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Background and Hypothesis: Processing speed dysfunc-
tion is a core feature of psychosis and predictive of con-
version in individuals at clinical high risk (CHR) for
psychosis. Although traditionally measured with pen-and-
paper tasks, computerized digit symbol tasks are needed
to meet the increasing demand for remote assessments.
Therefore we: (1) assessed the relationship between tradi-
tional and computerized processing speed measurements;
(2) compared effect sizes of impairment for progressive
and persistent subgroups of CHR individuals on these
tasks; and (3) explored causes contributing to task perfor-
mance differences. Study Design: Participants included 92
CHR individuals and 60 healthy controls who completed
clinical interviews, the Brief Assessment of Cognition in
Schizophrenia Symbol Coding test, the computerized
TestMyBrain Digit Symbol Matching Test, a finger-
tapping task, and a self-reported motor abilities measure.
Correlations, Hedges’ g, and linear models were utilized,
respectively, to achieve the above aims. Study Results:
Task performance was strongly correlated (r = 0.505). A
similar degree of impairment was seen between progres-
sive (g = —0.541) and persistent (g = —0.417) groups on the
paper version. The computerized task uniquely identified
impairment for progressive individuals (g = —477), as
the persistent group performed similarly to controls
(g = —0.184). Motor abilities were related to the compu-
terized version, but the paper version was more related to
symptoms and psychosis risk level. Conclusions: The paper
symbol coding task measures impairment throughout the
CHR state, while the computerized version only identifies
impairment in those with worsening symptomatology.
These results may be reflective of sensitivity differences, an

artifact of existing subgroups, or evidence of mechanistic
differences.

Key words: processing speed/clinical high-risk for
psychosis/progressive CHR syndrome/persistent CHR
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Introduction

Processing speed, typically operationalized using digit
symbol coding tasks, has been well established as the cog-
nitive domain associated with the largest impairment for
people with schizophrenia' and other individuals on the
psychosis spectrum.’ Recently, processing speed has be-
come important to assess in individuals with psychosis-
risk syndromes as well. In this clinical high risk for
psychosis (CHR) period, cognitive impairments are atten-
uated compared with what is observed in schizophrenia,
but processing speed remains one of the most impaired
domains,®?® particularly in individuals who later con-
vert to a psychotic disorder.'”!> As a result, digit symbol
coding is a critical component of the North American
Prodrome Longitudinal Study (NAPLS) risk calculator,
which estimates the vulnerability of converting to psy-
chosis.”!* However, in the growing landscape of remote
testing, and efforts to ease research burden with meas-
ures that are easy to administer and score, there is an
increased need for a computerized digit symbol measure
that matches the utility of the pen-and-paper versions.
Digit symbol coding tasks are associated with many
psychosis-related outcomes. Processing speed at least
partially accounts for the impairment seen in all other
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cognitive domains in individuals at CHR,® with first ep-
isode psychosis!* and with schizophrenia.’> In a longi-
tudinal study examining cognition in children who later
develop psychosis and their unaffected siblings, proc-
essing speed (measured by digit symbol coding) was 1 of
3 cognitive domains impaired by age 7, and the only do-
main that was impaired in the children who later devel-
oped psychosis compared with their unaffected siblings.'
Furthermore, processing speed is the cognitive domain
most related to functional impairment in people with psy-
chosis,!” with research indicating that it is the single best
domain to predict the level of future autonomy.'® Digit
symbol coding even explains some of the variance in
role functioning deficits" and predicts social functioning
in individuals at risk for psychosis.?® Taken together, it
is clear that processing speed measurement is crucial to
understanding cognition and the prediction of psychosis.

