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Abstract

Introduction: Mood states have been reported to manifest a cross-sectional correlation with self-

assessment accuracy across functional domains and psychiatric conditions. Ecological momentary 

assessment (EMA) provides a strategy to examine the momentary course and correlates of 

mood states. This study tested the association of moods assessed longitudinally with accuracy 

of immediate self-assessments of cognitive test performance in participants with schizophrenia and 

bipolar disorder.

Methods: 240 well-diagnosed participants with schizophrenia and bipolar disorder completed a 

subset of tests from the MATRICS Consensus Cognitive Battery and an immediate self-assessment 

of cognitive performance. Differences between actual and self-reported performance were used to 

index the accuracy of self-assessment. Daily smartphone EMA, 3x per day for 30 days, sampled 
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participants’ momentary moods (sad, happy, relaxed, anxious), aggregated into positive affect and 

negative affect (NA).

Results: Bipolar participants had better cognitive performance, but both samples had equivalent 

mis-estimation. Repeated-measures analyses found that NA did not manifest significant variability 

over time either between or within participants in the two diagnostic groups. Within-group 

analyses found that higher average NA was associated with greater mis-estimation and poorer 

cognitive performance in participants with bipolar disorder, but not in those with schizophrenia.

Conclusion: Negative moods had a significant association with impairments in self-assessment 

of cognitive performance in participants with bipolar disorder. Our study did not confirm 

previous cross-sectional findings of more accurate self-assessment associated with greater NA in 

schizophrenia. These findings suggest that cross-sectional assessments , particularly self-reports, 

may lead to different results than aggregated data from longitudinal evaluations.

Keywords

Schizophrenia; Bipolar Disorder; Cognitive functioning; Introspective Accuracy; Negative Affect; 
Ecological Momentary Assessment

1. Introduction

Cognitive impairments in the domains of attention, verbal learning, and executive function 

are very common in participants with serious psychiatric disorders such as schizophrenia or 

bipolar disorder and are associated with a reduction in psychosocial functioning (Cowman et 

al., 2021; Harvey and Strassnig, 2012; Knight Baune, 2018; Leifker et al., 2009; Tsapekos 

et al., 2021). The concept of behavioral definitions of psychosocial functioning can traced 

back to when Katz et al. (1963) defined psychosocial functioning in terms of activities of 

daily living. The World Health Organization’s International Classification of Functioning, 

Disability and Health (ICF) describes functioning and disability as the outcome of a 

complex, multidimensional interaction between a person’s health condition(s) and context 

(environmental and personal factors; WH0, 2001). Accordingly, functioning is defined by 

the patient’s ability to perform activities in six specific domains (e.g., Cognition, Mobility, 

Self-care, Getting along, Life activities, and Participation) which have served as the basis 

for a number of widely used disability assessments, such as the World Health Organization 

Disability Assessment Scale (WHO-DAS; Üstün et al., 2010).

WHO-DAS measured psychosocial disability can be identified in participants with both 

bipolar disorder and schizophrenia (Strassnig et al.,2018). The prevalence rates for cognitive 

impairments using a 5th percentile impairment threshold in bipolar disorder are between 

5.3–57.7% for executive function, 9.6–51.9% for attention and working memory, 23.3–

44.2% for speed and reaction time, and 8.2–42.1% for verbal memory (Cullen et al., 

2016). Participants with schizophrenia often show more severe and pervasive cognitive 

deficits (Bortolato et al., 2015) with approximately 80% of participants exhibiting clinically 

significant deficits (McCleery and Nuechterlein, 2022). However, it appears that subjective 

cognitive impairments do not always correspond to objective ones in bipolar disorder 

(Faurholt-Jepsen et al., 2020), schizophrenia (Keefe et al., 2006) or in mixed samples of 
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inpatients (Moritz et al., 2004), and that greater disjunction between subjective and objective 

cognitive deficits is a predictor of reduced psychosocial world functioning and quality of life 

(Gould et al., 2015; Hill et al., 2017). In addition to reduction in functioning and clinical 

problems caused by cognitive impairments (Bortolato et al., 2015), cognitive deficits are 

associated with a higher risk for somatic diseases including hypertension, diabetes, and 

metabolic syndrome in schizophrenia (Hagi et al., 2021; Harvey and Strassnig, 2012) as well 

as in bipolar disorder (Dalkner et al., 2021). Researchers have concluded that developing 

insight into the mechanism of self-awareness is a useful target in treatment models for 

people with severe psychiatric disorders (Moritz Lysaker, 2018). Therefore, current research 

has started to address whether accuracy of self-assessment of cognitive abilities, known as 

introspective accuracy (IA), affects social and psychological functioning in the same way 

as actual impairments in cognition and how IA is related to mood and clinical symptom 

parameters in various psychiatric disorders.

