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Abstract

Background and objectives: To explore the discriminatory ability of a decision tree model based

on cognitive testing data for the differential diagnosis of schizophrenia.

Methods: This study enrolled 82 patients with schizophrenia and 82 patients with affective dis-

orders. The cognitive function of the two groups of participants was assessed based on learning,

symbol coding, digital span, trail making, and category fluency tests. The logistic regression

model in the sklearn package in Python was applied to discriminate and analyse the data for all

11 variables in the MATRICS Consensus Cognitive Battery (MCCB).

Results: The recognition rate for schizophrenia and affective disorder using all 11 variables of

the MCCB was 82%.

Conclusion: The logistics model based on cognitive data distinguished patients with schizophre-

nia from those with affective disorder.
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Introduction

Schizophrenia is a mental disorder characterized by halluci-
nations, delusions, and cognitive dysfunction. This condition
has a high disability rate and a lifetime prevalence rate of

0.6%.1 At present, the diagnosis of schizophrenia mainly
depends on doctors' judgment, as objective and quantifiable
indicators are lacking. Cognitive deficits are one of the main
symptoms of schizophrenia. These are the primary symp-
toms of schizophrenia rather than a result of the disease and
are also an important factor affecting the social function
and prognosis of patients.2-5 Cognitive deficits in schizophre-
nia may be objective disease markers with clear auxiliary
diagnostic value.6,7 Affective disorder is the most common
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type of mental illness, with a lifetime prevalence rate as
high as 7.4%, with depression accounting for 6.8% and bipo-
lar disorder accounting for 0.6%.1 Patients with affective dis-
orders also have varying degrees of cognitive deficits.8,9

The MATRICS Consensus Cognitive Battery (MCCB) for
schizophrenia is often used as an evaluation tool to assess
cognitive function in mental illness.10,11 The MCCB was trans-
lated and revised by Chuan Shi and colleagues, standardized
in the Chinese culture, and has good reliability and validity,
with test-retest reliability ranging from 0.73 to 0.94.12,13 The
MCCB contains seven dimensions, each of which includes one
or more measurement indicators. For example, the spatial
span test includes two indicators: the forward and backward
spatial span test scores. Many studies have shown that
patients with schizophrenia have lower scores than unaf-
fected controls on almost every dimension and each subtest
of the MCCB.14-16 Therefore, a cognitive index system based
on cognitive measurement indicators, especially a cognitive
index system containing multiple cognitive measurements,
may be helpful for the auxiliary diagnosis of diseases.

Patients with schizophrenia have a certain degree of
affective cognitive impairment17,18 that is often accompa-
nied by depressive symptoms.19 It is difficult to distinguish
between schizophrenia and affective disorders based on tra-
ditional experience. In recent years, an increasing number
of studies have used machine learning for the auxiliary or
differential diagnosis of diseases.20 A decision tree algorithm
is a machine learning algorithm, first described in "Experi-
ments in Induction" by E. B. Hunt et al. in 1966; however, it
was Ross Quinlan who made decision tree a mainstream
machine learning algorithm (in 2011, he won the most pres-
tigious award in the field of data mining, the Knowledge Dis-
covery and Data Mining [KDD] Innovation Award). Quinlan
proposed the Iterative Dichotomiser 3 (ID3) algorithm in
1979, which stimulated decision tree research.

The present study applied machine learning methods to
analyse cognitive test data to identify new methods for per-
forming a differential diagnosis of schizophrenia and affec-
tive disorders. This study also used these methods to
integrate cognitive test data and evaluate the effect of cog-
nitive variables on the differential diagnosis of schizophre-
nia and affective disorders.

Methods

Participants

Schizophrenia group: 82 patients with schizophrenia were
selected from the Peking University Sixth Hospital. The
enrolment criteria were: 1) meeting the diagnostic criteria
for schizophrenia according to the fourth edition of the Diag-
nostic and Statistical Manual of Mental Disorders in the
United States (DSM-4) and 2) age 18−60 years, with an
education level above elementary school.

