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Association between motivation and engagement with changes in cognition and symptoms after digital cognitive training in schizophrenia
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Background: Digital cognitive training can remediate cognitive deficits present in schizophrenia. However, limited motivation and engagement may impact adherence to training. Therefore, identifying factors that may enhance (facilitators) or decrease (barriers) engagement in digital cognitive training and possibly modulate its effects are of great clinical relevance.

Methods:

We measured cognition, symptom severity, motivation (semi-structured interview), and engagement (adapted Utrecht Work Engagement Scale -UWES) of 27 patients with schizophrenia after a 40-hour digital cognitive training. The interview transcript quotes were coded and categorized into facilitators and barriers. Thereafter, we tested the association of motivation and engagement with changes in cognition and symptoms after training.

Results:

The facilitator 'good performance' and the barrier 'difficult exercise' were associated with larger gains in attention (p=0.03) and reasoning and problem solving (p=0.02), respectively. 'Poor performance' was associated with smaller gains in global cognition (p<0.01), attention (p=0.03), and working memory (p=0.02). The facilitator 'welcoming setting' was associated with larger reductions in the negative (p=0.01) and total (p=0.01) symptoms measured by the Positive and Negative Syndrome Scale. The UWES engagement scale was associated with different facilitators and barriers that emerged from the interview, an indication of consistency among both qualitative and quantitative assessments.

Discussion: Using a mixed quantitative and qualitative research design, we showed associations between motivation and engagement and the response to digital cognitive training in schizophrenia. Facilitators and barriers were associated with engagement, gains in cognition, and reduced symptoms after the intervention, providing insights on how to increase engagement in the digital cognitive training delivered to subjects with schizophrenia.

INTRODUCTION

The cognitive deficits present in individuals with schizophrenia are a core feature of the disorder, for which treatment with antipsychotic medication is inefficient [START_REF] Green | Cognition in schizophrenia: Past, present, and future[END_REF][START_REF] Kraus | Cognition as an outcome measure in schizophrenia[END_REF]. These deficits are correlated with poor functioning [START_REF] Nuechterlein | Identification of separable cognitive factors in schizophrenia[END_REF], and are important predictors of quality of life (M F [START_REF] Green | What are the functional consequences of neurocognitive deficits in schizophrenia?[END_REF]. To remediate the cognitive deficits, digital cognitive trainingbased on principles of neuroplasticity -has been assessed in a multitude of research studies (as reviewed by Fisher et al., 2016a). This type of cognitive training has shown effectiveness in remediating global cognition, processing speed, and verbal and visual learning in schizophrenia (e.g. Fisher et al., 2016b[START_REF] Fisher | Neuroplasticity-Based Auditory Training Via Laptop Computer Improves Cognition in Young Individuals With Recent Onset Schizophrenia[END_REF][START_REF] Fisher | Using Neuroplasticity-Based Auditory Training to Improve Verbal Memory in Schizophrenia[END_REF]. Digital cognitive training is also non-invasive and relatively cheap, which enables easy implementation [START_REF] Schlosser | Feasibility of PRIME: A Cognitive Neuroscience-Informed Mobile App Intervention to Enhance Motivated Behavior and Improve Quality of Life in Recent Onset Schizophrenia[END_REF]. Importantly, neuroplasticity-based cognitive training has shown improvements in untrained cognitive functions in individuals with schizophrenia, indicating a possible generalization of gains induced by the training [START_REF] Mcgurk | A Meta-Analysis of Cognitive Remediation in Schizophrenia[END_REF][START_REF] Saperstein | Current Trends in the Empirical Study of Cognitive Remediation for Schizophrenia[END_REF].

The cognitive deficits associated with schizophrenia have been related to visual and auditory processing alterations [START_REF] Javitt | When Doors of Perception Close: Bottom-up Models of Disrupted Cognition in Schizophrenia[END_REF]. Our research group recently compared the effectiveness of visual versus auditory digital cognitive exercises in people with schizophrenia. We showed that both perceptive modalities were efficient at remediating cognition, but the visual group presented larger improvements in cognition, which were associated with decreases in symptoms [START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF]. We also revealed that both visual and auditory exercises significantly improved emotion processing and social cognition, although gains were more remarkable in the auditory group [START_REF] Scoriels | Changes in emotion processing and social cognition with auditory versus visual neuroscience-informed cognitive training in individuals with schizophrenia[END_REF].