Our definition of IA is based on the congruence between judgments of the quality 

of performance and objective data regarding performance. Recent studies concluded 

that reduced IA was associated with poor outcomes including impairments in social 

functioning, depressive symptoms, and everyday functioning (Pinkham et al., 2018; 

Silberstein Harvey, 2019; Springfield Pinkham, 2020). Recently, Tercero et al. (2021) used 

a metacognitive Wisconsin Card sorting test and were able to show that momentary IA 

differed in participants with schizophrenia and bipolar disorder. The discrepancy between 

actual cognitive test performance and momentary self-assessments was more impactful 

in schizophrenia, in that the participants tended to be more reliant on self-generated 

impressions of performance than objective feedback on their performance when generating a 

global self-assessment of their overall abilities at the end of the task.

In addition, IA for social cognitive abilities was found to be a better predictor of 

functional outcome measures than actual social cognitive test performance (Silberstein et al., 

2018), replicating previous findings regarding neurocognition and IA (Gould et al., 2015). 

Accordingly, Fischer et al. (2020) observed that self-reported social functioning is related 

to metacognitive performance and concluded that the metacognitive capacity moderates 

the effects of symptoms on functioning, independent of the effects of neurocognition. In 

a recent meta-analysis, Rouy et al. (2021) concluded that in metacognition research on 

schizophrenia, the inclusion of mood and clinical symptoms is needed, but still lacking.

Ecological Momentary Assessment (EMA) is an efficient way to collect real-time 

information about functioning, productivity, and clinical symptoms in the actual 

environment of the participants. Information on activities, social interaction, or current 

mood states can be queried several times a day via smartphone, resulting in a quantitative 

collection of data on functioning, productivity, and disability over time, which can then 

be correlated with other clinical data. Previous EMA studies in schizophrenia and bipolar 

disorder investigated affective experiences and effects on mobility and concluded that 

momentary emotions and affect play a crucial role in participants’ everyday life and 

mobility (Mote and Fulford, 2020; Parrish et al., 2020; Strassnig et al. 2021a,b). In addition, 

Merikangas et al. (2019) showed that momentary ratings of decreased activity in bipolar 

disorder were significantly associated with later sad moods and were related to earlier sad 
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moods on a trend level. In another study, momentary sad moods predicted fewer productive 

activities and more unproductive and passive activities in participants with bipolar disorder, 

with both momentary sadness and the number of unproductive activities independently 

predicting independent ratings of real-world social functioning (Harvey et al., 2022). In this 

context, it is important that ratings of negative mood states, commonly referred to Negative 

Affect (NA; Watson et al., 1988) such as sadness and anxiety can be used to predict 

psychiatric symptoms including posttraumatic stress, substance abuse, depression, and 

suicide history (Bradley et al., 2011). However, EMA studies of affective experiences and 

the impact on cognitive performance and self-assessment of such performance are scarce. 

One recent study found that smartphone-based, patient-rated cognitive impairments were 

associated with greater perceived stress, lower quality of life, and functional capacity in 

participants with bipolar disorder (Faurholt-Jepsen et al., 2020). In a previous analysis on an 

earlier version of this data set (before the COVID-19 pandemic), Jones et al. (2021) showed 

that 20% of participants with schizophrenia reported never experiencing any momentary 

sad moods over up to 90 EMA assessments and these same participants overestimated their 

cognitive and everyday functioning. Two cross-sectional studies (Harvey et al. 2017; 2019) 

found that participants with schizophrenia who reported a complete absence of sadness (at 

a single in-person assessment) significantly overestimated their functioning compared to 

observer ratings and that greater cross-sectional severity of sadness was associated with 

more agreement between self-reports and observer ratings. In a cross-sectional study in 

bipolar depression with similar methods (Harvey et al., 2015), higher levels of self-reported 

sadness were associated with underestimating cognitive abilities and everyday functioning 

compared to clinician ratings, suggesting different tendencies across bipolar disorder and 

schizophrenia in the associations of mood state and self-assessment accuracy.

To date there has been no study that examined the associations of negative mood states 

sampled longitudinally over time with cognitive test performance and self-assessment of 

that performance in participants with schizophrenia and bipolar disorder. We examined 

the longitudinal course of NA with EMA assessments, examining between-subjects effects 

with repeated-measures analysis of variance and within-subjects effects with mean sum of 

squared differences (MSSD) analyses. Based on cross sectional findings we hypothesized 

that:

1. participants with schizophrenia with higher levels of NA would manifest less 

impairments in IA;

2. Participants with bipolar disorder with greater NA would have greater 

impairments in IA;

3. NA would have limited association with cognition in schizophrenia, because 

clinical symptoms and mood states are generally not associated with cognitive 

performance (McCleerey and Nuechterlein, 2022);

4. Higher NA might be associated with poorer cognitive performance in 

participants with bipolar disorder.

