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Background and Hypotheses:  Early identification and 
prevention of psychosis is limited by the availability of 
tools designed to assess negative symptoms in those at 
clinical high-risk for psychosis (CHR). To address this 
critical need, a multi-site study was established to de-
velop and validate a clinical rating scale designed specif-
ically for individuals at CHR: The Negative Symptom 
Inventory-Psychosis Risk (NSI-PR). Study Design:  The 
measure was developed according to guidelines recom-
mended by the NIMH Consensus Conference on Negative 
Symptoms using a transparent, iterative, and data-driven 
process. A 16-item version of the NSI-PR was designed to 
have an overly inclusive set of items and lengthier inter-
view to support the ultimate intention of creating a new 
briefer measure. Psychometric properties of the 16-item 
NSI-PR were evaluated in a sample of 218 CHR partici-
pants.  Study Results:  Item-level analyses indicated that 
men had higher scores than women. Reliability analyses 
supported internal consistency, inter-rater agreement, and 
temporal stability. Associations with measures of negative 
symptoms and functioning supported convergent validity. 
Small correlations with positive, disorganized, and general 
symptoms supported discriminant validity. Structural ana-
lyses indicated a 5-factor structure (anhedonia, avolition, 
asociality, alogia, and blunted affect). Item response 
theory identified items for removal and indicated that the 
anchor range could be reduced. Factor loadings, item-level 
correlations, item-total correlations, and skew further sup-
ported removal of certain items.  Conclusions:  These find-
ings support the psychometric properties of the NSI-PR 
and guided the creation of a new 11-item NSI-PR that will 
be validated in the next phase of this multi-site scale devel-
opment project. 

Key words: prodrome/rating scale/clinical interview/clinical 
trial/early identification/prevention

Introduction

Negative symptoms are the most significant predictor of 
functional disability in psychotic disorders;1,2 however, 
attempts to assess, understand, and treat this symptom 
domain have been ineffective.3,4 To address this critical 
unmet need, national institute of mental health (NIMH) 
sponsored a consensus development conference in 2005.5 
A critical outcome of this meeting was the creation of 2 
next-generation clinical rating scales for adults with psy-
chotic disorders, which assess 5 core domains (anhedonia, 
avolition, asociality, blunted affect, and alogia): the Brief  
Negative Symptom Scale6 (BNSS) and Clinical Assessment 
Interview for Negative Symptoms7 (CAINS). These instru-
ments have provided an improved assessment approach 
that has facilitated the development of targeted treatments 
for negative symptoms in adults with schizophrenia.8

However, the consensus conference did not discuss the 
development of assessments specific to those at clinical 
high risk (CHR) for developing psychosis (ie, adolescents 
meeting criteria for a psychosis-risk syndrome). Improved 
assessment of negative symptoms may be crucial for 
enhancing early identification and prevention efforts for 
several reasons. For example, among CHR participants, 
negative symptoms are: (1) highly prevalent (eg, present 
in 82% of CHR cases in the north atlantic prodromal 
longitudinal study); (2) a strong predictor of conversion; 
(3) associated with poor social and role functioning; (4) 
a factor that brings individuals into initial contact with 
the treatment system, often years before the emergence 
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of attenuated positive symptoms.9–12 Given the aforemen-
tioned evidence, accurate detection of negative symptoms 
in CHR individuals is paramount because it will improve 
our ability to accurately chart mental illness trajectories 
and determine when, where, and how to intervene more 
effectively to prevent psychotic disorders.

Unfortunately, instruments used to assess negative 
symptoms in the CHR population are not ideal for these 
purposes. The Structured Interview for Psychosis-risk 
Syndromes13 (SIPS) and Comprehensive Assessment of At 
Risk Mental States14 are the instruments most widely used 
to assess the presence of psychosis-risk syndromes and rate 
symptom severity in the CHR population. Although these 
measures are well validated as measures of psychosis risk, 
widely used, and have been central to advances in the early 
identification and prevention of psychosis, there are sev-
eral conceptual, methodological, and psychometric limi-
tations associated with their negative symptom subscales 
(for a review see15). Attempts to adapt the CAINS16 and 
BNSS,17 to CHR participants have also been subop-
timal, potentially due to the process of adaptation itself  
(ie, only probes were modified and anchors were not ad-
justed from the range designed for schizophrenia, leading 
to mean item scores for CHR participants that generally 
approached the scale’s floor and highly positively skewed 
item and subscale scores). In addition, subscales on the 
adapted CAINS and BNSS showed modest to weak con-
vergent and discriminant validity (eg, higher correlations 
with general symptoms than negative symptoms).16,17 
Accordingly, the European Psychiatric Association’s8 and 
others15 have advocated for new negative symptom scales 
designed specifically for CHR individuals.