Researchers have tried to explain why this particular do-
main is so impaired in people on the psychosis spectrum.
For young adults without a psychiatric diagnosis, 35%
of the variance of digit symbol coding performance was
explained by speed tasks (half of which was graphomotor
speed), 34% by visual scanning tasks, and 4%-5% by
memory tasks.?! Unfortunately, a similar breakdown of
the digit symbol variance explained has not been done in
CHR populations. We do know that motor impairments
appear in individuals who are later diagnosed with a
psychotic disorder across their lifespan,”2* including in
graphomotor abilities,”*” which could explain some of
the impairment. It has been proposed that antipsychotic
medication explains the impairment,?®? but other studies
either did not find an effect of? or found improvement
with* medication. Medication also does not explain why
processing speed impairment is more severe in people who
later transition to a psychotic disorder.!®!! Alternatively,
elevations in negative symptoms (eg, avolition) may also
impact processing speed performance.’*! Age and chro-
nicity might also explain processing speed abilities, as im-
pairment is worse with early onset and chronic disorders,
though marked processing speed impairment remains re-
gardless of chronicity and age of onset compared with
other domains.?

Digit symbol coding is primarily assessed with a
traditional pen-and-paper measure. Participants are
shown a key where the numbers 1-9 are matched to
unique symbols. They are then given a page full of the
symbols in a random order and are asked to write in
the corresponding number from the key (or the other
way around). However, fueled by growing technology
and efforts to reduce the research burden, ignited by
the COVID-19 pandemic, and sustained by the ability
to recruit larger and more representative samples,
there is a need to develop comparable computerized
neurocognitive measures that can be given remotely.
Unfortunately, despite digit symbol coding being a
core cognitive assessment of the psychosis spectrum,
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an equivalent computerized version has not been estab-
lished. There have been several attempts to create one,
dating back to 1982.33% One popular computerized
adaptation was adopted into the Penn Computerized
Neurocognitive Battery.** People with schizophrenia are
impaired on this task,* but this task has not been di-
rectly compared with the paper version for individuals
on the psychosis spectrum, nor is it validated in the
CHR period. Additionally, the Brief Assessment of
Cognition app has a version that is highly correlated
with the paper version, but it requires special equip-
ment and software to administer.’*¥” While there has
been tremendous utility in these computerized proc-
essing speed tasks, they have not yet been validated as
an easily scalable replacement for the classic pen-and-
paper version in the CHR population.

In response to the need to create valid computerized
versions of timed, performance-based experiments, the
TestMyBrain group created a novel computerized bat-
tery that is readily available for use.*® The Digit Symbol
Matching Test (DSMT) from this battery is a compu-
terized digit symbol coding task that has been validated
in a very large sample including data from across the
world.*# Another benefit to this test is that it is free to
use and easily accessible, increasing its clinical utility. In
this version, participants see a similar key as the paper
version, but each of the 9 symbols are matched with the
numbers 1, 2, or 3. Participants are shown symbols one at
a time and instructed to press the number that matches it.
Up to this point, however, this novel computerized assess-
ment of processing speed has not been directly compared
with the pen-and-paper version.

The Computerized Assessment of Psychosis Risk
(CAPR)* project presents a unique opportunity to di-
rectly compare the pen-and-paper symbol coding task
with this computerized adaptation. Thus, the current
study sought to leverage data from the CAPR project
to examine 3 primary aims. (1) Assess the conver-
gent validity of the Brief Assessment of Cognition in
Schizophrenia (BACS) Symbol Coding test (referred
to as BACS Symbol Coding [BSC] for brevity) and the
TestMyBrain DSMT; (2) Compare these 2 tests in their
ability to measure processing speed impairment in CHR
individuals who are in progressive or persistent phases
of their syndromes. As the BSC is typically found to
be the test with the largest impairment in psychosis-
spectrum disorders, we hypothesized that the BSC
would measure larger impairment than the DSMT; and
(3) Explore the causes of any observed differences in
performance on these tasks. We hypothesize that motor
ability (as examined by Finger Tapping and the Motor
and Activity Psychosis-Risk Scale), attenuated posi-
tive and negative symptomatology, and psychosis risk
estimates will have a greater impact on the performance
of the BSC Symbol Coding test compared with the
DSMT.