A major challenge in the implementation of digital cognitive training in schizophrenia is the lack of motivation [START_REF] Medalia | What Predicts a Good Response to Cognitive Remediation Interventions?[END_REF][START_REF] Medalia | The Role of Motivation for Treatment Success[END_REF][START_REF] Choi | Measuring motivation in schizophrenia: Is a general state of motivation necessary for task-specific motivation?[END_REF]. Schizophrenia is associated with apathy, avolition, and other negative symptoms. This is a critical issue considering that motivation can significantly impact learning [START_REF] Cook | Motivation to learn: an overview of contemporary theories[END_REF], behavior, and cognitive functions [START_REF] Bourgeois | How motivation and reward learning modulate selective attention[END_REF]. In clinical studies using digital cognitive training in people with schizophrenia, dropout rates are usually high, between 20% and 60% [START_REF] Mahmood | Reducing negative symptoms in schizophrenia: Feasibility and acceptability of a combined cognitive-behavioral social skills training and compensatory cognitive training intervention[END_REF][START_REF] Lindenmayer | Improving Social Cognition in Schizophrenia: A Pilot Intervention Combining Computerized Social Cognition Training With Cognitive Remediation[END_REF]Fisher et al., 2016b;[START_REF] Garrido | Computer-assisted cognitive remediation therapy in schizophrenia: Durability of the effects and cost-utility analysis[END_REF][START_REF] Reeder | A new generation computerised metacognitive cognitive remediation programme for schizophrenia (CIRCuiTS): a randomised controlled trial[END_REF], and lack of motivation appears to be responsible for almost 40% of dropouts in the first month of cognitive training and other psychosocial interventions [START_REF] Kurtz | Predictors of Participation in Community Outpatient Psychosocial Rehabilitation in Schizophrenia[END_REF].

On the other hand, higher adherence rates are found in the cognitive training group when compared with control conditions, such as computerized game-like activities [START_REF] Dickinson | A Randomized, Controlled Trial of Computer-Assisted Cognitive Remediation for Schizophrenia[END_REF] and documentary sessions with attention-dependent questionnaires [START_REF] Garrido | Computer-assisted cognitive remediation therapy in schizophrenia: Durability of the effects and cost-utility analysis[END_REF]. Additionally, individuals with schizophrenia who participated in cognitive remediation therapy, which included digital exercises, were satisfied and highly rated the intervention [START_REF] Rose | What Do Clients Think of Cognitive Remediation Therapy?: A Consumer-Led Investigation of Satisfaction and Side Effects[END_REF].

Quantitative studies assessing the impact of motivation on the response to digital cognitive training in people with schizophrenia found positive associations between motivation and gains in global cognition [START_REF] Fisher | Neuroplasticity-Based Auditory Training Via Laptop Computer Improves Cognition in Young Individuals With Recent Onset Schizophrenia[END_REF] and daily functioning [START_REF] Nakagami | The Prospective Relationships Among Intrinsic Motivation, Neurocognition, and Psychosocial Functioning in Schizophrenia[END_REF]. When supplementing cognitive training with social cognition training, durable improvements in motivational systems, measured by reward processing, were significantly associated with improvements in social functioning [START_REF] Miley | Six month durability of targeted cognitive training supplemented with social cognition exercises in schizophrenia[END_REF]. Qualitative analysis found that important intrinsic factors, such as self-efficacy, motivation, and social functioning were associated with improvements after digital cognitive training [START_REF] Contreras | How is cognitive remediation training perceived by people with schizophrenia? A qualitative study examining personal experiences[END_REF].

Therefore, motivation and engagement are important targets to generate better outcomes in the clinical use of digital cognitive training in schizophrenia. Here, we integrated quantitative scales and qualitative interviews to assess motivation and engagement in the context of a randomized controlled trial of digital cognitive training in people with schizophrenia [START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF]. We primarily asked whether the engagement was associated with changes in cognition and clinical symptoms after digital cognitive training. Secondarily, we identified barriers and facilitators of the intervention and searched for their relationship with engagement, training progress, and changes in cognition and clinical symptoms. We hypothesized that people with increased motivation and engagement would present greater gains in cognition and a larger reduction in clinical symptoms.

METHODS

Participants

This sample is part of a previously reported randomized controlled trial that compared the effect of visual versus auditory cognitive training exercises in patients with schizophrenia [START_REF] Scoriels | Changes in emotion processing and social cognition with auditory versus visual neuroscience-informed cognitive training in individuals with schizophrenia[END_REF][START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF]. Participants were recruited from the day-hospital and outpatient clinic of the Institute of Psychiatry at the Universidade Federal do Rio de Janeiro. The schizophrenia or schizoaffective diagnosis was determined by the Mini International Neuropsychiatric Interview from DSM-IV [START_REF] Lecrubier | The mini international neuropsychiatric interview[END_REF] and confirmed by an experienced psychiatrist. We included individuals between 18 and 60 years old, who were Portuguese native speakers and literate. Exclusion criteria included a history of another psychiatric diagnosis, intellectual disability or brain damage, extrapyramidal symptom scores above 19 determined by the Simpson-Angus Scale [START_REF] Simpson | A RATING SCALE FOR EXTRAPYRAMIDAL SIDE EFFECTS[END_REF], and estimated IQ below 80 measured with the WAIS-IV Information and Matrix Reasoning subtests [START_REF] Wechsler | Wechsler Adult Intelligence Scale--Fourth Edition[END_REF], or any serious visual or auditory impairment that precluded their participation in the study. Included participants were randomized to perform 40 hours of either visual or auditory exercises of digital cognitive training. The study was approved by the Brazilian National Committee of Ethics in Research (12990013.0.0000, 5263) and pre-registered at ClinicalTrials.gov (1R03TW009002-01). All participants provided written informed consent for study participation.

