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Objective: This single-arm study aimed to explore the acceptability and effectiveness of a digital cognitive training software (IBT-004) 
in patients with stable schizophrenia.
Methods: This study conducted an 8-week home-based cognitive training program, IBT-004, for patients with stable schizophrenia. 
Forty-seven participants were recruited from Peking University Sixth Hospital and Hebei Provincial Mental Health Center. IBT-004 
focused on improving cognitive function through independent tasks. Cognitive function was assessed using the Chinese Brief 
Neurocognitive Suite of Tests (C-BCT) and self-report scales, with additional evaluation of the program’s acceptability and feasibility.
Results: After 8 weeks of cognitive training, patients showed significant improvements in total cognitive scores, Digit Span, and Trial 
Making Test (P < 0.05). Subjective cognitive distress significantly decreased (Z = −3.758, P < 0.001). Age (B = −0.532, β = −0.476, 
P < 0.05) and training duration (B = 0.273, β = 0.340, P < 0.05) were significant predictors of Continuous Performance Test scores (F 
= 3.884, P < 0.05). Patients showed high acceptance of the software. Enjoyment scores (1–5 scale) ranged from 3.46 to 4.14, and 
difficulty scores (1–5 scale) ranged from 2.31 to 2.86, with no significant changes over time (P < 0.05). The average training time was 
36.89 hours, and adherence reached 92.24%, indicating strong engagement and compliance.
Conclusion: This study showed that a home-based online cognitive training program improved cognitive function in patients with 
stable schizophrenia. Significant gains were seen in overall cognitive scores, processing speed, and attention. Participants also reported 
reduced cognitive distress. Younger age and longer training hours were linked to better outcomes. The program had high adherence, 
supported by personalized adjustments and engaging features. These results confirm the program’s feasibility and effectiveness for 
cognitive improvement in schizophrenia.
Clinical Trials Registration: ChiCTR2200055930.
Keywords: stable schizophrenia, cognitive training, digital cognitive training software, Chinese brief neurocognitive suite of tests, C-BCT

Introduction
Schizophrenia is a severe and lifelong mental disorder. According to data from the 2019 national epidemiological survey, 
the lifetime prevalence of schizophrenia in China is 0.6%, indicating that there are over 8 million individuals with 
schizophrenia nationwide.1 Typically emerging in adolescence or early adulthood, schizophrenia often requires medica-
tion, and many patients experience residual symptoms such as cognitive decline, lack of motivation, emotional apathy, or 
mood instability. As a result, many patients struggle to pursue education and employment. Some individuals with severe 
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residual symptoms are unable to live independently and require long-term care from family members. A study published 
in 2019 revealed that the annual direct economic burden of schizophrenia for patients in China was 963 RMB, while the 
indirect economic burden primarily caused by absenteeism amounted to 11,724 RMB, exceeding the average annual 
household expenditure (11,641 RMB).2

It is increasingly recognized that cognitive dysfunction is a core dimension in schizophrenia, which occurs before the 
first psychotic episode and persists throughout the course of the illness.3 With the establishment of MATRICS Consensus 
Cognitive Battery (MCCB), research on cognitive impairments in schizophrenia gained a huge progress. A meta-analysis 
in 2011 found that patients with stable schizophrenia show cognitive impairments in various domains, including speed of 
processing, attention or vigilance, working memory, verbal learning, visual learning, reasoning or problem solving, and 
social cognition, which are about 1–2 standard deviations below the average level.4 In the clinic, we may often hear from 
our patients complaining that I cannot pay attention to read books, so I cannot continue my study or I cannot understand 
the word of others, so it is hard for me to build a friendship.

A meta-analysis in 2019 revealed that cognitive function in patients with schizophrenia is positively correlated with 
their social function.5 Qualitative studies in patients with schizophrenia and their primary caregivers showed that social 
function and cognitive function are all regarded as important outcomes.6 Especially, for young patients living in cities, 
they are eager to regain the ability to study and work. Therefore, nowadays, the treatment target of schizophrenia has 
been shifted from the control of clinical symptoms to the improvement of social function.7 We believe that, by improving 
the cognitive function of patients with schizophrenia, we could improve their social function, and then improve their 
quality of life, alleviate caregiver burden, and reduce social strain.