Methods

Participants

369 individuals aged 15-34 years old were recruited to
participate in CAPR, a multisite study aimed to im-
prove the prediction of conversion to psychosis among
CHR individuals. The protocol was approved through
a central Institutional Review Board process managed
by Northwestern University and approved at all other
sites. Participants were recruited from all over the United
States by 7 participating universities: Northwestern
University, University of California at Irvine, University
of Maryland-Baltimore County, University of Georgia,
Emory University, Yale University, and Temple
University. Participants who completed any part of
the study were 240 CHR individuals and 129 healthy
controls (HC). However, the DSMT was introduced into
the testing battery a year into data collection and data is
missing on both tasks for several participants (see sup-
plementary material). Therefore, data were available for
60 HCs and 92 CHR individuals on both tasks and thus
are used for all main text analyses. Demographics are
described in table 1. An additional subset of individuals
completed just one of the tasks, and a replication of aims
2 and 3 with all available data can be found in supplemen-
tary material.

Participants ~ completed  clinical  assessments,
questionnaires, and computerized cognitive tasks across
multiple virtual visits. Participants were excluded if they
endorsed a lifetime intellectual disability, history of tic
disorder, neurological disorder, psychotic disorder, or if
they sustained a moderate to severe traumatic brain in-
jury (rated 7 or higher on the NAPLS-2 TBI Screener).
HC were also excluded if they endorsed past or cur-
rent serious psychopathology on the Structured Clinical

Table 1. Demographics and clinical information

Paper and Computerized Digit Symbol Comparison

Interview for the DSM-5% (note: past mild substance use
was allowed). Participants in the CHR group met for ei-
ther progressive or persistent psychosis-risk syndrome
criteria (see SIPS below).

Measures

BACS Symbol Coding (BSC).*4¢ Participants are shown
a key where the digits 1-9 are matched with various
symbols. Below, the remainder of the page is filled with
the same symbols in a randomized order. Participants are
instructed to match as many numbers to the symbols from
the key as they can in 90 seconds going in order, without
skipping any, until they are told to stop. This measure
was administered remotely while being monitored by
trained research staff via zoom. The primary measures
used for this study are the total correct responses and
total number of trials completed.

TestMyBrain Digit Symbol Matching Test (DSMT).*4
This test was developed as a computerized version of
the BSC. Similar to the BSC, participants are given a
key that matches digits to 9 symbols. However, for the
DSMT, the numbers 1-3 are repeated 3 times. In this
test, test symbols are shown on screen one at a time until
participants press the 1, 2, or 3 keys, with the intention
of pressing the key that matches the symbol. Participants
are instructed to match as many digits to symbols as they
can in 90 seconds. Though this measure was administered
remotely, trained research staff supervised participants
via zoom to assure task compliance. The primary meas-
ures used for this study are the total correct responses and
total number of trials completed.

Structured Interview for Psychosis-Risk Syndromes (SIPS).Y
The SIPS is a semi-structured interview to assess