This final prediction is in line with previous results suggesting more common sadness 

correlates with poorer functional outcomes (Judd Akiskal, 2003) and the findings of slightly 
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worse performance in neuropsychological assessments in symptomatic, as compared to 

euthymic, participants with bipolar disorder (Malhi et al., 2007; Wingo et al., 2009).

Methods

2.1 Participants

For this study, 240 DSM-5 diagnosed participants with schizophrenia or schizoaffective 

disorder, or bipolar disorder (Type I or II) were recruited from three study sites: The 

University of Miami Miller School of Medicine (UM), the University of California, San 

Diego (UCSD), and The University of Texas at Dallas (UTD). UM participants were 

recruited from the Jackson Memorial Hospital-University of Miami Medical Center and 

the Miami VA Medical Center. The study was approved by each University’s respective 

ethics committee, and all participants provided written informed consent. All participants 

were screened for potential eligibility using the following criteria: (1) clinically stable (for 

a minimum of six weeks no hospitalizations or extended ambulance contact and a stable 

medication regimen; (2) no history of or current medical or neurological disorders that may 

affect brain functioning; (3) no history of intellectual disability (IQ <70); (4) no history of 

substance use disorder; (5) no visual or hearing impairments that interfere with assessment, 

and (6) no lack of proficiency in English. In addition, individuals with bipolar disorder also 

had to meet stage 3 or higher indicating at least one mood episode recurrence or incomplete 

remission from a first episode according to the staging model by Frank et al. (2015). For 

a detailed description of the study protocol please see our previous reports (Durand et al., 

2021; Harvey et al., 2021; Jones et al., 2021; Strassnig, et al., 2021b). This is an updated 

data set that includes all data collected to date.

Previous reports on the earlier version of the sample have examined EMA measures of 

avolition, utilization of feedback to improve performance on cognitive tests, the correlation 

of momentary mood states with global judgments of cognitive and functional abilities, the 

role of confidence in performance serial tests such as the Wisconsin card sorting test, and the 

correlation of EMA and clinically rated moods and symptoms. The current sample includes 

25 participants with schizophrenia who are new since the previous publications and 43 

participants with bipolar disorder.

2.2 Instruments

2.2.1 Neurocognitive performance and measurement of introspective 
accuracy—A cognitive, clinical, and functional assessment was performed at the end 

of the 30-day EMA period described as below. The cognitive tests were tasks from the 

MATRICS Consensus Cognitive Battery (MCCB; Nuechterlein et al., 2008) to assess 

psychomotor processing speed (Trail Making Test Part A, Semantic fluency (Animal 

Naming Test), auditory working memory (Letter-Number Sequencing), and verbal learning 

and memory (Hopkins Verbal Learning Test). These tasks were selected because of their 

high correlation with composite scores for the MCCB and their brief duration (about 15 

minutes total assessment time). We administered the symbol coding test, but since this test 

was not administered remotely, it was not collected for a proportion of the sample and is 

not included in these analyses. Immediately after completion of each task participants were 
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asked to rate their performance. For each test, participants were provided with a realistic 

range of possible performance, for example: Hopkins Verbal Learning test: “There are a total 
of 36 possible correct responses on this test. How many did you get correct?” Trail Making 

Test IA Question: “How many seconds did it take you to complete the task? (ex. 0.00)”. 

We subtracted actual performance from self-reported performance, resulting in positive 

difference values reflecting overestimation and negative values reflecting underestimation.

2.2.2 EMA procedures—As detailed in our previous reports (Durand et al., 2021; Jones 

et al., 2021; Strassnig, et al., 2021b), a Samsung smartphone with Android OS was used to 

collect the EMA data. Participants either used their own device or a device was provided 

to them for use during the 30-day EMA period. Participants received text messages with 

weblinks to EMA surveys 3 times daily for 30 days. Survey data were not stored on 

the device but was sent to an encrypted, Health Insurance Portability and Accountability 

Act-compliant, cloud storage location in Amazon Web Services. Participants did not need 

to have a Wi-Fi connection to send data to the cloud as the study provided them with 

a data plan. This system allowed researchers to access participant data in real time and 

monitor their progress daily (Amazon Webservices). The text notifications occurred at 

stratified random intervals that varied from day to day within, on average, 4.0-hour windows 

starting at approximately 9:00AM and ending at 9:00PM each day. The first and last daily 

assessment times were adjusted to accommodate each participant’s typical sleep and wake 

schedules. All responses were time-stamped and were only allowed within a 1-hour period 

following the signal, although participants had the option of silencing alarms for 30-minute 

intervals (e.g., driving, naps, classes). An in-person training session (typically <20 min) was 

provided on how to operate and charge the device and respond to surveys, including the 

meaning of all questions and response choices. We selected this one-hour window prior to 

the start of this study in contrast to other intervals (e.g., 15 minutes) because of our findings 

in previous studies that participants commonly engaged in only one activity in the past hour 

(Strassnig et al., 2021a,b) and were also either home or away for the entire past hour in 85% 

of the surveys returned (Granholm et al., 2020; Parrish et al., 2020).