Then, how to improve the cognitive function of patients with schizophrenia? Currently, there are two types of 
intervention: pharmacological and physical.8 Examples of pharmacological interventions include atypical antipsychotics 
and cognitive enhancers, like cholinergic agents, dopaminergic agents and glutamatergic agents.3 They are all promising 
treatment options, but their effect sizes tend to be small, and they may cause some possible adverse effects, like the 
sedation effect of antipsychotics, which restricted their clinical application. Therefore, researchers and doctors now turn 
to physical interventions. The most widely used ones include repetitive transcranial magnetic stimulation (rTMS), 
transcranial direct current stimulation (tDCS), as well as cognitive remediation training (CRT), which is the focus of 
our today’s topic.8

So, what is cognitive remediation training? According to the definition of cognitive remediation experts working 
group, cognitive remediation is a behavioral training intervention targeting cognitive deficits, like attention, memory, 
executive function, social cognition or metacognition, using scientific principles of learning, with the ultimate goal of 
improving functional outcomes.9 There are two main theories behind cognitive remediation, namely, neuroplasticity and 
effective learning. Neuroplasticity means that the structure and function of brain could be shaped by acquired experi-
ences. For example, the number and connection of neurons might be changed by our behavior. Effective learning 
indicates that, through scientific learning, like repetitive learning and scattered learning, the efficiency and outcome of 
learning could be maximized.

The biological mechanisms behind cognitive remediation have been explored. A study in Chinese patients indicated 
that cognitive training may improve the activity of medial prefrontal cortex and anterior cingulate cortex.10 A report in 
2009 indicated that cognitive training may improve the function of dopaminergic receptor in prefrontal cortex.11 Two 
studies in 2008 proved the transfer effect of cognitive training, indicating that the transfer effect might be mediated by the 
activation of brain regions shared by different cognitive tasks.12,13 For example, the transfer effect from training on 
updating tasks to performance on working memory tasks was derived from their shared involvement of striatum.12

In patients with schizophrenia, the effectiveness of cognitive remediation has been proved by many clinical trials. The 
meta-analysis published in JAMA Psychiatry in 2021 indicated that cognitive training can not only improve cognition, 
with the effect size of 0.29 [95% CI, 0.24–0.34] but also improve social function and clinical symptoms, with the effect 
size of 0.22 [95% CI, 0.16–0.29].14 More importantly, the effect of cognitive training may be maintained in follow-up 
assessments.15 To conclude, cognitive training has multiple advantages. It is safe, without significant adverse effects; it is 
targeted, aiming at cognitive impairments; and its effect is sustained, which may last longer than 3 months.
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Although the effectiveness of cognitive training has been proven, most studies above employed cognitive function 
training tasks conducted in a pen-and-paper format, with therapists present, within medical institutions.14 The above 
elements mean that the traditional cognitive training demands substantial manpower and resources, requiring patients to 
make multiple weekly trips to the hospital, thereby limiting its accessibility. In China, due to the relatively late 
introduction of the rehabilitation treatment concept for schizophrenia and the lengthy training period for rehabilitation 
therapists, there exists a significant imbalance between the supply and demand of rehabilitation services for individuals 
with schizophrenia.16 Therefore, conducting person-to-person type of training in clinical settings is quite challenging.

In comparison to traditional cognitive function training, the digitized format enables remote home-based training, 
helping to reduce the artificial costs of rehabilitation treatment, enhance the efficiency of healthcare professionals, and 
offer advantages such as low cost and high accessibility.17 This makes it more user-friendly for the majority of stabilized 
schizophrenia patients in the community or at home. To meet the requirements of this group of patients, we developed 
IBT-004, a digital cognitive training software for patients with stable schizophrenia, which was set in a tablet and could 
be used at home.

As an important step for preliminary research and further improvement, in this study, we will use quantitative 
methods to examine the acceptability, feasibility, and effectiveness of IBT-004 in Chinese patients with stable schizo-
phrenia. We will evaluate the acceptability of the intervention through participants’ subjective reports and assess 
feasibility by analyzing participants’ training implementation. Effectiveness will be assessed by comparing changes in 
subjective and objective cognitive levels before and after the intervention.

Methods
Study Design
This study was a single-sample, before-and-after controlled trial, where patients with stable schizophrenia were recruited 
to undergo a home-based online intervention with the digital cognitive training software (IBT-004). Cognitive function 
was measured before and after the intervention using the Chinese Brief Neurocognitive Suite of Tests (C-BCT). 
Clinically stable adults with schizophrenia were recruited from two sites: Peking University Sixth Hospital and Hebei 
Provincial Mental Health Center. In each institution, potential participants were informed about the study through 
referrals and information sheets posted in the outpatient department.

Participants were required to complete at least 5 days of home-based training per week, with each day consisting of 4 
training tasks, each offering five difficulty levels. The training program lasted for 8 weeks, and participants were 
expected to complete 5 class hours (4tasks) per week. A post-training evaluation was conducted regardless of the 
amount of training completed. If a participant was unable to complete the training on time, a staff member would contact 
them to provide guidance and inquire about the reason for the delay. Participants were considered to have dropped out if 
they completed less than 80% of the required training during the trial.