HC (n=60) CHR Persistence (n=40) CHR Progression (n=52) Significant Differences

Demographics

Age 24.09 (4.25) 24.16 (4.98) 23.12 (4.62) ns

% Female 56.7 72.5 73.1 ns

% White 48.3 62.5 59.6 ns

% Black 16.7 17.5 26.9 ns

% Asian 38.3 25.0 21.2 HC > Prog

% Indigenous 0.0 7.5 9.6 HC < Prog
Clinical Information

SIPS P1 0.59 (0.75) 2.90 (1.34) 3.52(1.23) HC < Pers < Prog

SIPS P2 0.36 (0.61) 2.48 (1.38) 1.96 (1.50) HC < Pers & Prog

SIPS P3 0.15(0.45) 0.88 (1.07) 1.29 (1.54) HC < Pers & Prog

SIPS P4 0.34 (0.63) 2.17 (1.55) 3.04 (1.08) HC < Pers < Prog

SIPS P5 0.30 (0.59) 1.55(1.11) 1.69 (1.26) HC < Pers & Prog

NSI-PR Avolition 1.00 (0.71) 3.38 (2.08) 3.54 (1.91) HC < Pers & Prog

NSI-PR Asociality 4.00 (1.41) 5.22(2.97) 5.62 (2.73) ns

NSI-PR Anhedonia 3.25(0.96) 2.67 (2.50) 2.94 (2.90) ns

NSI-PR Blunted Affect 2.00 (1.58) 2.79 (2.87) 4.42 (4.86) HC < Prog

NSI-PR Alogia 0.00 (0.00) 0.56 (0.91) 0.59 (0.80) HC < Pers & Prog
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psychosis-risk syndromes, which has shown predictive va-
lidity of conversion to psychosis, in addition to specificity
and interrater reliability.* Those diagnosed with CHR
syndrome are further classified as progression or per-
sistence. Progression indicates that symptoms started or
worsened in the last year, while persistence indicates that
symptoms were consistent or lessening (but still present)
in the last year. SIPS interviews were administered by
certified assessors who underwent extensive training led
by a SIPS-certified trainer and met reliability standards.
Additionally, all CHR diagnoses were verified during
multisite consensus meetings.

Negative Symptom Inventory-Psychosis Risk (NSI-PR).*-!
The NSI-PR is a semi-structured interview designed to
assess the presentation of negative symptoms in the CHR
population. This interview generates ratings for 5 nega-
tive symptom domains: avolition, anhedonia, asociality,
blunted affect, and alogia.

Wide Range Achievement Test, Reading Subtest (WRAT).%
Participants are given a list of words with increasing dif-
ficulty and irregularity and are instructed to read the
words in order until they get to the end and are instructed
to stop. The WRAT was used as an estimate of intelli-
gence quotient (IQ).

Finger-tapping Speed Condition.*' This is a computer-
ized version of the neuropsychological finger-tapping
test. Participants are instructed to press a key on the key-
board as fast as they can for 30 seconds. Participants al-
ternate hands, totaling 3 trials for each hand. The average
taps in 30 seconds per dominant hand was the variable
used in this study.

Sensorimotor and Activity Psychosis-Risk Scale (SMAP-R).>
This 14-item questionnaire includes questions about early
developmental motor delays, the frequency of abnormal
sensorimotor experiences, general assessments of sensori-
motor function, and frequency of physical activity. There
is an Activity scale and a Motor Abnormalities scale. The
Motor Abnormalities scale can be further broken down
into Coordination and Dyskinesia subscales. The Motor
Abnormalities scale is of interest in this study.

Analyses

Analyses were conducted in R v4.2.2.3 For aim 1, we
examined the correlation between the BSC and DSMT
total scores, as well as the number of trials seen (in-
cluding incorrect trials). Furthermore, we analyzed the
partial correlations controlling for WRAT to examine
how much of the correlation is partialed out when con-
sidering a rough 1Q estimate.

For aim 2, we calculated the Hedges’ g effect sizes to
assess how processing speed ability differs in persistent
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and progressive CHR states compared with controls on
these tasks.

For aim 3, we first used linear regression to identify
whether motor ability on both the MAP-R and finger
tapping predicted performance on either of these tasks.
Linear regressions were also used to assess whether pos-
itive and negative symptomatology predicted symbol
coding ability. Each of the 5 positive symptoms assessed
on the SIPS along with the total score and each of the 5
negative symptoms assessed on the NSI-PR and its total
score were used to predict the total correct score on both
the BSC and the DSMT. Lastly, we assessed whether
the SHARP-SIPS-risk calculator® could predict perfor-
mance on either the BSC or DSMT.

Results

Descriptive statistics and distribution of scores for the
BSC and DSMT primary variables can be found in
supplementary table S1 and supplementary figure SI.
Total correct scores on the BSC and DSMT were sig-
nificantly correlated [r = 0.505, 95% CI =0.376-0.615,
P =3.16e—11], even when controlling for WRAT IQ
[r,=0471, 95% CI=0.376-0.555, P =15le-17],
indicating a high effect size of agreement. This was sim-
ilar for total trials completed [r = 0.504, 95% CI = 0.364—
0.622, P =8.34e—10; WRAT IQ controlled r,= 0.405,
95% CI =10.305-0.497, P =5.09¢e—13]. Since total cor-
rect trials are the typical primary dependent measure for
digit symbol, and relationship is similar for total trials
completed, the remainder of results will focus on total
correct trials. Of note, the BSC had an average accuracy
of 99.5% % 1.3% while the DSMT had an average accu-
racy of 95.7% * 3.7%, which is a significant difference
[#(138)=11.74, P < 2.2e—16]. Distributions of the accu-
racy rates can be found in supplementary figure S2 and
there were no outliers on accuracy.