Cognitive and clinical assessment

The MATRICS Consensus Cognitive Battery [START_REF] Nuechterlein | The MATRICS Consensus Cognitive Battery, Part 1: Test Selection, Reliability, and Validity[END_REF] and the Cambridge Neuropsychological Test Automated Battery (CANTAB; [START_REF] Robbins | Cambridge Neuropsychological Test Automated Battery (CANTAB): A Factor Analytic Study of a Large Sample of Normal Elderly Volunteers[END_REF] were used to assess seven cognitive domains: attention, working memory, visual memory and learning, verbal memory and learning, reasoning and problem-solving, and global cognition. Global cognition was calculated as a composite score of the first six individual cognitive domains. Clinical symptoms were assessed using the Positive and Negative Syndrome Scale (PANSS; [START_REF] Kay | The Positive and Negative Syndrome Scale (PANSS) for Schizophrenia[END_REF], which measures each symptom (e.g hallucinations) on a Likert scale of 1 (absent) to 7 (extreme)).

Digital cognitive training

The digital cognitive training sessions took place at the computer lab of the Institute of Psychiatry at the Universidade Federal do Rio de Janeiro. Every session was conducted in person and was scheduled with a research assistant that facilitated the management of the computer and training platform and provided explanations about the exercises. Research assistants went through structured training to have an understanding of cognitive processes, and how cognitive deficits manifest in mental disorders and can be remediated by specific neuroplasticity-based cognitive training exercises, an essential step to increase the efficacy of cognitive training programs [START_REF] Bowie | Cognitive remediation for schizophrenia: An expert working group white paper on core techniques[END_REF]. (www.brainhq.com), and were encouraged to train at least three times per week. Each perceptual modality had equivalent task dynamics, requiring participants to make progressively more precise distinctions of perceptive stimuli with increasing loads of attention, memory, and other cognitive domains [START_REF] Fisher | Using Neuroplasticity-Based Auditory Training to Improve Verbal Memory in Schizophrenia[END_REF] To measure training progress, we subtracted baseline performance from the best score at every level of each exercise. Considering that training parameters vary among exercises, we calculated the distance of each subject from the mean progress of our sample (t-scores). Individual t-scores were calculated using the formula:

, where . This enabled composite progress scores allowing a comparison of progress among different exercises. 

Motivation interview

Engagement assessment

To measure engagement, we used a modified version of the Utrecht Work Engagement Scale (UWES; [START_REF] Schaufeli | Burnout and Engagement in University Students: A Cross-National Study[END_REF]), translated to Portuguese, and adapted to assess engagement in digital cognitive training (Supplementary Table 1 shows the original and the adapted version). The UWES scale is composed of three subscales: vigor, which measures the high energy levels and persistence in dealing with difficulties; dedication, which assesses feelings of enthusiasm, pride, and challenge in the training context; and absorption, which measures involvement in the training. The sum of the subscales scores gave the UWES total score. Internal consistency (Cronbach's alpha coefficient) for the current sample was α = 0.98.

Statistical analysis

To answer whether the visual and auditory groups had similar demographic characteristics, symptom severity, cognitive performance at baseline, engagement levels, and progress in the training exercises, we performed Independent Sample t-tests (two-tailed) or Chi-square tests. To analyze differences between the visual and auditory training groups on cognitive and clinical changes after the intervention, we performed repeated-measures ANOVA, using baseline and post-training outcomes as the withinsubject factor and training type as the between-subject factor. Post hoc analyses were performed to test for specific changes from baseline to endpoint separately on both groups, and Sidak corrections were applied. We also performed repeated-measures ANCOVA to compare changes in symptoms after training between the visual and auditory groups using the baseline total PANSS score as a covariate. Normality was tested using the Shapiro-Wilk test, and winsorized means were calculated for three outlier symptom values identified using the 3 IQRs multiplier approach and constituted 2.7% of the total PANSS data. After winsorizing, the total sample presented normal distribution for cognition and symptomatology variables.

Our primary outcome was the engagement in digital cognitive training and its associations with changes in cognition and symptoms. This association was tested using Pearson's correlations including all participants regardless of the training group. We conducted a post hoc power analysis to determine if significant Pearson's correlations ( = .05, where corresponds to Type I error probability) can be detected with our total number of observations (n= 27) considering an expected effect size of .50 (based on the effect sizes described in [START_REF] Fisher | Neuroplasticity-Based Auditory Training Via Laptop Computer Improves Cognition in Young Individuals With Recent Onset Schizophrenia[END_REF]. The analysis showed an achieved power of 85% (β= 0.15, where β corresponds to Type II error probability).