Participants
Patients meeting the following criteria are included in the study: ① Meet the DSM-V criteria for a diagnosis of 
schizophrenia; ② Aged between 18 and 50 years; ③ Disease duration ≤20 years; ④ Capable of understanding the 
informed consent and research process and signing the informed consent form; ⑤ No significant medication adjustments 
within the past 8 weeks and no planned adjustments in the next 6 months; ⑥ No evidence of symptomatic fluctuations in 
the 2 months prior to enrollment, including no hospitalizations for schizophrenia or additional treatments due to illness 
exacerbation; ⑦ Positive and Negative Syndrome Scale (PANSS): P1 (delusions), P2 (conceptual disorganization), P3 
(hallucinatory behavior), N1 (blunted affect), N4 (social withdrawal), N6 (lack of spontaneity and flow of conversation), 
G5 (mannerisms and posturing), and G9 (unusual thought content) scores ≤3.

Participants are excluded if they meet any of the following criteria: ① Have a medical condition that may affect 
cognitive function; ② Currently using methylphenidate, antidementia drugs, amphetamines, lithium salts, mono-
amine oxidase inhibitors, or tricyclic antidepressants; ③ Currently using first-generation antipsychotics (FGAs) or 
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clozapine; ④ At risk of suicide (suicidal behavior within the past year, suicidal ideation, or attempt within the last 3 
months); ⑤ Received MECT or rTMS treatment within the past 6 months.

Participants receive 100 RMB for transportation for each study visit.

Interventions
The intervention is delivered through a WeChat applet and consists of 14 training tasks that target the major cognitive 
impairments commonly seen in individuals with schizophrenia: processing speed, attention, learning and memory, executive 
function, and logical reasoning (see Supplementary Table 1). Participants are required to complete 4 training tasks per day, with 
each task offering five difficulty levels. Each day’s tasks are equivalent to one class hour (30 minutes). The difficulty of each 
training task is adjusted based on the participant’s performance. At the start of the training, the difficulty level for each participant 
is the same, but as the training progresses, the difficulty is personalized according to the user’s performance. If the participant 
performs well, the system gradually increases the difficulty to ensure an appropriate level of challenge; conversely, if the 
participant struggles, the difficulty is reduced to prevent frustration. This personalized adjustment ensures that each participant is 
working within their zone of proximal development, providing a balance between challenge and achievement. In the develop-
ment of IBT-004, the guiding principle was patient-centered, which aligns with the FDA’s recommendations for digital 
therapeutics.18

Furthermore, while focusing on cognitive training, the intervention also maintains an element of enjoyment. For 
example, in the interface design, all visual elements, including colors and icons, are specifically designed to be engaging 
and soothing. Additionally, the reward system, inspired by game design principles, shows an increase in points when 
participants successfully complete tasks. This is intended to stimulate participants’ intrinsic motivation and improve 
adherence to the training program.

Moreover, each participant had a dedicated coordinator responsible for overseeing the training. The coordinator 
ensured that tasks were completed on schedule and that participants used the software correctly. They also offered 
support by answering questions and helping resolve any issues encountered during training.

Procedure
Participants were contacted via phone or WeChat and completed baseline assessments prior to the intervention. Baseline 
assessments included demographic information, an expectation questionnaire, and cognitive function evaluation (using 
the C-BCT). After each weekly intervention, participants evaluate the software’s enjoyment and difficulty levels through 
an online questionnaire. At the end of the 8-week intervention, cognitive function was reassessed, followed by the post- 
intervention cognitive improvement evaluation questionnaire. This study follows a structured timeline, including baseline 
assessments, weekly assessments, and post-intervention follow-up assessments.

Outcomes
The study’s primary outcome measure was cognitive function, assessed by the Chinese Brief Neurocognitive Suite of 
Tests (C-BCT). C-BCT consists of 4 subtests including Trail Making Test-A (TMT-A), Symbol Coding Test (SC), 
Continuous Performance Test (CPT), and Digit Span Test (DS), which evaluated the speed of information processing, 
attention, working memory, reasoning, and problem-solving ability. 19 The secondary outcome measure was subjective 
cognitive function, which is assessed by patients self-scored. The self-report measure used in this study consists of three 
sections: a pre-intervention expectation questionnaire, a during-intervention training acceptance questionnaire, and 
a post-intervention cognitive improvement assessment. The measure utilizes a Likert scale with predefined options to 
assess participants’ cognitive distress, acceptance of training content, and perceived cognitive improvement. The 
expectation questionnaire includes: the degree of cognitive distress and confidence in the effectiveness of cognitive 
training and expectations of cognitive improvement. The second questionnaire focuses on training content acceptance, 
including the enjoyment and difficulty of the training. The third questionnaire evaluates post-intervention changes, 
including degree of cognitive improvement and changes in cognitive distress.
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Sample Size
A review of previous studies revealed that cognitive training demonstrated small to moderate effect sizes on overall cognitive 
functioning (0.20 to 0.45) across all stages of schizophrenia. A one-sample before-and-after controlled trial was conducted using 
PASS 2021. The test level was set at 0.5 (α=0.5), the test efficacy of power was set at 0.9, and the effect size was calculated to be 
0.45. This resulted in a required sample size of N=43, which was increased to 47 to account for a 10% dropout rate.