The current study extended the scale development aims 
of the NIMH consensus development conference to the 
CHR population and created a new measure, the Negative 
Symptom Inventory for Psychosis Risk (NSI-PR). This 
study includes the first steps of a multi-stage, iterative scale 
development and validation process, with the overall goal 
of arriving at a final version of the NSI-PR by using the 
type of transparent and data-driven approach that was 
recommended by the NIMH consensus conference. We 
review the process for developing the measure and report 
the results of a psychometric evaluation of a 16-item ver-
sion of the NSI-PR, which was created to have an overly 
inclusive set of items and lengthier interview that will be 
trimmed based on psychometric considerations. The end 
goal of this process is to create a briefer final version of 
the scale with strong psychometric properties that is ap-
propriate for wide-spread dissemination and implemen-
tation in CHR research and clinical work.

Method

Participants

Two hundred and eighteen CHR participants were 
recruited from 5 sites: (1) Georgia Psychiatric Risk 

Evaluation Program in Athens, GA (n = 67); (2) 
Northwestern University Adolescent Development and 
Preventative Treatment research program in Evanston, 
IL (n = 66); (3) Mental Health and Development 
Program at Emory University in Atlanta, GA (n = 11); 
(4) Youth FIRST research program at the University of 
Maryland, Baltimore County (n = 27), and (5) Ellman 
Lab at Temple University (n = 50). See table 1 for par-
ticipant demographics. CHR participants were eligible 
if  they met the criteria for a psychosis-risk syndrome on 
the (SIPS).13 No participants met lifetime criteria for a 
DSM-5 full psychotic disorder based on the structured 
clinical interview for the diagnostic and statistical manual 
of mental disorders-5 (SCID-5).18

Procedures

All participants provided written informed consent for 
studies approved by institutional review boards and 
received monetary compensation for participation. 
Participants completed clinical interviews conducted by 
the PIs or raters trained using gold-standard training 
videos. In addition to the SCID-5, SIPS, and NSI-PR, 
participants were rated on the Global Functioning Scale: 
Social19 (GFS:S), Global Functioning Scale: Role20 
(GFS:R), and Global Assessment of Functioning (GAF).

NSI-PR Scale Development

In developing the initial version of the NSI-PR, we took 
a broad, overly inclusive approach to developing items. 
First, items were created to specifically cover all 5 nega-
tive symptom domains. Second, anchors and probes were 

Table 1. Participant Demographic and Clinical Characteristics

Mean (SD)

Age 21.1 (3.2)
Education 13.8 (2.0)
% Female 67.4%
% Hispanic 12.8%
Race
  Black 19.0%
  Asian 14.0%
  Biracial 6.3%
  Central/South American 4.1%
  Native American 1.4%
  White 53.4%
SIPS positive total 11.0 (3.7)
SIPS negative total 7.2 (5.02)
SIPS general total 7.5 (4.3)

Note: This included Attenuated Positive Symptoms Syn-
drome (n = 213), Genetic Risk and Deterioration Syndrome 
(GRD; n = 3), and multiple syndromes: APSS + BIPS (n = 1), 
APSS + BIPS + GRD (n = 1). Of these participants, 121 CHR 
participants met criteria for progression, 91 for persistence, 2 for 
partial remission, 1 for full remission, and 3 were unknown (all 
GRD).
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worded to target youth/young adults. Third, asociality 
items were included for social media/texting behavior. 
Fourth, both the avolition and asociality domains in-
clude separate items for internal experience and be-
havior, as dissociations between these variables may be 
prognostically important and useful for identifying sec-
ondary negative symptoms. Fifth, based on our prelimi-
nary data indicating that a lack of distress in the face of 
negative symptoms is indicative of psychosis risk and a 
poorer prognosis,21 a lack of transitionary distress item 
was created. A single lack of transitory distress item was 
added following BNSS scale procedures and BNSS psy-
chometric evaluations where a single transitory distress 
item met standard psychometric evaluation criteria.6,22 
Finally, based on contemporary affective science,23,24 an-
hedonia items were added that separate anticipatory and 
past-week pleasure in relation to recreational, role, social, 
and physical activities to capture multiple aspects of he-
donic response that are impaired in CHR.25–28 These pro-
cedures resulted in a 16-item NSI-PR version. Items are 
rated based on a semi-structured interview on a 0 (absent) 
to 6 (extremely severe) scale.

Analyses

Several analytic steps were conducted to identify how 
the NSI-PR should be revised. Since the initial NSI-PR 
was created to contain an oversampling of items from 
the 5 consensus conference negative symptom domains, 
analyses focused on item selection, modification, and re-
tention. First, analyses were conducted to evaluate the 
functioning of individual items. Item means, standard 
deviations, skewness, kurtosis, and frequency distribu-
tions were calculated to evaluate floor and ceiling effects. 
Inter-item and item-total correlations were calculated to 
determine the degree to which individual items were as-
sociated with each other and the total score, respectively. 
Sex differences were evaluated using MANOVA.

Reliability was evaluated using internal consistency, 
inter-rater reliability, and temporal stability. Within and 
between site inter-rater reliability was examined with 
intra-class correlation coefficients (ICC). Temporal sta-
bility was examined via correlations in a subset of parti-
cipants retested at 1 year.