To further analyze the impact of motivation on treatment outcomes, patients' motivation interview quotes were coded using the Atlas TI software, and codes were 

RESULTS

Participants

Demographic and clinical characteristics of the 27 individuals with schizophrenia who answered the UWES scale and participated in the motivation interview are presented in Table 1. The flowchart of our previously reported randomized controlled trial [START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF] including the motivation analysis is shown in Figure 1.

Comparison of visual and auditory training groups

First, we wondered whether the perceptive modality trained (i.e. visual and auditory) would lead to differences in engagement (measured by the UWES scale after training). Independent sample t-tests showed no statistical difference between the auditory and the visual training groups for any of the UWES subscales (Table 1). Also, we wondered if engagement would be associated with training progress in the visual or auditory exercises. Pearson's correlations between average t-scores in both perceptive modalities and UWES subscales showed no significant association (Supplementary tested. Post hoc one-way RM-ANOVA, for both groups separately, revealed statistically significant improvement in global cognition (F (13, 1)= 12.86, p= 0.003), attention (F (13, 1)= 9.97, p= 0.08), and reasoning and problem solving (F (13, 1)= 5.59, p= 0.03) -but not in working memory (F(13, 1)= 1.98, p= 0.18) over time for the visual group, while the auditory group showed significant improvement in global cognition (F(16, 1)= 4.77, p= 0.04) and reasoning and problem solving (F(14, 1)= 23.49, p < 0.000) over time -but not in attention (F (16, 1)= 2.05, p= 0.17) or working memory (F(16, 1)= 0.77, p= 0.39).

Additionally, to compare changes in schizophrenia symptoms after training between visual and auditory cognitive training groups we performed a repeatedmeasures ANCOVA using PANSS total score at baseline as a covariate since this score was found to be significantly different between the two groups (Table 1). We found a significant decrease in PANSS total score (F (22, 2)= 6.97, p= 0.01), and negative symptoms score (F (22, 2)= 4.96, p= 0.03) over time, but no time x group interaction. A post hoc one-way ANCOVA, for both groups separately, revealed a significant decrease in PANSS total scores over time for the visual (F(13, 1)= 11.39, p= 0.002) and the auditory (F(13, 1)= 5.26, p= 0.03) cognitive training groups. The visual cognitive training group also showed a significant decrease in negative symptoms (F(13, 1)= 6.87, p= 0.02) over time.

Association between engagement, training progress, and changes in cognition and symptoms after digital cognitive training

After analyzing differences between the auditory and visual cognitive training groups with regards to engagement, training progress, and changes in cognition and symptoms, we examined the association between engagement and changes in cognition and symptoms in all participants regardless of training type.

We wondered whether cognitive gains observed after the training were associated with levels of engagement. Pearson's correlations revealed no significant association between changes in cognition and UWES subscales scores (Supplementary Table 2). We also wondered whether the decrease in symptoms observed after the training was associated with levels of engagement in the intervention. Pearson's correlations between changes in PANSS scores and UWES subscales scores (Table 2) revealed a negative correlation between the decrease in PANSS negative scores and UWES total score (r= -0.58, p= 0.002), as well as with UWES vigor (r= -0.57, p= 0.004), dedication (r= -0.57, p= 0.003) and absorption (r= -0.50, p= 0.013) subscales scores. We also found a negative correlation between PANSS total score and the UWES Vigor subscale (r= -0.40, p= 0.049).

Last, we analyzed whether the improvement observed in cognition and symptoms was associated with training progress. We found no significant Pearson's correlations between t-scores and the changes induced by training in attention, working memory, reasoning and problem solving, and global cognition (Supplementary Table 2), nor between t-scores and the PANSS subscales scores (Table 2).

Facilitators and barriers of digital cognitive training

Analysis of participants' motivation interview transcripts enabled us to identify four main themes that were generated in ATLAS TI software: study experience, cognitive training, metacognition, and intrinsic functioning. Within these four themes, we grouped codes into barriers (codes related to a negative experience/speech) and facilitators (codes related to a positive experience/speech) of the training (Figure 2; Supplementary Table 3). We observed that 71% of participants reported only facilitators, whereas 29% of participants mentioned at least one barrier to the training.

Moreover, 54% of the codes appeared spontaneously during the interview, whereas 46% arose from the questions from the semi-structured interview.