Affective disorder group: 82 patients with affective disor-
der were selected from the Peking University Sixth Hospital.
The enrolment criteria were: 1) meeting the diagnostic cri-
teria for affective disorder according to the DSM-4 and 2)
age 18−60 years, with an education level above elementary
school.

The exclusion criteria were: 1) associated mental retar-
dation or cerebral organic diseases; 2) severe decline or
impulsive excitement and uncooperativeness; 3) substance
abuse; 4) hearing or visual impairment; and 5) severe physi-
cal illness.

The general clinical information is shown in Table 1. The
study was approved by the Ethics Committee of Peking Uni-
versity Sixth Hospital (approval number 2009_1) and all par-
ticipants signed an informed consent form before the test.

Table 1 Comparison of basic information and cognitive function between patients with schizophrenia and patients with affec-

tive disorders.

Schizophrenia (n=82) Affective disorder (n=82) F/t p

Gender <0.001 1.000

Male 41 41

Female 41 41

Education level <0.001 1.000

Primary school 3 3

Junior high school 12 12

High school 33 33

Associate degree 24 24

Bachelor’s degree or higher 10 10

Age 35.18§7.47 32.99§8.98 1.694 0.092

HVLT-R Trial 1 total recall score 4.89§1.69 6.04§2.03 -3.938 <0.001

HVLT-R Trial 2 total recall score 6.95§2.42 7.84§2.09 -2.590 0.010

HVLT-R Trial 3 total recall score 8.12§2.37 8.94§2.32 -2.233 0.027

HVLT-R delayed recall total score 6.71§3.09 6.8§3.1 -0.202 0.840

HVLT-R true-positive recognition hits 6.83§4.08 8.24§3.19 -2.473 0.014

HVLT-R false-positive errors 0.84§1.55 1.43§1.52 -2.438 0.016

Total score for symbol coding 24.12§9.04 28.05§9.29 -2.743 0.007

Total time of trail making 66.51§44.96 43.4§22.61 4.159 <0.001

Forward spatial span test score 4.94§3.28 5.02§3.6 -0.159 0.874

Backward spatial span test score 4.89§2.65 5.1§2.35 -0.53 0.597

Category fluency total score 19.04§6.16 21.43§5.72 -2.575 0.011
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Assessment instruments

Hopkin’s verbal learning test-revised (HVLT-R)

This instrument examines the ability to learn and instantly
recall, retain, and regenerate word information and to rec-
ognize words after a delay. A list of 12 words (three semantic
categories with four words in each category) was presented
to the participants three times. After each presentation,
the participants were asked to recall as many words from
the list as possible in any order. Twenty to 30 minutes after
the three presentations, the participants were asked to
recall the words on this list. Subsequently, a list of 24 words
was read to the participants; the words were read one at a
time, and the participants were asked if each word has
appeared on the original list. The words presented at the
recognition stage included the original words, words with
the same semantic classification, and unrelated words. The
recorded results included the number of correctly named,
repeated, and inserted words in trials 1, 2, and 3; delayed
recall and re-recognition; and the number of true and false
positive words identified in the re-recognition test. The
present study used the total numbers of recalls and delayed
recalls on the HVLT-R to reflect the patients' verbal learning
and memory function.

Symbol coding test

This test is a subtest of the Chinese version of the Brief
Assessment of Cognition in Schizophrenia (BACS). It is used
to measure the speed of information processing and includes
attention and writing exercises. The participants are asked
to select the numbers that match different symbols and to
fill in the blanks within 90 seconds using a standard
template.

Trail making test

This test is a subtest of the Halstead−Reitan (H-R) Neuropsy-
chological Battery. The participants are required to draw a
line connecting circles numbered from 1 to 25 that are ran-
domly distributed on a 16K-resolution screen in descending
order. The completion time and number of errors are
recorded. In addition to measuring the speed of information
processing, the test also reflects the participants' attention,
cognitive ranking ability, and visual-spatial function.

Spatial span test

This test is similar to the digital span test in the Wechsler
Adult Intelligence Scale III (WAIS-III); the only difference is
that it is presented visually rather than auditorily. The spa-
tial span test board has 10 squares, each with a number
from 1 to 10 printed on the side facing the examiner. Two
operations are performed for each sequence length. Two
sequence arrangements of the same length are not the
same; only the number of blocks that need to be tapped is
the same. The present study used the total spatial span scale
to reflect the participants' visual-spatial working memory.