Data Analysis
The data were analyzed using SPSS Statistics 27. The t-test was used for measurement data, while the chi-square test was 
used for count data. The paired t-test was used for the total cognitive function score and each sub-score before and after 
the intervention. Regression analysis was performed to identify the relevant factors affecting cognitive function. We 
included variables such as marital status, education level, and age in the regression analysis to account for their potential 
influence on cognitive outcomes and to control for confounding factors, ensuring a more robust and comprehensive 
analysis.20 The significant level was set at P < 0.05.

To compare the differences in enjoyment rating scores and difficulty rating scores across the eight time points, 
a repeated measures ANOVA was conducted. Post-hoc pairwise comparisons were performed using the Bonferroni 
correction method to control for Type I error due to multiple comparisons. The significance level for each comparison 
was adjusted to p = 0.0018 (α = 0.05/28) to account for the total number of 28 pairwise comparisons.

Results
Demographic Characteristics
Of the 47 patients assessed for eligibility, 9 withdrew due to difficulties in consistently completing cognitive training, 
leaving a final sample of 38 patients. Table 1 summarizes the demographic and clinical characteristics. The average age was 
28.63 years (range: 21–46 years), with a mean illness duration of 5.58 years (±4.26) and a PANSS score of 57.05 (±16.36). 
The sample included 18 females, 21 participants with a bachelor’s degree or higher, and 16 employed individuals. Five 
participants were married, and the majority received monotherapy (mean antipsychotic type: 1.42 ± 0.5).

Difference in Cognitive Function After the Intervention
We conducted paired-samples t-tests to compare the cognitive function levels of patients before and after the interven-
tion. The results are presented in Table 2 and Figure 1. The total scores were 44.20 ± 7.89 at baseline, while was 46.28 ± 
8.16 at week 8. Trial Making Test score was 44.82 ± 8.77 at baseline. It was observed that the total scores (P = 0.003) and 
2 dimensional scores including Trial Making Test (P = 0.017) and Digit Span (P = 0.004) of cognitive function were 
significantly improved after the intervention (P < 0.05). However, there was no significant difference in the Continuous 
Performance Test and Symbol encoding.

Table 1 Demographic Characteristics

Variable Mean (SD) / n (%)

Age 28.63±7.91

PANSS 57.05±16.36
Length of illness (years) 5.58±4.26

Types of antipsychotic drugs 1.42±0.5

Gender (Female/Male) 18/20
Education (L/H) 17/21

Marital status (Married/Single) 5/33

Occupation (Employed/Unemployed) 16/22

Abbreviations: Education (L, Lower than a bachelor’s degree; H, Higher 
than a bachelor’s degree).
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Factors Affecting the Effectiveness of Cognitive Intervention
To investigate the factors that may affect the effectiveness of cognitive intervention, we performed multifactorial linear 
regression analyses on several common clinical variables that may impact cognitive function. These clinical variables 
include gender, age, education level, marital status, occupation, training hours, and hospitalizations. Table 3 shows that 
age (B=−0.532, β = −0.476, P < 0.05) and training hours (B = 0.273, β = 0.340, P < 0.05) had a statistically significant 
effect on the cognitive function of CPT (F = 3.884, P < 0.05). Specifically, age negatively predicted cognitive scores of 
CPT, while training hours positively predicted it. No statistically significant effects of the clinical variables on the total 
scores and several subtests of TMT-A, SC, and DS were observed.

Table 2 Difference in Cognitive Function After the Intervention

Variable Baseline After Stats p-value Effect Size

Mean (sd) Mean (sd) t. Statistics

Total scores 44.20 46.28 −3.15 0.003* 0.511

Trail Making Test-A (TMT-A) 44.82 46.97 −2.51 0.017* 0.400
Digit Span Test (DS) 45.00 48.47 −3.08 0.004* 0.500

Continuous-Performance Test (CPT) 44.34 45.32 −0.75 0.460 0.122

Symbol Coding Test (SC) 42.63 44.37 −1.32 0.196 0.213

Notes: *Compared to baseline, P < 0.05, paired t-test.