2.2.3 Mood Sampling—EMA surveys were check-box questions asking about 

behaviors performed in specified time periods. The first survey queried about “today” and 

the next two queried “Since the last survey”. The first question in each survey asked about 

the participant’s location, home vs. away. The next screen queried as to with whom the 

person was. Options for this question included: alone, spouse or partner, friends, other 

family members, pets, healthcare providers, caregivers, other known people, and unknown 

people. Being with a pet, but not a human, was considered “alone.” Then, a customized 

home alone, home with someone, or away survey was delivered. The subsequent screens 

then asked what the participant was doing, with response options including an array of 34 

different activities ranging from working for pay, cleaning the house, watching television, or 

doing “nothing.”

Questions about momentary moods were delivered at each survey. Moods were queried 

in sequence, so that sadness, happiness, anxiety, and relaxation were all queried with a 1 

(Completely absent)–7 (Extremely Severe) scale. In line with previous studies of negative 
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affect, we averaged the mood reports for sadness and anxiety into a single “Negative 

Affect“ (NA) index.

2.3 Clinical Assessments.

All participants were assessed on the day of their cognitive testing with structured clinical 

rating scales for depression, Mania, and Psychotic Symptoms.

2.3.1. Clinical ratings of Mood Symptoms—Participants were rated with the 

Montgomery-Asberg Depression Rating scale (MADRS; Montgomery and Asberg, 1979 ) 

and the Young Mania Rating Scale (YMRS; Young et al., 1978 ). We present endpoint scores 

on these measures and relate these endpoint scores to EMA measures. Raters were trained to 

high levels of inter-rater reliability and generated ratings while unaware of the results of the 

EMA surveys.

2.3.2 Schizophrenia-Related Symptoms.—Severity of symptoms was evaluated 

with the Positive and Negative Syndrome Scale (PANSS; Kay et al., 1987), which was 

administered in its entirety by trained raters and on the same day as the cognitive 

assessments. These raters had extensive experience in other studies of participants with 

severe mental illness and were trained to high reliability (ICC>.80) by the study PI 

(Pinkham). The PANSS consists of 30 items and each item was scored on a 7-point Likert 

scale ranging from 1 to 7:

2.3.3 Negative Symptom Models.—Khan and colleagues (2017) generated a two-

factor model of negative symptoms measured by the PANSS, identifying dimensions of 

expressive deficits and experiential deficits. This model is clinically relevant as the reduced 

emotional experience factor has been shown to predict variance in everyday functioning 

in very large samples (Harvey et al., 2017). The items in the PANSS Reduced Emotional 
Experience factor are: Emotional Withdrawal (N2), Passive/Apathetic Social Withdrawal 

(N4) and Active Social Avoidance (G16).

2.4 Statistical analysis

2.4.1 Cognitive performance and IA.—We created composite scores for both 

cognition and IA. As the symbol coding test was not administered remotely, we aggregated 

the other four tests which were available for the entire sample. For cognition, we created test 

x test standard scores in the entire sample and averaged them into a single score. For IA, we 

took the difference of self-reported performance and actual performance for each of the four 

tests, turned the difference scores into an absolute value, and then created standard scores 

and averaged them. Thus, higher scores on cognitive performance reflect better performance 

and higher scores on IA reflect higher levels of inaccuracy compared to actual performance. 

As a validity check on the creation of standard scores, we also created a single principal 

component score for cognitive performance and used a Pearson correlation to compare it to 

the standardized score. The correlation was r=.98 in both samples, so we used the standard 

score for ease of interpretation.
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2.4.2 Mood State Variability.—Mixed model repeated measures (MMRM) analyses 

were used to examine variability in NA over time. We used mixed effects hierarchical 

linear modeling (HLM) wherein we examined the time course of the NA reports. For these 

initial analyses, we entered Day (1–30) and Survey (1–3) as repeated-measures, diagnosis 

as fixed factor, and subject as a random intercept. We used the Generalized Linear Models 

(GLM) program from SPSS version 28 (IBM corporation, 2022). We used the omnibus 

test to determine that the fitted model improved on the intercept-only model. There was 

considerable redundancy/reciprocity between NA and PA: in the entire sample, the mixed 

model association (adjusting for random intercept, Day, and Session) between the [up to] 90 

PA ratings and momentary NA ratings was χ2(6)=3025.70, p<1.0 × 10−5 ,B=−.62.