Next, we examined the effect size of processing speed
ability differences in people with CHR progression and
persistence on the BSC and DSMT compared with HCs
(see figure 1). On the BSC, individuals whose CHR
symptoms had progressed in the last year performed sig-
nificantly worse compared with HCs [g = —0.540]. Those
with persistent symptoms had similar impairment to pro-
gressive individuals on the BSC[g = —0.417]. Interestingly,
the DSMT yielded a separation of performance between
progressive and persistent CHR individuals. Similar to
the BSC, individuals with a progressive CHR syndrome
showed significant impairment compared with HCs
[¢ = —0.477], while persistent individuals performed simi-
larly to HCs [g = —0.184]. When examining the effect size
of processing speed ability for progressive individuals
compared with persistent, there is a negligible difference
on the BSC [g = —0.116, 95% CI: —0.531 to 0.298], but
there was a small effect size difference on the DSMT
[g =-0.329, 95% CI: —0.746 to 0.089]. This pattern is
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Fig. 1. Effect sizes of processing speed ability differences in individuals with progressive and persistent CHR syndromes relative to
HCs. The black dotted line is the reference for HCs and the circles and triangles represent the effect sizes. The error bars represent 95%

confidence intervals.

even more pronounced in the replication that included all
individuals who did just one of the tasks (figure S3).
Since there are differences in the way the BSC and
the DSMT measure processing speed ability in CHR
individuals, we conducted secondary analyses to under-
stand why. As the BSC appears to be more motorically
demanding and there is established motor slowing in
individuals at CHR, we hypothesized that motor ability
could be driving these differences. However, finger-tapping
speed did not predict BSC score [ = 0.154, 1(149)=1.293,
P =.198], and did predict DSMT score [b=0.213,
1(149)=2.613, P =.010]; these findings did significantly
differ. However, self-reported motor functioning did

not predict either the BSC [b = —0.235, #(159)= —1.257,
P = 211]or DSMT [b = 0.058, #(159) = 0.434, P = .665].

We also considered that symptomatology could explain
the differing performances observed on the BSC and
DSMT. For attenuated positive symptoms, Persecution
[6=-1.168, #(159)=-2.047, P =.042], Disorganized
Communication [6=-1.628, 1(159) = —=2.251,
P =.026], and total positive symptoms [b = —0.326,
1(158) = —2.022, P = .045] negatively related to BSC total
score, while DSMT negatively related to Unusual Ideas
[6=-0.756, #(159)=-2.103, P =.037], Disorganized
Communication [b = —1.091, #(159) = —-2.127, P = .035],
and total positive symptoms [ = —0.226, #(158) = —1.982,
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P = .049]. For negative symptoms, asociality [» = —1.220,
1(102) = —=3.465, P = .0008] and total negative symptoms
[6=-0.282, #98)=-2.307, P =.023] negatively re-
lated to BSC score. Asociality also negatively related to
DSMT score [b=-0.566, #(102) =-2.208, P =.030],
which was significantly less strong than the relation-
ship with the BSC. The BSC was negatively related
to the SHARP group’s SIPS-Risk Calculator score
[6=-1.52, #102)=-2.338, P =.0213], whereas the
DSMT was not [ = —0.646, #(102) = —1.797, P = .075],
which was a significant difference. However, the DSMT
total score was related to the NAPLS Risk Calculator
[1 year: b =—0.424, 1(144) = —2.859, P =.005; 2 years:
b =-0.329, t(144) = —2.885, P = .005]. The relationship
between the BSC and the NAPLS Risk Calculator was
not assessed as the BSC score is part of their risk cal-
culation. These relationships were mostly replicated in
the larger sample, although the relationship to positive
symptoms was stronger for the BSC (see supplementary
material).