Figure 1 Comparison of Cognitive Function Before and After Training. *P < 0.05. 
Abbreviations: TMT-A, Trail Making Test-A; DS, Digit Span Test; CPT, Continuous-Performance Test; SC, Symbol Coding Test; TS, total score.
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Improvements in Subjective Cognitive Function
To evaluate changes in patients’ cognitive function, we also used objective measures: questionnaire scoring. The 
questionnaires were divided into pre-intervention expectation, during-intervention, and post-intervention surveys. We 
collected a total of 47 pre-intervention expectation questionnaires, and 38 valid post-intervention questionnaires. We 
analyzed the questionnaires and compared the pre- and post-intervention cognitive distress levels using the Wilcoxon 
rank-sum test for patients who completed the intervention. The results showed that the change in subjective cognitive 
distress was statistically significant (P < 0.001) (Table 4).

Participants’ Acceptability of the Intervention
To evaluate participants’ acceptability of the intervention software, we conducted weekly surveys. Participants rated the 
enjoyment and difficulty of the cognitive training program at eight time points, showing their dynamic perceptions. The 
results are presented in Table 5.

As shown in Table 5, enjoyment ratings fluctuated between 3.46 and 4.14, with the highest rating observed at Time 8. 
However, repeated measures ANOVA revealed no statistically significant differences across time points (p = 0.298). 
Similarly, difficulty ratings varied slightly, ranging from 2.31 to 2.86, with no significant differences detected across time 
points (p = 0.062).

Participants’ Adherence of the Intervention
Table 6 shows the average class hours and adherence to cognitive training across eight weeks. The average class hours 
started at 3.89 hours in Week 1 and gradually increased, peaking at 4.92 hours in Week 3. It then stabilized between 4.47 
and 4.82 hours, with the final week at 4.68 hours, for a total of 36.89 class hours. Adherence started at 77.89% in Week 1 
and steadily increased, reaching 96.32% in Week 2. It remained around 94.74% in Week 4, decreased slightly to 89.47% 

Table 3 Continuous-Performance Test Influencing Factors

Variable B β Std.Error t p-value

Gender 4.254 0.268 2.270 1.874 0.071
Age −0.532 −0.476 0.165 −3.230 0.003*

Education 1.282 0.080 2.348 0.546 0.589

Marital status −3.043 −0.130 3.540 −0.860 0.397
Occupation 0.458 0.029 2.475 0.185 0.854

Training hours 0.273 0.340 0.113 2.416 0.022*

Hospitalizations −0.322 −0.116 0.430 −0.750 0.459

Note: *Significant level P < 0.05.

Table 5 Summary of Enjoyment and Difficulty Ratings (Mean (SD))

Rating Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 P

Enjoyment 3.87(0.84) 3.89(0.74) 3.74(0.86) 3.73(0.94) 3.59(0.95) 3.46(0.81) 3.50(0.82) 4.14(0.90) 0.298

Difficulty 2.68(0.78) 2.86(0.86) 2.47(0.75) 2.48(0.67) 2.31(0.76) 2.38(0.64) 2.50(0.52) 2.71(0.49) 0.062

Note: Significant level P < 0.018.

Table 4 Changes in Subjective Cognitive Distress

Variable N Z-value p-value

Cognitive Distress (pre) 38 −3.758 <0.001*

Cognitive Distress (post) 38

Note: *Significant level p< 0.05.
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in Week 6, but stayed above 90% in the later weeks. The final week had an adherence rate of 93.68%, with a total 
adherence rate of 92.24%. Overall, both class hours and adherence remained high throughout the training, with adherence 
showing a steady improvement.

Regarding feasibility and acceptability, the intervention showed high adherence, with participants completing an 
average of 36.89 hours over the 8-week period (92.24% adherence). Personalized difficulty adjustments and game-like 
elements helped maintain participant motivation and engagement. Overall, the intervention demonstrated strong feasi-
bility and acceptability and provided an effective tool for improving cognitive function in individuals with schizophrenia.

Discussions
This study evaluated the effectiveness of remote digital cognitive training for patients with stable schizophrenia and 
explored the impact of individual differences on cognitive training outcomes. The results showed significant improve-
ments in overall cognitive scores, Trail Making Test-A (TMT-A), and Digit Span (DS) scores. However, no significant 
changes were observed in Continuous Performance Test (CPT) and Symbol Coding (SC) scores. This suggests that the 
training enhanced cognitive functions such as information processing speed and attention but had limited effects on 
executive functions and higher cognitive abilities. The study also indicated that the short duration of the training period 
might be one reason for the lack of significant improvements in some areas.21 Future research should consider extending 
the intervention duration to evaluate the long-term effects on executive functions.

Additionally, the study found that age and training time were important factors influencing cognitive function. Younger 
participants performed better on executive function tasks, and those who underwent longer training showed higher scores, 
indicating that age and training duration played a significant role in improving cognitive function, particularly in attention 
and executive control tasks.6 Although clinical variables such as medication treatment and disease duration did not 
significantly impact cognitive improvement, individual differences such as age and training time had a notable effect on 
cognitive training outcomes. This highlights the importance of personalized and continuous cognitive training.