To examine between-subjects effects we used the daily scores on NA in the model above. 

Mean square of successive difference (MSSD), or the sum of consecutive observation 

differences squared, was calculated as a measure of within-person variability (Jahng et 

al., 2008). This index was calculated as the average difference between successive EMA 

responses on NA., yielding single value per day which was averaged over all days with 

surveys answered. As an example of this variable, an index score of 1 would mean that the 

average difference between successive responses was 1 (12=1) and an average difference 

from item to item of 2 would yield a value of 4. Note that the lowest level of resolution of 

the scale is 1.0. MSSD was calculated with R version 3.6.0.

In the event of non-significant time-course effects on NA, we planned to use a regression 

strategy, creating an NA mean score for each participant across all observations and 

regressing those means on cognitive performance and IA. Only cases who did not complete 

the endpoint cognitive assessments were excluded. Missing survey data for cases who 

completed the endpoint assessments were addressed by using full-information maximum 

likelihood procedures.

There were two outliers in the schizophrenia sample. They had scores of misestimation of 

9.0 SD, because they gave delusional responses on the self-reported TMT A (15 minutes and 

12 minutes), despite test performance that was not exceptional and were therefore excluded 

for analyses of introspective accuracy.

3. Results

There was a total of 21,019 surveys sent and 15,423 answered (73%) with all needed 

information. Table 1 gives the demographic information for the sample. There were 

differences in age, educational attainment, and mothers’ education; participants with bipolar 

disorder were younger and had higher scores on the educational variables. Indicators of 

disability also were more substantial in the participants with schizophrenia and all three 

PANSS variables were more severe in this sample as well. No differences were seen 

in MADRS scores and the participants with bipolar disorder had higher YMRS scores, 

although their scores were in the remitted range other than for 1 participant.

In order to understand the importance of the demographic variables that differed between the 

samples, we computed Pearson Product moment correlations within each sample between 
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age, years of education, mothers’ years of education, and the three critical outcomes 

variables: composite cognitive performance, absolute value IA errors, and mean scores 

on NA. For the participants with schizophrenia, younger age and more education were 

correlated with better scores on composite cognition (r’s=−.25 and .34, p<.002). Mothers’ 

education was not correlated with composite cognitive performance, (r=.049, p=.63). 

Reduced emotional experience, but none of the other clinical or mood variables, manifested 

a nominally significant correlation with composite cognitive performance, r=−.19, p=.035. 

None of the demographic variables correlated with absolute introspective accuracy or 

with average NA. For the participants with bipolar disorder, the findings were essentially 

identical. Younger age and more education were correlated with better scores on composite 

cognition (r’s=−.39 and .38, p<.001). Mothers’ education was not correlated with composite 

cognitive performance, (r=.12, p=.11). Reduced emotional experience, but none of the other 

clinical variables, manifested a nominal correlation with composite cognitive performance, 

r=.23, p=.025, None of the demographic variables correlated with absolute IA or with 

average NA.

Supplemental table 1 presents medication information on participants. Given the nature of 

our study, we could not confirm whether participants were adherent to the medications that 

they were prescribed and did not perform any additional analyses on those data.

The cognitive and self-report scores of the participants are presented in Table 2. Participants 

with bipolar disorder had better cognitive performance than participants with schizophrenia 

on all tasks and on the composite. There was only one difference in self-reported 

performance, however, with the participants with bipolar disorder reporting that they 

performed better on letter-number sequencing. There were no differences in absolute value 

IA across the samples. The absolute IA score was significantly greater than 0 for both 

participants with schizophrenia, t(125)=12.98 p<.001, and bipolar disorder, t(113)=14.85, 

p<.001, reflecting a statistically significant mis-estimation of performance. When the two 

demographic variables that correlated with composite cognitive performance were entered as 

covariates in an analysis of covariance comparing testing diagnosis on composite cognitive 

performance, the effect of diagnosis was still significant, F (1,238)=12.69, p<.001. However, 

the covariate effects of both age, F(1,238)=25.04, p<.001, and education, F (1,238)=31.66, 

p<.001, were statistically significant. For the reduced emotional experience PANSS variable, 

there was also a significant covariate effect, F(1,238)=10.88, p<.001, which did not 

eliminate the effects of diagnosis on composite cognitive performance, F(1,238)=10.96, 

p<.001.

Table 2 also shows the frequencies of NA ratings (averaged across the two items) in both 

samples. As can be seen in the table, there was a considerably greater prevalence of low NA 

ratings compared to higher ones. There were no group differences in mean NA across the 

two samples.

