directed activities than they
completed; MAP scores on the CAINS
correlated with planned goal-directed

past, and anticipated
activities on a drop-
down list; activities

prompts
per day

for7d

phone
EMA

SAD): 66

with EMA; results were not

planned and
completed

accounted for by depression

behavior on EMA; performance on an
effort-based decision-making labo-

characterized as goal-
directed or nongoal

(ie, no Likert
scale ratings

ratory task (EFFrT) correlated with

directed; planned vs

or pleasure, in-  planned and completed goal-directed
activities on EMA

terest, effort)

completed (ie, at least

one completed) goals
were evaluated

thoughts and feelings at random times during the patient’s
regular life routines eliminating the need for recall.
Modifications of these remote measurement technologies
are also applicable to measuring the behavioral impact of
treatment on a variety of CNS and nonCNS therapeutic
areas beyond schizophrenia.

The process for developing a multimodal instrument
that can improve the measurement of negative symptoms
should focus on those that are believed to be sufficiently
developed to be included in the instrument and those that
are practical for large clinical trials. As a result, meas-
ures using artificial intelligence (AI) to measure speech
or measures that would use EEG or fMRI will not be
included. It is reassuring that all the methods that are
ready for further evaluation collect data with a smart-
phone. Unlike current clinician-administered negative
symptom assessments these approaches provide far more
sampling points, assess the patient in their own environ-
ment as they go about daily life, and are not dependent
on accurate patient and caregiver recall of events and
mood states. The new instrument would assess behaviors
reflecting reduced sociality, goal-directed behavior,
and hedonic drives with the active (eg, EMA) and pas-
sive smart band-based (eg, GPS, and actigraphy) digital
phenotyping strategies discussed earlier in this article.
Location and context could be triangulated with time-
stamped EMA surveys and other passive measurements,
longitudinally, allowing for the integration of changing
covariates (eg, activity, mood, context) across measure-
ment strategies. Verbal communication deficits and alogia
would be assessed from audio recordings using structured
texts and delineated topic speech samples in the context
of a semistructured clinical interview. The latter could be
conducted by a professional, virtual agent, or avatar. The
diminished affect will be assessed by vocal acoustic, video
facial, hand, and body movement analysis using wear-
able, mobile, and phone sensors.

The process for developing an instrument could re-
semble the NIMH MATRICS process that was used
to develop a battery for measuring cognition in schiz-
ophrenia.”® The process included a number of steps in-
cluding selecting the domains of cognition that should
be measured; agreeing on the criteria for the selection of
a measure which can include its psychometric charac-
teristics, its feasibility for inclusion in clinical trials, and
the evidence that the measure is a valid tool for meas-
uring the domain. Using these criteria, a group of experts
selected the instruments that would be included in a beta
version of the battery. The beta version was then assessed
in a psychometric study that included a study for the de-
velopment of norms. Other processes included the use of
a nonprofit entity to package the instrument and develop
agreements with the owners of tests and the translation
of the battery into a number of languages.

There are several serious challenges in developing
a multimodal negative symptom instrument. Perhaps



the most serious is determining how to validate a can-
didate measure given that the current clinical measures
are highly suspect. Nevertheless, consistent with findings
presented in the domain sections of this article the phe-
nomena measured by the multimodal instrument could
be predicted to overlap with the findings of existing
clinician-administered negative symptom instruments
and exhibit a significant correlation. However, interpreta-
tion of convergent validity with scales such as the BNSS,
CAINS, NSA-16, or Marder Negative factor would be
caveated due to the more frequent sampling and objec-
tivity of digital measures versus the dependency on rec-
ollection by the subject, sampling bias, and subjectivity
of the clinician-administered scales. Discriminant va-
lidity can be examined by comparing the novel measure
to measures of mood states, fear, paranoia, and extrapy-
ramidal side effects. The temporal stability of the new
instrument can be assessed in stable patients. The rela-
tionship of the instrument to function and clinical mean-
ingfulness of change can be assessed in comparison with
global and quality of life measures as well as with virtual
and real-world measures of function. Patients, caregivers,
and clinicians should be directly queried on their views
of the content validity of the instrument and in defining
minimal clinically significant change. The relationship
among cognitive impairment, avolition, and anhedonia
should be evaluated. Normative data can be collected in
different populations to assess for cultural differences in
domains such as expressiveness and social behaviors.

The video analysis of facial expressions from video;
the analysis of audio recordings for expressiveness and
verbal content; and the analysis of GPS and actigraphy
data will require the use of sophisticated software. A
method for incorporating this method of analysis into
the multimodal battery will need to be developed. It is
also unclear whether or not a clinician rating should be
included in the multimodal battery.

Neither existing clinician-administered scales nor cur-
rently conceived remote measurement scenarios directly
address the distinction between primary and secondary neg-
ative symptoms. The identification of negative symptoms
stemming from depression, positive symptoms, social anx-
iety, or iatrogenic causes (eg, antipsychotic-induced akinetic
Parkinsonism or sedation), eg, has important treatment
implications. Questions about mood, anxiety, and psychotic
symptoms embedded in EMA could be informative in this
regard. It is conceivable that machine learning applied to
voice analysis and/or actigraphy, eg, could eventually dis-
tinguish some patterns more commonly associated with pri-
mary vs secondary negative symptoms.

Obtaining high levels of compliance with study procedures
from subjects with more severe motivational deficits is an-
other challenge in remote data collection. As discussed
earlier in this article, examples of practices associated with
high levels of adherence include financial incentivization
and frequent correspondence with the patient.® 7

Rationale and Challenges for a New Instrument

Patients, caregivers, and other relevant stakeholders
will be involved in the design of the instrument and asked
to provide feedback on the data collection procedure to
assess usability, clinical relevance, and safety or confiden-
tiality concerns. The process will require very close at-
tention to addressing any privacy concerns that cannot
be addressed by password or biometric authentication.
Confidentiality during the collection of data for voice
and facial analysis and during interaction with avatars
may be challenging to obtain and require private spaces
or technical enhancements during day-to-day activities.

The rapid growth and scope of technologies applicable
to remote evaluation of negative symptoms necessitates
that the development of a multimodal instrument be an it-
erative process subject to ongoing revision. Not all prom-
ising approaches have been addressed in this publication.

In summary, the authors agreed that there is a compel-
ling need for a method for assessing negative symptoms
that does not involve solely clinical ratings. There is also
agreement that a measure should be multimodal and in-
clude data that can be collected with a smartphone or
a wearable. Although the development of such an in-
strument faces substantial challenges, none of them are
insurmountable.
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