Regarding enjoyment and difficulty ratings, the study found that the training program maintained high acceptability 
and participant engagement over the eight-week intervention period. This successfully prevented a decline in interest and 
frustration among participants. Despite some fluctuations in the ratings, statistical analysis showed no significant 
differences in enjoyment and difficulty scores across different time points, indicating that the training was successful 
in maintaining participant interest and challenge. Future research could explore how other individual differences, such as 
baseline cognitive abilities or training preferences, affect these perceptions.

Although the cognitive training program demonstrated effectiveness, it has limitations compared to Cognitive Remediation 
Therapy (CRT). The intervention lacked therapist involvement and generalization mechanisms, focusing primarily on improving 
specific cognitive functions through digital tasks and personalized difficulty adjustments. Future research should consider 
integrating generalization strategies, such as functional rehabilitation, to achieve broader functional improvements.

The study also suggests that personalized cognitive training plays an important role in improving the prognosis of 
schizophrenia. Although the current program adjusted the training difficulty based on participant performance, incorporat-
ing biomarkers to guide personalized interventions could further enhance training outcomes. Biomarkers such as C-reactive 
protein (CRP), which is associated with decreased quality of life,22 and miRNAs (eg, miR-1303 and miR-3131) that predict 
personality disorders,23 could provide valuable insights for tailoring cognitive training. Future research should explore how 
these biomarkers can be integrated into cognitive training to optimize both cognitive and emotional outcomes.

In conclusion, this study provides evidence for the effectiveness of remote digital cognitive training in patients with 
stable schizophrenia, particularly in enhancing attention and information processing speed. The program demonstrated 

Table 6 Average Participation Time and Adherence in Cognitive Training

Timepoint Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Total

Average 3.89 4.82 4.92 4.74 4.55 4.47 4.82 4.68 36.89
Adherence 77.89 96.32 98.42 94.74 91.05 89.47 96.32 93.68 92.24

Note: Adherence is calculated as the number of participations divided by the required number of times (5 times per week).
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good feasibility and acceptability, maintaining high engagement and challenge, despite some limitations in improving 
certain cognitive functions due to the short training duration. Future research should focus on extending the intervention 
period, exploring the impact of individual differences on training outcomes, and considering the integration of biomar-
kers to further personalize and optimize cognitive training methods.

Strengths and Limitations
This study’s main strength is the use of digital training software, enabling home-based training, which reduces the burden 
of travel and enhances engagement for stable schizophrenia patients. The remote digital training demonstrated high 
acceptability and feasibility, with effect sizes similar to those of traditional methods, indicating it could be a viable or 
even superior alternative.

However, limitations include the lack of a control group, which makes it hard to compare the effects of remote 
training with other treatments and the small sample size, which limits statistical power. Future research should increase 
the sample size for more reliable results. Additionally, the short intervention period may have limited the capture of 
improvements in executive functions, suggesting the need for longer training durations. Individual differences, such as 
baseline cognitive abilities, were not explored but may influence training effectiveness. Future studies should include 
more diverse participants. While the program adjusted task difficulty, further personalization using biomarkers like 
CRP22 and miRNAs23 (eg, miR-1303, miR-3131) could improve outcomes. Notably, the C-BCT tasks were not designed 
for logical reasoning. The study did not include tests that directly assess logical reasoning. While the Backward Digit 
Span task may involve some reasoning (eg, reversing sequences), this is not its main focus. To comprehensively evaluate 
higher-order cognitive functions, future research should incorporate specific tests for reasoning. Another notable 
limitation of this study is the exclusion of participants using first-generation antipsychotics or clozapine. While this 
criterion was implemented to minimize variability and potential confounding effects due to the distinct pharmacological 
profiles and side effects of these medications (eg, extrapyramidal symptoms or cognitive impacts), it may limit the 
generalizability of our findings to individuals who use these treatments. Future research could explore the inclusion of 
these populations to enhance the applicability of cognitive-enhancing interventions across a broader spectrum of patients.

Conclusions
This study assessed the effectiveness, feasibility, and acceptability of a home-based online cognitive training intervention for 
patients with stable schizophrenia. The results showed significant improvements in cognitive function, particularly in total 
cognitive scores (P = 0.003), the Trial Making Test (TMT, P = 0.017), and Digit Span (P = 0.004). Although no significant 
differences were found in the Continuous Performance Test (CPT) and Symbol Encoding, the intervention still demonstrated 
positive effects on key cognitive domains such as processing speed and attention. Additionally, participants reported 
a significant reduction in subjective cognitive distress (P < 0.001), further supporting the effectiveness of the intervention.
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corresponding author upon reasonable request.