Convergent validity was examined at the item, domain, 
and total level with the SIPS negative symptom dimen-
sion, GFS:S, GFS:R, and GAF. Discriminant validity was 
evaluated in relation to (low) correlations with the SIPS 
positive, disorganized, general symptom dimensions.

Construct validity was assessed using 2 sets of analyses. 
First, we utilized confirmatory multidimensional item 
response theory modeling (MIRT) based on the graded 
response model29 (GRM). To account for the number 
of dimensions,30 GRM parameters were estimated 
using diagonally weighted least squares in the “lavaan” 
package,31 and estimates were converted from the “item 

factor analysis” to the “item response theory” scaling 
using simple algebraic formulae.32 Second, IRT was used 
to identify (a) items that could be deleted without consid-
erable loss of content coverage and reliability at higher 
score levels and (b) to examine whether all response 
options in the 6-option response format were discrimi-
nating between participants with higher vs lower negative 
symptoms through examination of the option character-
istic curve (OCC), which relates response probabilities to 
symptom levels for each option for a given item.

Factor structure of the NSI-PR was also tested using 
the GRM in MIRT. We tested three alternative con-
firmatory models: (a) a 1-factor model; (b) a 2-factor 
model with Motivation and Pleasure and Diminished 
Expression factors; (c) a 5-factor model based on the con-
sensus domains.29 All models were estimated using quasi-
Monte Carlo expectation-maximization (QMCEM) due 
to their better performance in high-dimensional models. 
We also ran hierarchical confirmatory factor analysis 
(CFA) to determine whether the measure showed a hi-
erarchical structure. Fit indices for each model were 
evaluated using the multi-index approach:33 Comparative 
Fix Index (CFI) > 0.90; Root Mean Square Error of 
Approximation (RMSEA) values < 0.08, and Tucker-
Lewis Index (TLI) values > 0.90 are acceptable. Models 
with fit indices at least approximating this criteria were 
deemed important to further evaluate in the final NSI-PR 
scale validation.

Collectively, these analyses guided decisions for cre-
ating a final, shorter NSI-PR. Items were considered 
for removal or revision if  they demonstrated: (1) floor/
ceiling effects, (2) high skew (> ±1.0), (3) low inter-item 
or item-total correlations (r < 0.30), (4) redundancy 
with other items as indicated by high item-level correl-
ations (r > 0.55), (5) low inter-rater reliability within- and 
between-sites ( < 0.70), (6) low factor loadings ( < 0.4) or 
high cross-loadings, (7) poor convergent validity with the 
SIPS negative subscale and GFS; (8) poor discriminant 
validity with SIPS positive, disorganized, and general 
subscales; (9) poor ability to distinguish participants 
with scores 1 SD or greater above the mean NSI-PR total 
score. Participant and interviewer feedback was also 
incorporated.

Results

Item-Level Descriptive Statistics

Table 2 reports means, standard deviation, skewness, 
and kurtosis for all 16 items. Most items were not highly 
skewed. However, some skew > 1.0 was observed for 
items 5 (asociality behavior), 6 (asociality inner experi-
ence), 9 (anhedonia past week pleasure), 11 (anhedonia 
affective forecasting), 14 (blunted vocal affect), and 16 
(alogia). Mean scores were low (< 1.0) for 2 items: 11 (af-
fective forecasting) and 16 (alogia). Avolition behavior 
role, avolition internal experience role, asociality inner 
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experience, and alogia items did not receive the full range 
of scores, although all others achieved the full range of 
ratings.

Sex Differences

The overall omnibus effect was significant, F 
(16,199) = 1.93, P = .02 (partial eta squared = 0.13), such 
that males scored higher than females. Differences were 
primarily driven by the blunted affect items, but males 
also had greater asociality via social/electronic media 
use behavior (table 3). Females had greater severity than 
males on avolition behavior for recreational activities.

Inter-Item Correlations

To examine redundancy among items, inter-item correl-
ations were calculated among all 16 items (table 4). The 
avolition role and recreation internal experience and 
behavior items were highly correlated (as expected), as 
were the in-person and social media/electronic asociality 
internal experience and behavior items. Lack of transi-
tionary distress had low correlations with all items. The 3 
blunted affect items all had high inner correlations, with 
the blunted facial and vocal affect being the highest. The 
lone alogia item was moderately correlated, but not re-
dundant, with the 3 blunted affect items.

Inter-rater Agreement

Inter-rater agreement was evaluated in relation to 8 video-
recorded interviews that were rated by 22 raters across 
the 5 sites. For the full scale, inter-rater agreement across 
all sites was 0.97. Item-level inter-rater reliability ranged 
from 0.90 (asociality internal experience social media) to 
1.00 (anhedonia affective forecasting) (table 5).

Inter-rater reliability calculated within each site was 
0.90 on average: University of Georgia (n = 5) = 0.92; 
Northwestern University (n = 5) = 0.97; Emory 
University (n = 6) = 0.89; University of Maryland, 
Baltimore County (n = 3) = 0.80; Temple University 
(n = 3) = 0.93.