Category fluency test

This test requires participants to name as many words as
possible within a specific category, such as "animals",
"actions", "vegetables", and "vehicles", in 1 minute. This
study used the widely used "animals" category for testing.
The task required for this test is different from tasks that

involve naming words that start with the same sound or the
same single word as category fluency tests can activate oral
word associations through concepts and categories. The
score was the total number of correctly named words. The
numbers of repetitions (repeating a correct word) and inser-
tions (words that do not meet the guidelines, such as words
that do not fit the category) were also recorded. Many neu-
rocognitive functions are involved in word fluency, which
usually reflects information processing speed, vocabulary
size, semantic memory, working memory, suppression, and
concept maintenance.

Statistical methods

General data processing

Statistical analysis of the demographic data was conducted
in IBM SPSS Statistics for Windows, version 22.0. T-tests
were used to compare the age of the groups, while chi-
square tests were used to compare sex and education levels
between the groups.

Analysis of decision tree structure

The entire data analysis runs on Python software, and the
source code are shown in Fig. 1. The diagnostic classifier was
based on decision tree analysis using a machine learning
approach. In this study, 80% and 20% of the data were used
for training and testing, respectively.

Results

Patient age, sex, and education level did not differ sig-
nificantly between the schizophrenia and affective disor-
der groups. Immediate recall, symbol coding, trail
making, and category fluency differed significantly
between the groups. The performance of the schizophre-
nia group was worse than that of the affective disorder
group, with the schizophrenia group showing fewer cor-
rections and a longer response time. Delayed recall and
spatial span did not differ significantly between the
groups (Table 1).

To compare the individual scores of the two groups of
patients, scatterplots of eight cognitive test indicators
that showed significant differences between the two
groups of patients were created. Although the two groups
showed significant differences in their average scores, a
high degree of data overlap at the individual level was
observed (Fig. 2).

The decision tree analysis method was used to incorpo-
rate all 10 variables of the cognitive test scale. Deep
machine learning and recognition were performed for the
cognitive performance of the patients with schizophrenia
and affective disorders. The recognition accuracy rate was
82%. The details are listed in Table 2 and Fig. 3.

Discussion

This study examined the cognitive function of patients with
schizophrenia and affective disorder through multiple
dimensions and observed significant differences between
the two groups. The results of the decision tree analysis
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showed a correct recognition rate as high as 82% with the use
of cognitive tests to distinguish schizophrenia from affective
disorders.

Previous studies have reported differences in cognitive
function between schizophrenia and affective disorders.19,21

The cognitive impairment in schizophrenia is more serious,
which may be related to the older age and lower education
level of patients with schizophrenia.22 The present study
strictly matched the two groups of patients by age and edu-
cation level. Other than digit span, all other cognitive abili-
ties were worse in patients with schizophrenia than in those
with affective disorders, a finding that may be related to the
disease itself.

At present, few classification studies have applied a
logistics model based on cognitive indicators for the com-
parison of schizophrenia and affective disorder. In this
study, patients with schizophrenia and patients with
affective disorders showed significant differences in mul-
tiple cognitive indicators but had large overlaps in a

single cognitive indicator (Table 1); thus, it is difficult to
distinguish the two groups using a single indicator. This
problem can be solved through machine learning meth-
ods. The results of this study provide a reference for
future research of the same type and for clinical auxil-
iary diagnosis based on cognitive deficiencies.
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Fig. 2 Scatterplots of the results of cognitive tests.

Fig. 1 Python source code for decision tree analysis.
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Table 2 Sensitivity and specificity of the decision tree analysis of schizophrenia and affective disorder.

Clinical diagnosis

Decision tree analysis Schizophrenia Affective disorder Total

Schizophrenia 9 1 10

Affective disorder 5 18 23

14 19 33

Fig. 3 Analysis steps of the decision tree for classifying schizophrenia and affective disorder.
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