3.1. Time Effects on EMA Negative Affect Variables

As can be seen in Table 3, the omnibus test for overall analysis of day and time of day 

variables on NA was not statistically significant, suggesting no between-subjects differences 

associated with longitudinal NA. For analyses of the MSSD, there were no significant group 
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differences in the MSSD for NA. The mean MSSD for both groups was less than 1.0, 

and the overall sample MSSD did not differ significant from a value of 1, meaning that 

on average the survey to survey differences were 1.0 or less, which is the smallest level 

of resolution possible with the 1–7 point mood scale. Thus, there was limited evidence of 

within-subjects variation in NA.

As there were no significant time-related effects in NA from the HLM and MSSD analyses, 

we created an average NA score for each participant, using all non-missing surveys and 

used the SPSS version 28 non-linear regression subprogram “curve fitting” to correlate 

mean NA scores for the participants, separated by diagnosis, with the corresponding mean 

values of absolute value IA and composite cognitive performance. For analyses of both IA 

and cognitive performance, we entered both linear and quadratic terms and examined the 

significance of the two models. Linear terms entered the model first and then quadratic 

terms entered the equation, in order to determine if non-linear effects were significant after 

consideration of linear effects. Table 4 presents the results of the analyses and Figure 1 

presents scatterplots of the results. As can be seen in the table, there were no significant 

linear nor quadratic effects for the correlation of NA with either cognition or IA in the 

participants with schizophrenia. In contrast, for the participants with bipolar disorder, there 

were significant linear and quadratic correlations with introspective accuracy, with higher 

NA predicting greater absolute inaccuracy scores for IA in the linear model and the highest 

levels of NA also suggesting acceleration in prediction in the quadratic model. Interestingly, 

for prediction of cognition, the quadratic effect was significant and the linear effect was not. 

Looking at the curve for the data, it suggests that participants with the lowest average NA 

and the highest average NA both had slight reductions in cognitive performance.

4. Discussion

This study supported the hypothesis that the experience of negative affect has an association 

with IA which differs across schizophrenia and bipolar disorder, with the association of 

NA and IA across the two samples diverging completely. Consistent with recent studies 

demonstrating overestimation of cognitive function in both participants with schizophrenia 

and bipolar disorder (Tercero et al., 2021), we observed immediate overestimation of 

performance in both groups. Higher levels of NA averaged over the sampling period were 

associated with greater challenges in IA in participants with bipolar disorder. In contrast to 

previous cross-sectional studies, there was no increase in IA accuracy in participants with 

schizophrenia with a higher mean severity of NA. For cognitive performance, there were 

two effects of note: participants with schizophrenia demonstrated essentially no correlation 

between NA and cognitive performance, while in the bipolar group those participants who 

reported the complete absence of NA had poorer cognitive performance than those with 

moderate NA intensity ratings and the highest NA ratings correlated with poorer cognitive 

performance. This non-linear association suggests that very low NA ratings, which would 

be expected to be somewhat less common in bipolar disorder, may have cognitive ability 

correlates. In general, the association between NA, IA, and cognition seemed interpretable in 

participants with bipolar disorder.
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While the lack of an NA→IA relationship may seem inconsistent with the studies 

cited above, wherein low scores on the Beck Depression Inventory were associated with 

overestimation of abilities, momentary judgments of immediately proximal test performance 

may be a different process than that of generation of a global self-rating of competence 

in a broad domain such as social functioning, work skills, or cognition. In our previous 

study, momentary judgments of task performance were inaccurate in both schizophrenia and 

bipolar disorder, but participants with bipolar disorder generated self-assessments of their 

overall task performance that were correlated with their number of correct task responses, 

but the participants with schizophrenia did not (Tercero et al., 2021). The discrepancy from 

previous cross-sectional results in participants with schizophrenia may also be related to the 

fact that those studies used a single self-assessment on a depression scale, rather than an 

aggregation of momentary mood state ratings. The lack of temporal variation in NA does 

still not preclude response bias in cross sectional judgments. There could very well be a 

global self-assessment bias wherein the overall belief that one is never sad is associated with 

the idea that one has no other life challenges as well.

Previous cross-sectional studies have suggested that there are modest cognitive performance 

differences between participants with bipolar disorder during euthymia and during affective 

episodes. These results are consistent with those findings, which were also captured at a 

single point in time. There are a few previous momentary studies of affective experience in 

bipolar disorder (Merikangas et al., 2019; Mote and Fulford, 2020; Strassnig, et al., 2021b), 

but none have linked predominant mood states to the ability to accurate gauge immediately 

proximal task performance. We found that between subjects’ variation in mood states over 

time were minimal and that within-person variation in mood states was also limited. Given 

the level of chronicity and disability seen in the sample, these low ratings on NA may 

themselves reflect challenges in momentary assessments of mood states, possibly indicating 

challenges with “emotional introspective accuracy”.