Internal Consistency

Cronbach’s α was = 0.85 for the total NSI-PR score and 
avolition = 0.78; asociality = 0.79; anhedonia = 0.58; 
blunted affect = 0.88. Alpha-if-item deleted analyses sug-
gested that removing lack of transitionary distress would 
improve internal consistency, whereas removing other 
items would worsen it.

Temporal Stability

Stability across 1 year was high (r = 0.77) for total scores 
in a subset of participants (n = 30) for whom 1-year lon-
gitudinal data were available. Domain score stability 
was: avolition: r = 0.43, P < 0.03; anhedonia: r = 0.49, 
P < 0.01; asociality: r = 0.66, P < .001; blunted affect: 
r = 0.59, P < .001; alogia: r = 0.30, P = .13.

Convergent Validity

The NSI-PR total score demonstrated moderate conver-
gent validity with the SIPS negative dimension, GFS-
Social, GFS-Role, and GAF (table 6). At the domain 
level, moderate convergent validity was generally ob-
served with the SIPS negative dimension (table 6) and in-
dividual SIPS items (supplementary table 1). Item-level 
correlations (supplementary table 2) of similar constructs 
between the NSI-PR and SIPS generally demonstrated 
moderate convergence. Notably, the lack of transitionary 

Table 2. Item-level Descriptive Statistics

Item Mean Std. Dev Skewness Kurtosis Item-Total Correlation

1 Avolition behavior role 1.78 1.43 0.50 −0.65 0.52***
2 Avolition internal experience role 1.39 1.17 0.35 −0.90 0.47***
3 Avolition behavior recreation 1.80 1.58 0.72 −0.13 0.47***
4 Avolition internal experience recreation 2.02 1.50 0.32 −0.72 0.47***
5 Asociality behavior 1.45 1.34 1.04 0.47 0.52***
6 Asociality internal experience 1.22 1.15 1.06 0.90 0.62***
7 Asociality behavior social media 1.56 1.39 0.77 0.29 0.46***
8 Asociality internal experience social media 2.11 1.48 0.36 −0.66 0.54***
9 Anhedonia past week intensity 1.39 1.49 1.29 1.24 0.48***
10 Anhedonia past week frequency 2.69 1.64 −0.36 −1.00 0.37***
11 Anhedonia affective forecasting 0.69 1.12 2.26 6.02 0.45***
12 Lack of transitionary distress 2.39 1.81 0.52 −0.46 0.22***
13 Blunted facial affect 1.41 1.40 0.70 −0.49 0.57***
14 Blunted vocal affect 1.23 1.48 1.05 0.16 0.56***
15 Gestural expression 1.61 1.67 0.71 −0.70 0.50***
16 Alogia 0.74 1.11 1.48 1.54 0.51***

Note: Bold = exceeded a priori criteria for skew or criteria for low item-total correlations.
*** = P < .001.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbad038#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbad038#supplementary-data
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distress item did not show good convergent validity at the 
domain or item level, potentially suggesting that it should 
be considered for removal.

Discriminant Validity

The NSI-PR total score, domains, and items demon-
strated good discriminant validity via low correlations 
with positive, disorganized, and general symptoms 
(table 7 and supplementary table 3).

Item Response Theory

IRT was used to identify: (a) items that could be de-
leted without considerable loss of content coverage, and 
reliability at higher levels of scores, and (b) to examine 
whether all options in the 6-option response format are 
discriminating between patients with higher vs lower 
levels of the traits.

With regard to (a), we found that items 4 (avolition in-
ternal experience recreation), 10 (anhedonia past week 
frequency), and 12 (lack of transitionary distress) were 
the best candidates for deletion. These items primarily im-
part reliability for those between −0.15 and + 0.38 away 
from the mean, and thus are not likely to be helpful in 
distinguishing between those in the more severe range. A 
second set that was identified in addition to these 3, which 
included item 3 avolition behavior recreation), 8 (asociality 
internal experience social media), 13 (blunted facial af-
fect), and 14 (blunted vocal affect). These items primarily 
help distinguish between those between + 0.54 and + 0.75 
away from the mean. All other items are necessary to dis-
tinguish those falling 1 SD or greater above the mean, 
and thus should be kept to help distinguish between those 
falling within the more and less severe symptom ranges.

With regard to (b), we found that in general, the 
NSI-PR would function equivalently if  options 2 and/
or 3 were discarded. Figure 1 shows an example of this 
phenomenon which was found in most NSI-PR items, 
especially those identified in (a) as items that should be 
retained. As can be seen, the OCC relates response prob-
abilities to trait levels for each option for a given item. 
Importantly, there is very little space wherein options 2 
and 3 do not overlap with other options; this is partially 
due to underuse of these options by raters, and indicates 
that they are not particularly useful in reliably discrimi-
nating between those at more moderate levels of the un-
derlying trait.