We analyzed whether facilitators and barriers mentioned in the interviews were related to gains in cognition after training. We divided participants into two groups:

those who did and those who did not mention specific codes during the interview. We compared the changes in the cognitive domains that were previously found to significantly improve after the training (i.e. global cognition, attention, working memory, reasoning and problem solving) in these two groups (Figure 3). Patients who mentioned a positive perception of their performance (coded as facilitator 'good We applied the same analysis to test whether the codes generated during the interviews were related to the gains observed in clinical symptoms (Figure 3). We found that participants who mentioned the 'welcoming setting' code (n= 12) presented a larger reduction in negative (median= 2, IQR= -11 -8) and total (median= 2, IQR = -21 -12) symptoms compared to participants who did not mention this code (n= 15, median= -3, IQR= -17 -1, U= 28.00, p= 0.013, r= 0.48 for negative symptoms; and n= 15, median= -8, IQR= -57 --1, U= 39.50, p= 0.002, r= 0.59 for total symptoms). Also, participants who mentioned the code 'good performance' presented significantly lower general psychopathology (n= 17, median= -4, IQR= -32 -6) compared to participants who did not mention this facilitator (n= 10, median= 0.5, IQR= -5 -5, U= 37.50, p= 0.016; r= 0.46). We found no relationship between the other codes extracted from the interviews and cognitive and clinical gains with training.

Association between engagement and motivation

We tested whether the codes that emerged from the motivation interview were related to the score on the UWES engagement scale. We used the same group division mentioned before: patients who did and did not mention specific codes (Figure 3). 

DISCUSSION

Here we found that individuals with schizophrenia who presented higher engagement in the neuroscience-informed digital cognitive training had a larger reduction in symptoms after the intervention, especially in negative symptoms. In general, participants showed significantly lower PANSS total and negative symptoms scores after training. This result is consistent with prior findings [START_REF] Fisher | Neuroplasticity-Based Auditory Training Via Laptop Computer Improves Cognition in Young Individuals With Recent Onset Schizophrenia[END_REF][START_REF] Loewy | Durable Cognitive Gains and Symptom Improvement Are Observed in Individuals With Recent-Onset Schizophrenia 6 Months After a Randomized Trial of Auditory Training Completed Remotely[END_REF][START_REF] Miley | Six month durability of targeted cognitive training supplemented with social cognition exercises in schizophrenia[END_REF][START_REF] Popov | Specific Cognitive Training Normalizes Auditory Sensory Gating in Schizophrenia: A Randomized Trial[END_REF][START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF][START_REF] Subramaniam | Intensive cognitive training in schizophrenia enhances working memory and associated prefrontal cortical efficiency in a manner that drives long-term functional gains[END_REF], although some studies do not find a symptom reduction after digital cognitive training (Fisher et al., 2016b[START_REF] Fisher | Neuroplasticity-Based Cognitive Training in Schizophrenia: An Interim Report on the Effects 6 Months Later[END_REF][START_REF] Fisher | Using Neuroplasticity-Based Auditory Training to Improve Verbal Memory in Schizophrenia[END_REF][START_REF] Ramsay | Response to Targeted Cognitive Training Correlates with Change in Thalamic Volume in a Randomized Trial for Early Schizophrenia[END_REF][START_REF] Subramaniam | Computerized Cognitive Training Restores Neural Activity within the Reality Monitoring Network in Schizophrenia[END_REF]. Therefore, it remains unclear which factors lead to symptom improvement after cognitive training. Our findings help to fill this gap: patients who presented a greater reduction in negative symptoms after training had higher scores in all measures of engagement (UWES vigor, dedication, absorption, and total score), while individuals who presented a greater reduction in total symptoms had higher scores in the Vigor subscale. This data suggests that engagement may be a possible outcome predictor concerning symptom reduction after digital cognitive training.

We also showed that individuals who mentioned a 'welcoming setting' in the motivation interview had a significantly larger decrease in negative and total PANSS scores after training than those who did not mention this facilitator. This finding points out a possible association between the training environment and the response to cognitive training. This is especially relevant considering that lack of motivation to perform goal-directed activities, so-called avolition, is considered an underpinning symptom of schizophrenia since its first characterizations [START_REF] Bleuler | Dementia praecox or the group of schizophrenias[END_REF]. This negative symptom is associated with decreased quality of life [START_REF] Tsapakis | Clinical management of negative symptoms of schizophrenia: An update[END_REF], functionality [START_REF] Fervaha | Impact of primary negative symptoms on functional outcomes in schizophrenia[END_REF], and treatment adherence [START_REF] Subotnik | The impact of second-generation antipsychotic adherence on positive and negative symptoms in recent-onset schizophrenia[END_REF].

Here, we showed that individuals who expressed engagement and motivation to perform cognitive exercises showed a larger reduction in negative symptoms after training.

Future studies should answer whether this improvement can be transferred to quality of life and gains in functionality.