Given the magnitude of over-estimation of cognitive abilities in both samples and the 

previous data suggesting adverse impacts on everyday functioning, therapeutic interventions 

targeting mis-estimation and response bias seem critical. Previous reviews have suggested 

that the impact of mis-estimation of skills on disability is as great as the impact of cognitive 

impairments (Harvey et al., 2019). Mervis et al (2022) suggested that integrative therapies 

are making progress in terms of their development, but also cautioned that the increasing the 

accuracy of self-assessments may lead to adverse impacts on self-esteem and depression. 

Therapies targeting response biases and making decisions on the basis of inadequate 

information have been shown to be broadly effective in psychotic conditions (Penney et 

al., 2022) and digitally delivered variants of these interventions are available (Bruhns, et al., 

2022).

There are some limitations that must be considered. First, as noted above, the distribution 

of NA reports was skewed in the direction of lower scores. Further, there no time effects 

or appreciable evidence of within-subjects variance in reports of NA, suggesting that in 

these two samples the experience of NA has trait-like qualities. In previous studies of 

participants with bipolar disorder assessed on a weekly or monthly basis, months with no 

mood symptoms at all were not uncommon, comprising about 40% of the months sampled 
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(Judd et al., 2005). This finding is consistent with limited day to day variance in negative 

affect. These previous findings of many months with no mood symptoms, across polarity, 

also suggest that low scores on NA are not completely implausible in bipolar disorder. 

There is about 25% missing survey data, nonetheless, this study is one of the largest studies 

using an EMA assessment in the psychiatric setting and the first to aggregate predominant 

mood experience over a month and relate it to self-assessment accuracy Future research 

with real-time momentary assessments of mood states, cognitive performance, and the 

accuracy of momentary judgments of performance will get even closer to the accuracy of 

self-assessment and any possible associations with the quality of cognitive performance. 

It could be argued that a healthy comparison group would be important in such a study. 

However, in our previous case-control study with healthy controls, (Granholm et al, 2020), 

the mean NA score across 49 surveys was 1.6, which is considerably lower than the 

participants in this study. In fact, the modal score for healthy controls in both sad (72%) 

and anxious (74%) was a score of 1 on the 7-point scale, which was more than twice as 

common as scores of 1 in our current sample.

4.1 Conclusions

Over-estimation of cognitive performance was substantial in both participants with 

schizophrenia and bipolar disorder, with no diagnostic differences in overall inaccurate IA. 

More intense NA mood states aggregated from momentary assessments were correlated with 

both cognitive task performance and self-assessment of that performance in participants 

with bipolar disorder, with no similar relationships seen in participants with schizophrenia. 

Momentary reports of mood states were skewed toward lower severity scores in both 

samples and did not vary notably over time or at within subjects levels. Later research will 

have to fine tune the assessment of misestimation and momentary mood states, perhaps by 

using repeated cognitive performance assessments, IA estimates, and immediately generated 

global impressions of performance linked in real time to the current mood states.
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Figure 1. 
Linear and Quadratic Term Analyses of the Correlations of Absolute Value Introspective 

accuracy and Composite Cognitive Performance with Aggregate Scores on Negative Affect 

Across Diagnoses of Schizophrenia and Bipolar Disorder.
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Table 1.

Demographic and clinical information for the Schizophrenia and Bipolar Participant samples

SCZ BD Statistics, p

N 126 114

Age [M (SD)] 41.91 [10.74] 38.45 [11.69] t=2.38, .018

Sex (% Female) 49% 68% χ2=8.05, .02

Racial status White (%) 35% 57% χ2=22.24, <.001

Black (%) 52% 24%

Other (%) 17% 19%

Ethnicity (% Hispanic) 22% 27% χ2=0.62, .43

Years of Education [M, SD] 12.67 [2.39] 14.23[2.42] t=5.02, <.001

Mother’s Education 12.67 [3.16] 13.77 [3.23] t=2.59, .007

Employment Full Time 8% 27% χ2=14.07, <.001

Part Time 22% 24%

Unemployed/Disabled 70% 49%

Unemployed for more than 12 months (%) 87% 76% χ2=4.01, .045

MADRS [M, SD] 10.71 (10.86) 13.40 (10.57) t=1.93, .055

YMRS [M, SD] 1.01 (3.48) 3.15 (4.63) t=4.06, <.001

PANSS Positive symptoms [M, SD] 15.88 (5.04) 10.32 (4.23) t=10.10, <.001

PANSS Reduced experience [M, SD] 6.23 (4.08) 4.69 (2.21) t=4.82, <.001

PANSS Reduced expression [M, SD] 5.99 (2.46) 4.76 (2.29) t=3.97, <.001

Note: SCZ=Schizophrenia, BD=Bipolar Disorder, MADRS= Montgomery–Åsberg Depression Rating Scale, YMRS=Young Mania Rating Scale, 
PANNS=Positive and Negative Syndrome Scale
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Table 2.