Scale Structure

The NSI-PR was also analyzed utilizing multidimen-
sional item response theory. Specifically, we fit the graded 
response model28 (GRM), a polytomous IRT model that 
proposes item response are ordinal, and that items may 
differ in their strength of connection or “loading” to the 
latent variable(s). We tested three alternative confirma-
tory models: (a) a 1-factor model for all 15 items (items 
1–11 and 13–16); (b) a 2-factor model that divides the 
measure into Motivation and Pleasure (items 1–11) and 
Diminished Expression (13–16) factors; (c) a 5-factor 
model that divides the measure into avolition (items 1–4), 
asociality (items 5–8), anhedonia (items 9–11), blunted 
affect (items 13–15), and alogia (item 16) factors. All 
models were estimated using QMCEM due to their better 
performance in high-dimensional models.

As shown in table 8, the 1- and 2-factor models showed 
poor model-data fit, suggesting aggregation across 
all items or division by Motivation and Pleasure and 
Diminished Expression may be misleading in practice. 

Table 3. Sex Differences

Female Male

F P-value Par Eta-SqMean Std. Dev Mean Std. Dev

1 Avolition behavior role 1.80 1.46 1.72 1.39 0.16 .69 0
2 Avolition internal experience role 1.38 1.15 1.44 1.23 0.13 .72 0
3 Avolition behavior recreation 1.99 1.63 1.43 1.42 6.12 .01 0.03
4 Avolition internal experience recreation 2.15 1.50 1.76 1.49 3.08 .08 0.01
5 Asociality behavior 1.45 1.39 1.49 1.25 0.04 .84 0
6 Asociality internal experience 1.17 1.19 1.31 1.10 0.68 .41 0
7 Asociality behavior social media 1.37 1.34 1.93 1.43 7.69 .01 0.04
8 Asociality internal experience social media 1.99 1.48 2.34 1.46 2.56 .11 0.01
9 Anhedonia past week intensity 1.34 1.46 1.41 1.48 0.12 .73 0
10 Anhedonia past week frequency 2.74 1.66 2.56 1.62 0.58 .45 0
11 Anhedonia affective forecasting 0.60 1.15 0.88 1.04 2.95 .09 0.01
12 Lack of transitionary distress 2.29 1.83 2.57 1.72 1.16 .28 0.01
13 Blunted facial affect 1.23 1.31 1.81 1.51 8.26 .01 0.04
14 Blunted vocal affect 1.09 1.46 1.54 1.48 4.53 .04 0.02
15 Gestural expression 1.41 1.65 2.03 1.65 6.51 .01 0.03
16 Alogia 0.73 1.10 0.78 1.16 0.09 .76 0

Note: Bold = items with significant sex differences.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbad038#supplementary-data
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The 5-factor model on the other hand showed very 
good fit, with RMSEA = 0.04, and TLI and CFI > 0.95. 
Table 9 shows the parameter estimates from this model. 
In the multidimensional GRM, there is a set of item 
loading (or “discrimination”) estimates for each latent 
trait estimated, denoted a, but only one set of threshold 
parameters (1 less than the number of response options), 
denoted b. Thresholds indicate the level of the latent trait 
at which an option becomes more likely to be chosen than 
the one below; for example, b1 is the level of the trait at 
which one is equally likely to choose option 2 over option 
1. As can be seen, item loadings were high, and threshold 
parameters were largely reasonable, ranging from −1.78 
to 5.74; spaces where no threshold is given indicates that 
there was not enough response data for those options to 
estimate the threshold.

Marginal reliability (ie, IRT-based reliability) ranged 
from .75 to .88, with the exception of the single-item 
factor, which showed a .59 reliability; this is a relatively 
high reliability estimate for a single item. Figure 2 shows 
the test information functions for all subscales of the 
NSI-PR. Notably, for all subscales, the IRT informa-
tion—the inverse of the IRT standard error of meas-
urement and the basis for marginal reliability—suggests 
reliability is highest at higher levels of the measured var-
iable. For example, although Alogia had an overall reli-
ability of .59, this reliability level applies to the average 
respondent, and therefore reliability for respondents 
above the mean would be higher. Of course, this supports 
the practical utility of the measure in that we are most 
concerned with making distinctions among those who re-
ceive high rather than low scores. Notably, it is important 
not to compare the information values on the y-axis from 
different subscales, as their levels are in part determined 
by the number of items.

Finally, we wanted to determine the extent to which 
the measure showed a hierarchical structure. The IRT 

Table 5. Item-level Inter-rater Reliability

ICC

1 Avolition behavior role 0.97
2 Avolition internal experience role 0.98
3 Avolition behavior recreation 0.98
4 Avolition internal experience recreation 0.96
5 Asociality behavior 0.99
6 Asociality internal experience 0.95
7 Asociality behavior social media 0.97
8 Asociality internal experience social media 0.90
9 Anhedonia past week intensity 0.99
10 Anhedonia past week frequency 0.99
11 Anhedonia affective forecasting 1.00
12 Lack of transitionary distress 0.98
13 Blunted facial affect 0.97
14 Blunted vocal affect 0.97
15 Gestural expression 0.97
16 Alogia 0.97
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analyses indicated a 5-factor model as the only model 
with acceptable fit, but we wondered whether aggregation 
across constructs would be justified. To do this, we turned 
to hierarchical CFA. First, we estimated a simple 5-factor 
CFA analogous to our best-fitting IRT model. This 
model showed marginally acceptable fit (RMSEA = 0.08, 
CFI = 0.90, TLI = 0.88), emphasizing the importance 
of IRT modeling for fitting item response data. We then 
fit 2 alternative hierarchical factor models: (a) a model 
where avolition, asociality, and anhedonia were sub-
sumed by a higher-order Motivation and Pleasure factor, 
whereas blunted affect and alogia were subsumed by a 
higher-order Diminished Expression factor; and (b) a 
model with a single higher-order factor subsuming all 
5 subdimensions. There was little difference in model-
data fit between the 5-factor model and the model with 