Discussion

In this study, we compared a classic pen-and-paper
symbol coding subtest from the BACS to a novel com-
puter adaptation from the TestMyBrain team. With
remote assessments increasing in frequency, it is im-
perative to have a computerized processing speed task
alternative, as this domain is particularly impaired in
psychosis-spectrum disorders. The two digit symbol tests
were strongly correlated, even when accounting for 1Q.
When examining how individuals at CHR differed from
HC in their processing speed ability, those with a progres-
sive CHR syndrome had a significant impairment on the
BSC which was marginally more severe than those with
a persistent syndrome on the BSC. This impairment was
similar for the progressive CHR subtype on the DSMT,
but persistent individuals performed more similarly
to controls on this task. Though the BSC captured the
hypothesized symbol coding impairment better than the
DSMT, the DSMT was better at differentiating progres-
sive from persistent CHR individuals.

We first examined whether individuals performed sim-
ilarly on the BSC and DSMT. The two symbol coding
tasks were strongly positively correlated, both in terms
of the standard measurement of total correct trials
and the total number of trials completed. This rela-
tionship remained true even when considering the ef-
fect of estimated IQ on processing speed abilities. Thus,
individuals who performed well on the classic pen-
and-paper version of the task generally did well on the
novel computerized version. Notably, this relationship is
not as strong as what has been observed with the Brief
Assessment of Cognition (BAC) app and remote ver-
sion of the same measure, which has a correlation of
about 0.8 with the BSC in 3 different populations (not
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tested in CHR populations).***” In the BAC app version,
participants enter numbers on a digital keypad below the
prompted symbol. It may be that the symbols each have a
unique number associated with them, like the BSC, which
might foster a stronger association between the symbols
and the numbers. However, currently, the BAC app ver-
sion requires special hardware (iPads) and software, and
therefore the TestMyBrain version may be an acceptable
replacement for widespread remote administration when
those specialized conditions are not possible.

We then assessed how CHR individuals who had either
progressing symptoms or persistent symptoms performed
compared with HCs on these tasks. Individuals with
a progressive CHR syndrome were impaired by an ef-
fect size of about 0.5 HCs on both tasks. This finding
i1s somewhat attenuated, though in agreement, with pre-
vious literature examining processing speed abilities
in CHR individuals.*® However, performance on
these tasks diverged when examining individuals with
a persistent CHR syndrome. On the BSC, persistent
individuals performed only marginally better than pro-
gressive individuals, whereas on the DSMT, persistent
individuals were only negligibly impaired compared with
HCs. This was surprising given the knowledge that the
BSC differentiates converters from nonconverters'*!" and
that it is among the tasks that best differentiates people
who remit in their CHR syndrome from nonremitters.*

There is little extant research separating progressive and
persistent individuals, and it is notable that differences
between these groups would be observed using one proc-
essing speed measurement, but not another. To attempt
to explain this anomaly, we assessed how performance on
these two tasks related to motor ability, current attenuated
positive and negative symptoms, and overall psychosis
vulnerability. Against out hypothesis, finger-tapping
speed was positively related to the DSMT, but not the
BSC. It is possible that this relationship may be driven by
the fact that the finger-tapping task and DSMT both in-
volve key presses as their motor movements, whereas the
BSC requires graphomotor movements. Though there
is limited research on finger-tapping deficits in CHR
individuals, one study found significant motor slowing
compared with HC on a finger-tapping task,” although
differences between those with progressive and persistent
syndromes has not been examined. Previous literature
supports that significant motor abnormalities are present
in the CHR period?5357-%° and that they are predictive of
conversion to a psychotic disorder.??+¢%2 However, self-
reported motor symptoms did not relate to performance
on either the BSC or DSMT, and does not explain the
performance deficit on either task or the progression/per-
sistence divide on the DSMT.