Ethical Statement
This study is conducted in strict accordance with the ethical principles outlined in the Helsinki Declaration, ensuring the 
protection of the rights and interests of all participants. On November 24, 2021, the protocol received approval from the 
Medical Ethics Committee of Peking University Sixth Hospital, with the approval number (2021) Ethics Review No. 
(64). The study involves individuals in the stable phase of schizophrenia, aged between 18 and 60 years, who have 
voluntarily consented to participate and have signed informed consent forms. All foreseeable risks associated with the 
study have been mitigated, and the potential benefits are deemed to exceed the risks. We pledge to safeguard the privacy 
and data security of all subjects with the utmost diligence.

Neuropsychiatric Disease and Treatment 2025:21                                                                              https://doi.org/10.2147/NDT.S497602                                                                                                                                                                                                                                                                                                                                                                                                    391

Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Acknowledgments
The authors declare that financial support was received for the research, authorship, and/or publication of this article. The 
research was funded by a grant from AI+ Health Collaborative Innovation Cultivation Program from Beijing Municipal 
Science & Technology Commission, Administrative Commission of Zhongguancun Science Park (No. Z221100003522025). 
Liu Yang and Yajing Tang are co-first authors of this study.

Disclosure
Lingzi Xu was a full-time employee at Infinite Brain Technologies during the data collection phase of this study. The 
authors report no other conflicts of interest in this work.

References
1. Huang Y, Wang Y, Wang H, et al. Prevalence of mental disorders in China: a cross-sectional epidemiological study. Lancet Psych. 2019;6 

(3):211–224. doi:10.1016/S2215-0366(18)30511-X
2. Xu L, Xu T, Tan W, et al. Household economic burden and outcomes of patients with schizophrenia after being unlocked and treated in rural China. 

Epidemiol Psychiatr Sci. 2019;29:e81. doi:10.1017/S2045796019000775
3. Peuskens J, Demily C, Thibaut F. Treatment of cognitive dysfunction in schizophrenia. Clin Ther. 2005;27 Suppl A:S25–37. doi:10.1016/j. 

clinthera.2005.07.015
4. Keefe RS, Fox KH, Harvey PD, et al. Characteristics of the MATRICS consensus cognitive battery in a 29-site antipsychotic schizophrenia clinical 

trial. Schizophr Res. 2011;125(2–3):161–168. doi:10.1016/j.schres.2010.09.015
5. Halverson TF, Orleans-Pobee M, Merritt C, et al. Pathways to functional outcomes in schizophrenia spectrum disorders: meta-analysis of social 

cognitive and neurocognitive predictors. Neurosci Biobehav Rev. 2019;105:212–219. doi:10.1016/j.neubiorev.2019.07.020
6. Balaji M, Chatterjee S, Brennan B, et al. Outcomes that matter: a qualitative study with persons with schizophrenia and their primary caregivers in 

India. Asian J Psychiatr. 2012;5(3):258–265. doi:10.1016/j.ajp.2012.06.002
7. Carbon M, Correll CU. Thinking and Acting Beyond the Positive: The Role of the Cognitive and Negative Symptoms in Schizophrenia. Vol. 19 

Suppl 1. CNS Spectr; 2014:38–52; quiz35–7,53.
8. Vita A, Gaebel W, Mucci A, et al. European psychiatric association guidance on assessment of cognitive impairment in schizophrenia. Eur Psych. 

2022;65(1):e58. doi:10.1192/j.eurpsy.2022.2316
9. Bowie CR, Bell MD, Fiszdon JM, et al. Cognitive remediation for schizophrenia: an expert working group white paper on core techniques. 

Schizophr Res. 2020;215:49–53. doi:10.1016/j.schres.2019.10.047
10. Fan F, Zou Y, Tan Y, et al. Computerized cognitive remediation therapy effects on resting state brain activity and cognition in schizophrenia. Sci 

Rep. 2017;7(1):4758. doi:10.1038/s41598-017-04829-9
11. McNab F, Varrone A, Farde L, et al. Changes in cortical dopamine D1 receptor binding associated with cognitive training. Science. 2009;323 

(5915):800–802. doi:10.1126/science.1166102
12. Dahlin E, Neely AS, Larsson A, et al. Transfer of learning after updating training mediated by the striatum. Science. 2008;320(5882):1510–1512. 

doi:10.1126/science.1155466
13. Jaeggi SM, Buschkuehl M, Jonides J, et al. Improving fluid intelligence with training on working memory. Proc Natl Acad Sci U S A. 2008;105 

(19):6829–6833. doi:10.1073/pnas.0801268105
14. Vita A, Barlati S, Ceraso A, et al. Effectiveness, core elements, and moderators of response of cognitive remediation for schizophrenia: a systematic 

review and meta-analysis of randomized clinical trials. JAMA Psych. 2021;78(8):848–858. doi:10.1001/jamapsychiatry.2021.0620
15. Wykes T, Huddy V, Cellard C, et al. A meta-analysis of cognitive remediation for schizophrenia: methodology and effect sizes. Am J Psychiatry. 