Regarding cognition, patients showed significant improvement in attention, working memory, reasoning and problem solving, and global cognition after the intervention, consistent with several prior reports using similar exercises [START_REF] Dickinson | A Randomized, Controlled Trial of Computer-Assisted Cognitive Remediation for Schizophrenia[END_REF]Fisher et al., 2016a[START_REF] Fisher | Neuroplasticity-Based Auditory Training Via Laptop Computer Improves Cognition in Young Individuals With Recent Onset Schizophrenia[END_REF][START_REF] Fisher | Neuroplasticity-Based Cognitive Training in Schizophrenia: An Interim Report on the Effects 6 Months Later[END_REF][START_REF] Fisher | Using Neuroplasticity-Based Auditory Training to Improve Verbal Memory in Schizophrenia[END_REF][START_REF] Loewy | Durable Cognitive Gains and Symptom Improvement Are Observed in Individuals With Recent-Onset Schizophrenia 6 Months After a Randomized Trial of Auditory Training Completed Remotely[END_REF][START_REF] Miley | Six month durability of targeted cognitive training supplemented with social cognition exercises in schizophrenia[END_REF][START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF][START_REF] Subramaniam | Intensive cognitive training in schizophrenia enhances working memory and associated prefrontal cortical efficiency in a manner that drives long-term functional gains[END_REF][START_REF] Subramaniam | Computerized Cognitive Training Restores Neural Activity within the Reality Monitoring Network in Schizophrenia[END_REF]. Unexpectedly, cognitive changes were not associated with the quantitative measure of engagement. However, they were associated with the qualitative results of motivation as anticipated. For example, individuals who mentioned a 'good performance' showed larger gains in attention, while those who cited 'poor performance' showed smaller gains in global cognition, attention, and working memory. These codes are related to perceived competency and expectation of success, which were the most important predictors of learning effects right after a cognitive remediation program in schizophrenia (Choi and Medalia, 2010) and at a 3month follow-up (Choi et al., 2010).

From the quantitative and qualitative results, we observed that results from both the UWES engagement scale and the motivation interview were associated with symptom reduction after training, but only the results of the motivation interview were associated with cognitive gains. A meta-analysis assessing motivation in schizophrenia pointed out that most studies use behavioral tasks or scales [START_REF] Najas-Garcia | The Relationship of Motivation and Neurocognition with Functionality in Schizophrenia: A Meta-analytic Review[END_REF].

Our results suggest that qualitative measures might be more sensitive to finding associations between motivation and cognition. By adding a qualitative approach, we were able to explore patients' perceptions and strengthen the relationship between researcher and participant, while clarifying what can make training more or less feasible and enjoyable.

This motivation and engagement research was part of a randomized controlled trial comparing the effects of visual versus auditory cognitive training in schizophrenia (n=79; [START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF]. The present data (n=27) suggests that the perceptive modality trained did not interfere with the training progress or engagement, and both groups presented similar improvements in global cognition, attention, reasoning and problem-solving. Similarly, both groups presented a significant decrease in symptoms after the intervention, but only participants in the visual group showed a significant decrease in negative symptoms. This result is partially consistent with our larger sample report, where both groups had improvements in reasoning and problem solving, but improvements in global cognition and attention, as well as a decrease in positive, general, and total symptoms, were specific to the visual exercises [START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF].

Nevertheless, the lower sample size did not preclude the detection of changes after digital cognitive training, and we were able to reveal several associations between motivation and engagement with treatment outcomes -our primary objective.

We highlight two main limitations in this study. First, we did not address motivation and engagement before the intervention. The absence of baseline data

precludes us to answer how digital cognitive training may affect these variables. Future studies should investigate whether targeting motivation and engagement would boost digital cognitive training effects. Second, the sample size differed in some comparisons between participants mentioning or not an interview code (e.g. 'lack of information', mentioning: n= 5; not mentioning: n= 22). Even though we could still detect significant differences between groups, we acknowledge that we probably missed additional differences due to the small sample size. We emphasize the exploratory nature of our findings, therefore replication is essential.

In conclusion, we showed how motivation and engagement affect the response to digital cognitive training in schizophrenia. By using mixed quantitative and qualitative methods, we found predictors of cognitive improvement and symptom reduction after cognitive training in this population. This data is of great clinical relevance, contributing to the development of more personalized, engaging, and efficient cognitive remediation therapies. The Y-axis shows the codes generated by the ATLAS TI software after the interviews' analysis. Each code belongs to a theme that can be identified by the grayscale legend. The X-axis shows the percentage of participants that mentioned a specific code. Barriers are composed of emerging negative codes while facilitators by positive ones. 

  Additionally, research assistants had access to experienced clinicians (LGM, ALG, LG, LS, and RP) who provided mentorship and weekly checked training procedures. Participants performed 40 one-hour long sessions of equivalent visual or auditory digital cognitive training exercises provided by Posit Science, Inc.

  . The visual cognitive training included Visual sweeps, Eye for detail, Target tracker, Card shark, Juggle factor, and Face facts exercises and the auditory training included Sound sweeps, Fine-tuning, Memory grid, Auditory ace, Syllable stacks, and In the know exercises. Each cognitive exercise was explained to the participant prior to training. At the completion of the study, participants received feedback on their percentile progress on trained cognitive domains based on information provided by the BrainHQ platform.