Actual and self-reported Cognitive Test Performance and Frequency of Momentary negative affect ratings 

Across Schizophrenia and Bipolar Participants

Schizophrenia n = 126 Bipolar Disorder n = 114 T (p),d

M SD M SD

Trail Making Test Part A 
(sec)

35.59 18.75 31.38 11.86 2.10 (037), .27

SR TMT A 26.01 39.03 21.00 16.61 1.20 (.20), .17

Letter-Number Sequencing 12.35 4.04 13.75 3.89 2.70 (.007), .35

SR LNS 13.69 5.68 15.15 5.18 1.99 (.048), .26

Animal Naming Test 20.94 5.74 23.54 5.69 3.50 (<.001), .46

SR ANT 18.94 8.52 19.43 7.59 0.43 (.34),.06

Hopkins Verbal Learning 
Test

20.75 5.70 23.69 6.22 3.81 (<.001), .50

SR HVLT 19.71 8.10 21.13 8.17 1.39 (.09), .18

Composite Cognition −.25 1.02 0.28 0.92 4.17 (<.001), .98

Absolute Value IA 0.49 0.42 0.41 0.29 1.64 (.10), .36

All cognitive test scores differed significantly from self-reported cognition scores within the participants with schizophrenia and bipolar 
disorder (p<.001).

Frequencies and Averages of NA Severity Scores Across Participants with Schizophrenia and Bipolar Disorder.

SCZ BD

N % N %

1 2586 32 2184 30

2 1609 20 1506 20

3 1429 18 1297 18

4 1252 16 1213 17

5 673 8 744 10

6 240 3 308 4

7 263 3 119 2

Total 8052 7371

Mean SD Mean SD T (p),d

2.88 1.35 3.01 1.28 0.77 (.22), .10

Note: SCZ=Schizophrenia, BD=Bipolar Disorder, SR=Self-reported, NA=Negative Affect, IA=Introspective accuracy, TMT A=Trail Making Test 
Part LNS=Maryland Letter-Number Sequencing Test, ANT=Animal Naming Test, HVLT=Hopkins Verbal Learning Test
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Table 3.

Time Course of Negative Affect in Schizophrenia and Bipolar Disorder over up to 90 Ecological Momentary 

Assessment Surveys over 30 days:: Hierarchical Modeling and Mean Sum of Squared Deviations Analyses

Hierarchical Modeling

Negative Affect Scores

χ2 df p

Omnibus test 41.00 33 .16

Intercept 88.21 1 <.001

Day 22.21 29 .71

Session 8.13 2 .06

Diagnosis 8.16 1 .004

Note: Overall Analysis is nonsignificant

Mean Sum of Squared Deviations

Schizophrenia Bipolar Disorder

MSSD M SD M SD t p d

0.72 1.77 0.94 1.54 1.11 .13 .14

Note. A t-test comparing the total sample MSSD to 1.0 was not statistically significant, t(239)=1.63, p=0.11
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Table 4.

Results of Non-Linear Regression Analyses Using Aggregate Scores on Negative Affect to Predict Composite 

Cognitive Performance and Absolute Values of Introspective Accuracy Across Participants with Diagnoses of 

Schizophrenia and Bipolar Disorder

Schizophrenia

R 2 F df1 df2 p b1 b2

   Cognition

Linear Term .01 1.20 1 125 .28 −.05

 

Quadratic Term .01 0.70 1 124 .51 −.14 .01

 

  R 2 F df1 df2 p b1 b2

   Introspective Accuracy

Linear Term 0.00 .041 1 125 .84 −.01

 

Quadratic Term .001 .076 2 124 .93 .029 −.01

 

 

Bipolar Disorder

 

  R 2 F df1 df2 p b1 b2

   Cognition

Linear Term .01 0.08 1 113 .78 .014

 

Quadratic Term .10 5.59 1 112    .005 .81 −.13

 

  R 2 F df1 df2 p b1 b2

   Introspective Accuracy

Linear Term .06 7.13 1 113    .009 .06

 

Quadratic Term .07 4.01 1 112    .021 −.04 .02

Note: Non-linear regression analyses in the prediction of negative affect (NA) on cognitive test performance or introspective accuracy (IA) in the 
two samples.

b1 is the slope of the linear term

b2 is the slope of the quadratic term
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