2 higher-order factors (supplementary table 4). The load-
ings of the 5 subdimensions onto the 2 higher-order 
factors ranged from .65 to .83, suggesting that reliable 
composites consistent with 2 higher-order factors are 
justified. This was not true for the model with a single 
higher-order factor, and thus an overall sum score is not 
suggested for use. Rather, the Motivation and Pleasure 
and Diminished Expression subscales should be con-
sidered the most general scores that should be calculated.

Discussion

The goal of the current study was to develop and vali-
date a new clinical interview designed to measure nega-
tive symptoms in those at CHR based on a transparent, 
iterative, data-driven process.

Table 6. Domain and Total Score Convergent Validity

SIPS Negative GFS Social GFS Role GAF Current GAF Last Year

NSI-PR avolition 0.54*** −0.42*** −0.51*** −0.43*** −0.33***
NSI-PR asociality 0.56*** −0.59*** −0.25** −0.35*** −0.25**
NSI-PR anhedonia 0.36*** −0.33*** −0.24** −0.25** −0.06
NSI-PR transitionary distress −0.03 −0.09 −0.03 −0.02 0.00
NSI-PR blunted affect 0.38*** −0.26** −0.19* 0.06 0.11
NSI-PR alogia 0.36*** −0.25** −0.21* −0.02 0.04
NSI-PR total 0.62*** −0.53*** −0.40*** −0.30*** −0.17*

Note: GFS, Global Functioning Scale; GAF, Global Assessment of Functioning; NSI-PR, Negative Symptom Inventory-Psychosis Risk.
*P < .05, ** P < .01, ***P < .001.

Table 7. Domain Level Discriminant Validity

SIPS 
Positive

SIPS 
Disorganized

SIPS 
General

NSI-PR avolition 0.09 0.25** 0.34***
NSI-PR asociality 0.20** 0.27*** 0.21*
NSI-PR anhedonia −0.06 0.10 0.15
NSI-PR transitionary 
distress

−0.13 −0.05 −0.14

NSI-PR blunted affect 0.08 0.04 0.02
NSI-PR alogia 0.04 −0.05 0.15
NSI-PR total 0.10 0.19* 0.22**

Note: NSI-PR, Negative Symptom Inventory-Psychosis Risk; 
SIPS, Structured Interview for Prodromal Syndromes.
*P < .05, ** P < .01, ***P < .001.

Fig. 1. Option response functions for item 5 as an example of 
options 2 and 3 not discriminating between respondents. Plot 
extends to +4 SD due to the emphasis on severity in the NSI-PR.

Table 8. Model-data Fit of the Graded Response Model to NSI-PR Items by Factor Structure

Model M2 df P RMSEA

95% CI of RMSEA

TLI CFILow High

One-Factor 111.99 21  < .001 0.142 0.116 0.168 0.629 0.784
Two-Factor 114.63 21  < .001 0.144 0.119 0.170 0.618 0.777
Five-Factor 30.39 22 .109 0.042 0.000 0.075 0.967 0.980

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbad038#supplementary-data
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Psychometric Summary

MIRT and CFA indicated that 1- and 2-factor models 
produced poor fit for the data. However, 5 factor (anhe-
donia, avolition, asociality, alogia, and blunted affect) 
and hierarchical (2 second-order factors reflecting di-
minished expression and motivation and pleasure, and 
5 first-order factors reflecting the 5 consensus domains) 
models fit the data well. These findings add to emerging 
evidence on the latent structure of negative symptoms 
that supports the 5-factor and hierarchical models over 
1- and 2-factor models.34–46

Reliability analyses indicated that internal consistency 
was adequate, but not good for the total score and do-
main scores. Alpha-if-item deleted analyses indicated 
that removal of the lack of transitionary distress item 
would improve reliability. Although based on prior neg-
ative symptom scale procedures.6,22 inclusion of a single 
lack of transitory distress item and divergence of this 
items content (including interview questions) from other 
NSI-PR items may have resulted in poorer item perfor-
mance. Inter-rater agreement was good for the total score 
and all individual items. Temporal stability assessed in 
a subset of participants who had completed 1-year fol-
low-up evaluations was good for the total score and do-
main scores. Discriminant validity was indicated by low 
correlations with positive, disorganized, and general 
symptoms. Convergent validity was supported by associ-
ations with other negative symptom measures, functional 
outcome, and GAF. The observed correlations were high 
enough to demonstrate convergent validity, but not so 
high as to demonstrate redundancy with the SIPS neg-
ative dimension. Although one would typically want to 

observe correlations > 0.80 to demonstrate good conver-
gent validity, correlations lower than this with the SIPS 
negative may not be evidence of poor convergent va-
lidity because of conceptual issues inherent to the SIPS 
negative subscale.15 The moderate correlations therefore 
support that the NSI-PR is measuring the construct dif-
ferently than the SIPS, as intended. Item response theory 
identified multiple items for removal and indicated that 
the anchor range could be reduced.