Positive symptoms were weakly related to both tasks
(though this relationship was stronger for the BSC
in supplementary material replication), but negative
symptoms related significantly more strongly with the
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BSC than the DSMT. There is no literature establishing
a relationship between attenuated positive symptoms
and digit symbol coding behavior, but there is evidence
that negative symptoms might worsen performance.?*?!
In our sample, negative symptoms do not differ signif-
icantly between persistent and progressive individuals.
Therefore, the influence that negative symptoms have on
the BSC may partially explain why both CHR subgroups
performed similarly. Additionally, BSC scores were re-
lated to the SHARP group’s SIPS-Risk Calculator,
which is calculated from the change in functioning and
a subset of attenuated positive, negative, and general
psychopathy symptoms, but the DSMT was not. This
adds complexity; while the DSMT 1is associated with
progression, it does not align with risk for conversion
scores using this model. However, this finding is not in-
herently paradoxical, as there is no research examining
conversion rates in progression versus persistent
individuals. Interestingly, the DSMT did relate to the
NAPLS risk calculator, which is calculated based on
positive symptoms, age, BSC, Hopkins Verbal Learning
Test, trauma, functioning, and familial history. Some of
this relationship may be explained by the relationship
with the BSC, but as the DSMT’s relationship with the
NAPLS risk calculator is stronger than its relationship
with the BSC, some of the other variables in the NAPLS
risk calculator may provide important clues about the
progression/persistence divide observed in this study.
Overall, both tasks did relate to psychosis risk and the
nature of these associations may yield novel insights
and questions regarding processing speed mechanisms.

Our results provide important information about psy-
chosis and psychosis risk. First, we add to the growing ev-
idence that an impairment in processing speed is present
before the onset of schizophrenia and other psychotic
disorders. Second, this processing speed deficit may be
more severe in people with worsening symptoms and a
recent progression toward the psychosis threshold. Third,
there may be a computerized digit symbol option that can
be easily disseminated in remote studies without the need
for specialized hardware or software. Additionally, this
computerized task may also have utility for parsing out
individuals with progressing symptoms and potentially
even the prediction of schizophrenia and other psychotic
disorders.

This study has several limitations. There is a relatively
modest sample size per group and a larger sample might
provide further insights into the differences that were
observed between the BSC and the DSMT. Additionally,
the DSMT was completed on personal devices, and ac-
cording to https://testmybrain.org/RDOC_Report/, device
latency might affect scores and therefore any added vari-
ance could have created noise that may have impacted our
findings. However, the TestMyBrain teams reports that this
is more of a concern for nonlaptop and desktop devices,
which were not allowed in the present study. Furthermore,

Paper and Computerized Digit Symbol Comparison

the study was limited by the other assessments that were
available. Other measures (ie, graphomotor, oculomotor,
executive functioning, etc.) might explain performance on
one or both of these tasks better. Future studies should
also include individuals who converted to a psychotic
disorder in order to clarify whether the progression vs
persistent finding on the DSMT infers an increased likeli-
hood to convert to a psychotic disorder.

This is the first study to identify differences in per-
sistent and progressive CHR syndromes. It remains
unclear why the DSMT measures processing speed im-
pairment in the progression CHR subtype, but not
in the persistent subtype, while the BSC measures im-
pairment in both subtypes. One likely possibility is that
these results reflect sensitivity differences, with the BSC
having more sensitivity to detect processing speed im-
pairment, while the DSMT is only sensitive enough to
capture more severe impairment. Another explanation
could be that the DSMT is revealing the effect of true
CHR subgroups. As of now, there is no evidence that
psychosis conversion rates differ between persistent and
progressive CHR individuals, so the DSMT might be
separating CHR individuals into innate subgroups based
on something other than psychosis risk. Lastly, it may
be possible that performance on the BSC is driven by
mechanisms core to psychosis vulnerability and symp-
tomatology, whereas the DSMT might be specifically
sensitive to mechanisms compelling worsening positive
symptom psychopathology. Despite the benefits of re-
mote testing (less training and scoring time, recruitment
of larger samples, precise measurement, potential for
computational modeling, etc.) and the need for a com-
puterized assessment of processing speed, more research
is needed before a recommendation can be made about
whether the DSMT is an adequate alternative to the BSC
to assess processing speed abilities in CHR individuals.
Furthermore, it is possible that there could be different
uses for the two tests depending on the specific research
question. However, since individuals perform similarly
on both tasks and both identify impairment, it is best to
use whichever processing speed task is available for im-
plementation in your study.

Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin Open online.
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