  After the 40-hour digital cognitive training, participants answered a semistructured interview about their motivation during the training. The interview was composed of seven open questions: 'what made you want to perform this training?'; 'what is your opinion on the requirements of the study?'; 'could you tell what you liked and disliked the most about the study and why?'; 'what is your opinion about your performance and do you think it influenced other areas of your life at any moment?'; 'what is your opinion on the training environment and the team?'; 'what is your opinion on the reimbursement of the expenses in this study?'; 'would you like to talk about something we did not address in the previous questions? Would you change something in the study?'. The interviews were conducted in person by an experienced psychologist (LGM) at the Institute of Psychiatry at the Universidade Federal do Rio de Janeiro. To analyze the lexicon of the interviews, participants' audio-recorded answers were transcribed by the same interviewer. Thereafter, transcripts were analyzed by researchers with extensive training in qualitative analysis (LGM, LS, and MTC) using the ATLAS TI software, which allows the creation of a thesaurus and locates, codifies, and evaluates the importance and interrelationship among the codes generated by the transcriptions. When a code was identified again in the same interview, it was counted only once to avoid duplication. The codes were reviewed and discussed by the research team to reliably represent different training-related experiences and were grouped into either barriers or facilitators of the digital cognitive training.

  divided into facilitators and barriers. Next, we compared the changes in cognition and symptoms after training between participants who mentioned and did not mention those codes using Mann-Whitney U tests, giving the asymmetry of the distribution. Next, we calculated effect sizes for the Mann-Whitney U tests using the formula 𝑟 = 𝑟 √𝑟 , with z corresponding to the standardized Mann-Whitney test statistic z, and N to the number of observations. The statistical analysis was conducted using IBM SPSS (28.0 version) and the power analysis with the G*Power software (3.1 version).

Figure 1 .

 1 Figure 1. Flowchart of our randomized controlled trial including the motivation analysis.

Figure 2 .

 2 Figure 2. Barriers and facilitators associated with digital cognitive training

Figure 3 .

 3 Figure 3. Differences in changes in cognition and symptoms after training, and engagement between individuals with schizophrenia who mentioned and did not mention facilitators and barriers to digital cognitive training.

Utrecht

  Work Engagement Scale (UWES -English version) Adapted version of UWES scale to measure engagement in Digital Cognitive Training At my work, I feel bursting with energy. (VI) I feel bursting with energy during the cognitive training sessions. (VI) I find the work that I do full of meaning and purpose. (DE) I find the cognitive training full of meaning and purpose. (DE) Time flies when I'm working. (AB) Time flies when I'm training. (AB) At my job, I feel strong and vigorous (VI) I feel strong and vigorous when I am training. (VI) I am enthusiastic about my job. (DE) I am enthusiastic about cognitive training. (DE) When I am working, I forget everything else around me. (AB) When I am training, I forget everything else around me. (AB) My job inspires me. (DE) The cognitive training inspires me. (DE) When I get up in the morning, I feel like going to work. (VI) When I get up in the morning, I feel like performing the cognitive training. (VI) I feel happy when I am working intensely. (AB) I feel happy when I am performing the cognitive training tasks intensely. (AB) I am proud of the work that I do. (DE) I am proud of the cognitive training that I do. (DE) I am immersed in my work. (AB) I am immersed in the cognitive training. (AB) I can continue working for very long periods at a time. (VI) I can continue training for very long periods at a time. (VI) To me, my job is challenging. (DE) The cognitive training is challenging for me. (DE) I get carried away when I'm working. (AB) I get carried away when I'm training. (AB) At my job, I am very resilient, mentally. (VI) I am very mentally resilient when performing cognitive training. (VI) It is difficult to detach myself from my job. (AB) It is difficult to detach myself from the cognitive training. (AB) At my work, I always persevere, even when things do not go well. (VI) I always persevere in the cognitive training, even when things do not go well. (VI)

Table 2 )

 2 .Next, we assessed differences in cognitive performance between the visual and the auditory groups in our sample, a subgroup of the sample from[START_REF] Scoriels | Auditory versus visual neuroscience-informed cognitive training in schizophrenia: Effects on cognition, symptoms and quality of life[END_REF] to test whether changes in cognitive performance are sensitive to the perceptive modality of the cognitive training. We analyzed data using a repeated-measures two-

way ANOVA that compared cognition of visual and auditory cognitive training groups at baseline and immediately after training. We found statistically significant improvement in global cognition (F (22, 2)= 11.96, p= 0.002) over time, and more specifically in attention (F (22, 2)= 9.91, p= 0.006), working memory (F (22, 2)= 6.43, p= 0.02) and reasoning and problem solving (F (22, 2)= 14.36, p= 0.001). We found no significant interaction of time by type of training for any of the cognitive domains

Table 1 .