Scale Revisions

Collectively, these findings suggest that although the scale 
is largely functioning as expected, some psychometric is-
sues need to be addressed with a revised version, as in-
tended. To address these issues, a revised and briefer scale 
is needed with modified item probes, anchors, and scaling. 
Based on the results of the current study, the authors cre-
ated such a scale that is to be psychometrically validated 
in the next phase of this multi-step scale development 
process. The following summarizes the rationale for the 
key changes that were implemented to the 16-item ver-
sion of the scale to derive the new, final 11-item NSI-PR 
(table 10 for summary):

Shortening the Scale. The interview length of the 16-item 
scale was intentionally longer than what we intended for 
the final version, averaging ~ 30 min (range ~25–45). We 
shortened the scale by removing items (reducing from 16 
to 11), reducing the number of probes, and reducing the 
number of pages in the manual. Based on initial data col-
lection we have conducted for study 2 (validation of the 

Table 9. Parameter Estimates From the 5-Dimension Graded Response Model 

Item Name a1 a2 a3 a4 a5 b1 b2 b3 b4 b5 b6

1 Avolition behavior role 1.17 . . . . −1.43 −0.02 0.90 2.16 3.32 .
2 Avolition internal experience role .96 . . . . −1.15 0.23 1.80 4.02 . .
3 Avolition behavior recreation 1.95 . . . . −0.95 −0.03 0.72 1.68 2.33 3.02
4 Avolition internal experience recreation 2.40 . . . . −1.19 −0.27 0.39 1.39 2.37 3.41
5 Asociality behavior 1.84 . . . −1.00 0.57 1.17 1.91 2.85 4.01
6 Asociality internal experience 2.70 . . . −0.67 0.59 1.46 2.13 2.94 .
7 Asociality behavior social media 1.37 . . . −0.91 0.12 1.26 2.36 3.27 3.97
8 Asociality internal experience social media 1.44 . . . −1.74 −0.35 0.40 1.51 2.47 4.11
9 Anhedonia past week intensity . 2.08 . . −0.57 0.46 1.23 1.68 2.11 2.68
10 Anhedonia past week frequency . 1.08 . . −1.78 −1.08 −0.52 0.41 2.42 4.46
11 Anhedonia affective forecasting . 1.53 . . 0.33 1.43 2.31 2.77 3.29 3.80
13 Blunted facial affect . . 4.90 . −0.36 0.16 0.73 1.30 2.00 .
14 Blunted vocal affect . . 5.38 . −0.09 0.34 0.82 1.28 1.76 2.64
15 Gestural expression . . 2.51 . −0.38 0.24 0.62 1.02 1.91 2.61
16 Alogia . . . 1.00 0.49 1.32 2.74 3.59 5.74 .
Construct Name F1 F2 F3 F4 F5
F1—Avolition 0.84
F2—Asociality 0.45 0.82
F3—Anhedonia 0.40 0.51 0.75
F4—Blunted affect 0.22 0.47 0.43 0.88
F5—Alogia 0.19 0.35 0.55 0.58 0.59
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final 11-item scale), the estimated interview time for the 
final 11-item version is 15 min.

Incorporating Feedback From Interviewers and 
Participants. Participants found the interview tolerable, 
but when paired with other measures, it was a bit long. 
Interviewers suggested removing and combining certain 
items. For example, removing Lack of Transitionary 
Distress and combining Asociality Social Media Internal 
Experience with a more general Asociality Internal 
Experience Item.

Modifying/Trimming Items Based on Structural/Item-level 
Psychometrics. Psychometric analyses support re-
moving some items based on the following criteria: (1) 
low factor loading communalities; (2) correlation > 0.55 
with another item; (3) item-total scale correlation < 0.35; 
(4) skew > ±1.0. Based on these criteria the following 
items were identified for modification or removal.

a. Criteria #1 Factor Loadings: Lack of Transitionary 
Distress

b. Criteria #2 High Item-Level Correlations: Blunted Vocal 
Affect (note internal experience and behavior items for 
avolition and asociality were expected to be high)

c. Criteria #3 Low Item Total Correlation: Lack of 
Transitionary Distress

d. Criteria #4 Skew: Asociality Behavior, Asociality 
Inner-Experience, Anhedonia Affective Forecasting, 
Blunted Vocal Affect, Alogia

Item Removal/Modification Based on Item Response 
Theory. The best candidates for removal were items: 4 
(avolition internal experience recreation), 10 (anhedonia 
past week frequency), 12 (lack of transitionary distress), 
3 (Avolition Behavior Recreation), 8 (Asociality Internal 
Experience Social Media), 13 (Blunted Facial Affect), and 
14 (Blunted Vocal Affect). IRT also suggested that reducing 
the number of anchor points from 0–6 to 0–5 would be ideal, 
as anchors 2 and 3 did not produce adequate separation.