2011;168(5):472–485. doi:10.1176/appi.ajp.2010.10060855
16. Liu C, Chen L, Xie B, et al. Number and characteristics of medical professionals working in Chinese mental health facilities. Shanghai Arch Psych. 

2013;25(5):277–285. doi:10.3969/j.issn.1002-0829.2013.05.003
17. Zhang X, Lewis S, Firth J, et al. Digital mental health in China: a systematic review. Psychol Med. 2021;51(15):2552–2570. doi:10.1017/ 

S0033291721003731
18. Buchanan RW, Keefe RSE, Umbricht D, et al. The FDA-NIMH-MATRICS guidelines for clinical trial design of cognitive-enhancing drugs: what 

do we know 5 years later? Schizophr Bull. 2011;37(6):1209–1217. doi:10.1093/schbul/sbq038
19. Ye S, Xie M, Yu X, et al. The Chinese brief cognitive test: normative data stratified by gender, age and education. Front Psych. 2022;13:933642. 

doi:10.3389/fpsyt.2022.933642
20. McCutcheon RA, Keefe RSE, McGuire PK. Cognitive impairment in schizophrenia: aetiology, pathophysiology, and treatment. Mol Psych. 2023;28 

(5):1902–1918. doi:10.1038/s41380-023-01949-9
21. Buonocore M, Bosia M, Bechi M, et al. Is longer treatment better? A comparison study of 3 versus 6 months cognitive remediation in 

schizophrenia. Neuropsychology. 2017;31(4):467–473. doi:10.1037/neu0000347
22. Kachouchi A, Ahmed L, Saadia K, et al. Quality of life and C-reactive protein in patients with schizophrenia: a cross-sectional study. Alpha Psych. 

2024;25(2):256–261. doi:10.5152/alphapsychiatry.2024.231437
23. Wei H, Kong L, Zhu X, et al. The correlation between peripheral blood micro-ribonucleic acid expression level and personality disorder in patients 

with schizophrenia. Alpha Psych. 2024;25(1):23–29. doi:10.5152/alphapsychiatry.2024.231216

https://doi.org/10.2147/NDT.S497602                                                                                                                                                                                                                                                                                                                                                                                                                                          Neuropsychiatric Disease and Treatment 2025:21 392

Yang et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S2215-0366(18)30511-X
https://doi.org/10.1017/S2045796019000775
https://doi.org/10.1016/j.clinthera.2005.07.015
https://doi.org/10.1016/j.clinthera.2005.07.015
https://doi.org/10.1016/j.schres.2010.09.015
https://doi.org/10.1016/j.neubiorev.2019.07.020
https://doi.org/10.1016/j.ajp.2012.06.002
https://doi.org/10.1192/j.eurpsy.2022.2316
https://doi.org/10.1016/j.schres.2019.10.047
https://doi.org/10.1038/s41598-017-04829-9
https://doi.org/10.1126/science.1166102
https://doi.org/10.1126/science.1155466
https://doi.org/10.1073/pnas.0801268105
https://doi.org/10.1001/jamapsychiatry.2021.0620
https://doi.org/10.1176/appi.ajp.2010.10060855
https://doi.org/10.3969/j.issn.1002-0829.2013.05.003
https://doi.org/10.1017/S0033291721003731
https://doi.org/10.1017/S0033291721003731
https://doi.org/10.1093/schbul/sbq038
https://doi.org/10.3389/fpsyt.2022.933642
https://doi.org/10.1038/s41380-023-01949-9
https://doi.org/10.1037/neu0000347
https://doi.org/10.5152/alphapsychiatry.2024.231437
https://doi.org/10.5152/alphapsychiatry.2024.231216


Neuropsychiatric Disease and Treatment                                                                                    

Publish your work in this journal 
Neuropsychiatric Disease and Treatment is an international, peer-reviewed journal of clinical therapeutics and pharmacology focusing on 
concise rapid reporting of clinical or pre-clinical studies on a range of neuropsychiatric and neurological disorders. This journal is indexed on 
PubMed Central, the ‘PsycINFO’ database and CAS, and is the official journal of The International Neuropsychiatric Association (INA). The 
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

Neuropsychiatric Disease and Treatment 2025:21                                                                                     393

Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Design
	Participants
	Interventions
	Procedure
	Outcomes
	Sample Size
	Data Analysis

	Results
	Demographic Characteristics
	Difference in Cognitive Function After the Intervention
	Factors Affecting the Effectiveness of Cognitive Intervention
	Improvements in Subjective Cognitive Function
	Participants’ Acceptability of the Intervention
	Participants’ Adherence of the Intervention

	Discussions
	Strengths and Limitations
	Conclusions
	Data Sharing Statement
	Ethical Statement
	Acknowledgments
	Disclosure