 1 Demographic and clinical characteristics of study participants.

		All participants	Visual Training	Auditory	Statistics a
		(n=27)	(n=12)	Training (n=15)	
			Mean (SD)		p-value
	Male/female	18/9	08/4	10/5	0.77
	Age	39.40 (10.61)	38.25 (9.95)	40.94 (10.64)	0.68
	IQ	100.60 (12.63)	102. 62 (13.93)	98.70 (11.36)	0.52
	Education	11.76 (3.46)	11.83 (3.01)	11.71 (3.93)	0.76
	Years of illness	16.68 (11.17)	20.94 (11.51)	13.69 (10.31)	0.15
	PANSS total score	60.77 (14.59)	66.00 (19.00)	56.60 (8.33)	0.05
	Chlorpromazine equivalent	388.60 (251.58)	341.57 (167.86)	435.63 (185.45)	0.09
	Progress in the exercises (t-scores)	0.89 (0.20)	0.91 (0.21)	0.94 (0.18)	0.64
	Hours of training	36 (6)	37 (9)	34 (4)	0.26
	Engagement (UWES scale range)				
	UWES total score (17-119)	67.33 (23.70)	68.5 (22.18)	70.58 (20.54)	0.94
	UWES Vigor (6-42)	21.77 (8.70)	23.91 (9.10)	24.16 (8.49)	0.38
	UWES Dedication (5-35)	22.22 (6.77)	22.91 (6.40)	23.25 (6.29)	0.89
	UWES absorption (6-42)	23.33 (9.59)	21.66 (7.92)	23.16 (6.64)	0.62
	IQ, Intelligence Quotient				
	PANSS, Positive and Negative Symptoms of Schizophrenia			
	UWES, Utrecht Work Engagement Scale adapted to assess engagement in digital cognitive training	

a : Chi-square test was performed for sex and Independent Sample t-test (two-tailed) for all the other variables.

Table 2 .

 2 Correlations between changes in schizophrenia symptoms and engagement and training progress after Digital Cognitive Training.

			PANSS subscales	
				General	
		Positive	Negative	Psychopathology	Total
			r a (p-value)	
	Engagement scale				
	UWES Vigor	-0.04 (0.82)	-0.57 (0.004)	0.06 (0.77)	-0.40 (0.05)
	UWES Dedication	-0.03 (0.88)	-0.57 (0.003)	0.01 (0.95)	-0.39 (0.06)
	UWES Absorption	-0.13 (0.53)	-0.50 (0.013)	0.04 (0.83)	-0.35 (0.09)
	UWES Total	-0.07 (0.73)	-0.58 (0.002)	0.04 (0.84)	-0.37 (0.07)
	Training progress (t-scores)				
	Visual exercises	0.25 (0.40)	0.13 (0.65)	-0.33 (0.26)	0.10 (0.72)
	Auditory exercises	-0.49 (0.07)	-0.40 (0.13)	-0.26 (0.34)	-0.50 (0.06)
	PANSS, Positive and Negative Symptoms Scale;			
	UWES, Utrecht Work Engagement Scale adapted to assess engagement in digital cognitive
	training.				

a Pearson's correlation.

Table 1 .

 1 The adapted version of the Utrecht Work Engagement Scale (UWES) scale to measure engagement in cognitive training.

	Supplementary

Table 2 .

 2 Correlations between changes in cognition after Digital Cognitive Training and engagement measured by the UWES scale and training progress.

	Supplementary UWES Subscales		Training progress (t-
						scores)
						Visual	Auditory
		Vigor	Dedication Absorption	Total	exercises	exercises
				r a (p-value)		
	Changes in cognitive domains						
	Attention	0.36 (0.9)	0.20(0.34)	0.30 (0.15)	0.29 (0.17)	-0.11 (0.72)	0.32 (0.24)
	Working Memory	0.19 (0.36)	0.22 (0.28)	0.28 (0.17)	0.28 (0.17)	0.11 (0.72)	0.19 (0.48)
	Problem-solving	-0.30 (0.17)	-0.24 (0.28)	-0.38 (0.08)	-0.33 (0.12)	0.16 (0.59)	-0.16 (0.56)
	Global Cognition	0.06 (0.77)	-0.11 (0.59)	-0.04 (0.85)	-0.02 (0.92)	0.26 (0.38)	0.42 (0.11)
	Training progress (t-scores)						
	Visual exercises	-0.40 (0.21) -0.11 (0.73) -0.24 (0.46) -0.29 (0.37)		
	Auditory exercises	0.44 (0.17) 0.46 (0.14) 0.46 (0.15) 0.46 (0.14)		

a Pearson's correlation. UWES, Utrecht Work Engagement Scale adapted to assess engagement in digital cognitive training.
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