Conclusions

Based on results of this study, we achieved the primary 
goals of evaluating the psychometric properties of the 
original 16-item version of the NSI-PR and creating a 
new final 11-item scale based on an iterative data-driven 
process. Table 11 highlights the key features and advances 
of this 11-item scale that was developed based on re-
sults of the current study. It will be important for future 

Fig. 2. Test information functions for each domain.
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investigations to study the validity of the 11-item final-
ized scale, including in more diverse samples (eg, more 
balanced sex distribution, greater racial diversity, and 
more participants recruited from acute settings), which 
is the goal of the second phase of this scale development 
process. By providing an improved outcome measure for 
assessing negative symptoms in CHR individuals, the 
NSI-PR may facilitate research into the mechanisms of 
negative symptoms and the development of novel thera-
peutic approaches. When used in conjunction with other 

clinical rating scales, behavioral measures, and compu-
tational approaches,47 the NSI-PR may also facilitate 
the creation of novel risk calculator algorithms that 
have proved useful in longitudinal risk monitoring and 
diagnosis.48–50

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.

Table 10. Scale Revision Summary of Changes from the 16-Item Beta Version to the Final 11-Item NSI-PR

(1) Changed the anchor scaling from 0–6 to 0–5
(2) Removal of the lack of transitionary distress item due to low factor communalities, high skew, poor inter-rater reliability, low 

item total correlation, IRT, and not being part of the 5 NIMH consensus domains
(3) Removal of the social media internal experience item due to IRT and interviewer feedback. The probes/anchors for the 

asociality inner-experience item now include elements about social media into one inner-experience item that encompasses 
both in-person and electronic interactions

(4) Removal of the anhedonia past week frequency item due to low factor loadings and conceptual overlap with avolition recrea-
tion behavior

(5) Collapsing the 4 avolition items (in the beta version of the scale these were separated out into recreation and role for inner ex-
perience and overt behavior items) into 2 items that capture both role and recreation for inner-experience and behavior. This 
decision is based on based on IRT evidence about the avolition Recreation Behavior and Internal experience items functioning

(6) Although blunted vocal and facial affect were identified for removal by IRT, they were not removed because they are con-
sidered core to the blunted affect construct. The anchors were revised in an effort to improve item function.

Note: Based on the combination of psychometric criteria reviewed in the results and discussion sections, several decisions were made to 
revise the 16-item beta NSI-PR and derive a final 11-item scale. The key decisions are reviewed above.

Table 11. Summary of Advances Offered by the Revised 11-Item Final NSI-PR

(1) The final scale contains multiple materials designed to allow the NSI-PR to be used in multi-site CHR trials and clinical practice, 
including:
a.a comprehensive manual;
b.interview guide with suggested probes;
c.score sheet and redcap forms;
d.frequently asked questions document with rules and recommended procedures;
e.professionally developed 1-h training video;
f.multiple gold standard reliability videos with individuals displaying a range of symptom severity, gold standard ratings, and ex-
planations for gold standard ratings that allow for extensive training and rater calibration within and across sites

(2) The 11-item version and its associated materials are now being used in multiple studies/grants, by over 50 sites worldwide, in-
cluding the Accelerating Medicines Partnership Program Schizophrenia (Amp-Scz) ProNet and PRESCIENT multi-site studies. 
The final 11-item scale has been translated into multiple languages (eg, Spanish, Korean, Italian, German, and Traditional Chi-
nese script).

(3) The final scale includes several highly innovative features that we believe will enhance its utility and psychometric value:
a.Values used in anchors for avolition, anhedonia, and asociality items were created based on Ecological Momentary Assessment 
and social media data collected in conjunction with Study 1. The values tied to individual anchor ranges were based on quin-
tile estimates using data related to motivation, social desire, anticipation of pleasure, experienced pleasure, frequency of social 
interaction, frequency of goal-directed activity, social media use, and text behavior (details to be reported in the subsequent val-
idation study). These more objectively derived anchors were selected to be more psychometrically appropriate for the CHR pop-
ulation and capture the full range of normal to extreme levels of negative symptom pathology and avoid arbitrary designations 
made in older scales.
b.Electronic media items that capture the type of social behavior that is highly common among today’s youth; such behaviors are 
missed by older scales
c.Avoids outdated conceptualizations and construct conflation that affect scales widely in use by the field
d.Evaluates the 5 consensus domains that are emerging as the most valid conceptualization of the latent structure of negative 
symptoms across measures and phases of illness
e.Isolates primary negative symptoms and avoids conflation of secondary negative symptom sources
f.Isolates internal experience and behavior separately for avolition and asociality; the ability to observe dissociations between 
internal experience and behavior may be critical for observing treatment effects that often lead to behavioral change prior to in-
ternal experience.

https://academic.oup.com/schizophreniabulletin/
https://academic.oup.com/schizophreniabulletin/
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