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Abstract: Flexibly and actively updating expectations based on feedback is crucial for navigating
daily life. Previous research has shown that people with schizophrenia (PSZ) have difficulty adjusting
their expectations. However, there are studies suggesting otherwise. To explore this further, we
used a novel trial-based expectation updating paradigm called attribute amnesia. In the task, the
participants needed to report the location of a target stimulus among distractors in pre-surprise
trials. In the surprise trial, they were unexpectedly asked to report the identity of the target before
reporting its location. Afterward, control trials were conducted whereby the participants were asked
the same questions as in the surprise trial. Notably, the surprise trial and control trials were nearly
identical, except that the participants expected to be asked about identity information in the control
trials but not in the surprise trial. Thus, an improvement in identity reporting accuracy in the
control trials in comparison with the surprise trial indicated active updating of expectations. In the
current study, a total of 63 PSZ and 60 healthy control subjects (HCS) were enrolled. We found that
both the PSZ and the HCS were unable to report information that they had fully attended to (i.e.,
identity) in the surprise trial. However, both groups showed a significant improvement in reporting
identity information even in the first control trial. Critically, there was no significant difference in the
magnitude of improvement between the two groups. The current findings indicate that PSZ have
the ability to update their expectations as quickly and flexibly as HCS, at least in the context of the
current task. The possible factors that might contribute to the discrepancy regarding expectation
updating are discussed.

Keywords: expectation updating; predictive coding; cognitive flexibility; memory; attribute amnesia

1. Introduction

Expectations help us to navigate through daily events by shaping and influencing our
anticipatory and reactive behaviors in various aspects of life. Evidence has revealed that
expectation manipulation could possibly change the consequences of ambiguity percep-
tion [1], decision-making [2], risk-taking propensity [3], and even treatment efficacy [4].
However, in real-life scenarios, we sometimes come across occasions when the established
expectations are violated by the incoming sensory input, and we may either maintain or
update our prior expectations. In this sense, expectation updating, also referred to as belief
updating, is defined as the adjustment of current higher-level predictions based on the
receipt of new information [5]. Although the average person is capable of disregarding
random noises and flexibly integrating the important violations facing disconfirmatory
evidence, people with schizophrenia (PSZ) seem to inappropriately process expectation
errors [6–14], probably leading to different patterns of expectation updating compared to
the general population.
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Inconsistent findings have been reported regarding the capability of PSZ to update
their expectations. Empirical research suggests that PSZ are unable to appropriately
adjust their expectations based on external information [6–14]. For example, in a simple
perceptual task [15], participants were required to report the final direction of a random dot
motion display, which sometimes changed direction midway through the trial. The results
showed that the PSZ were significantly more likely to report the initial direction of the
moving dots, even when the direction changed by 90 degrees. This suggests that PSZ have
difficulty updating their beliefs even in the face of disconfirmatory evidence compared
to healthy control subjects (HCS) [15]. In addition to the perceptual level [15,16], similar
deficits have also been observed at the level of higher-order processes that involve evidence
gathering [17–19], probability learning [20–22], and language processing [23,24]. It is also
worth noting that this deficit in prediction updating was found to be associated with the
severity of delusional symptoms in PSZ, indicating the potential interplay between belief
updating and delusion development in schizophrenia [15].

Interestingly, there is opposite evidence suggesting that PSZ retain the ability to update
their expectations in response to changing environments [25,26]. In one study, participants
were asked to predict the tilt direction (left or right) of an upcoming visual stimulus, with
probabilities (left vs. right) varying across blocks of the task. The results showed that PSZ
were able to detect patterns and adjust their predictions based on different probabilities in a
similar way to the HCS [25]. Another study provided further evidence that PSZ can update
their expectations based on the changes in the context to optimize their performance once
they have successfully learned the initial probabilistic discriminations [26]. The above-
mentioned findings suggest that PSZ are capable of updating their expectations but may
struggle in certain contexts and also propose the necessity to continue investigating the
expectation updating capability in PSZ and its correlations with clinical symptoms.

Given the inconsistent findings in previous research, the present study aims to further
investigate the ability of PSZ to update their expectations in response to contextual changes.
Moreover, we used a trial-based expectation updating paradigm to investigate whether
PSZ could update their expectations as instantly as HCS.

2. Materials and Methods
2.1. Research Paradigm

Here, we adopted a novel paradigm called attribute amnesia [27], whereby the par-
ticipants were repeatedly asked to report the location of a target stimulus (e.g., numbers
larger than five) among three distractors (e.g., numbers smaller than five) and were then
unexpectedly asked to report the identity of the target before reporting its location in a
surprise trial. After this, several control trials were administered whereby the participants
were asked the same questions as in the surprise trial. Research by Chen and Wyble [27,28]
consistently demonstrated that college students were unable to report the target identity
when they did not expect to do so, despite having used that identity to locate the target
moments earlier. However, they were able to accurately report the identity information
in the first control trial. Note that the surprise trial and control trials were essentially the
same, with the exception that the participants anticipated the probe of identity information
in the control trials but not in the surprise trial. Therefore, such an improvement in identity
reporting tasks indicates active updating of expectations about what information should
be probed. By comparing the performance in identity reporting tasks in the surprise and
control trials in PSZ, we were able to directly examine their ability to flexibly update their
expectations. In addition, the attribute amnesia task is straightforward and brief, with it
only involving the localization of a target stimulus by its identity, and can be completed
within a few minutes. This is particularly important considering that the performance of
PSZ can be easily confounded by nonspecific factors, such as reduced motivation and poor
task comprehension. Taken together, the attribute amnesia paradigm provides a valuable
tool to investigate the ability of expectation updating in PSZ, and we hope to enhance our
understanding of this important cognitive process in individuals with psychosis.
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2.2. Participants

We included two separate groups of participants, totaling 63 PSZ and 60 HCS. The
initial results from the first group of participants have been preprinted and can be found on
the OSF website [https://doi.org/10.31219/osf.io/szdx9 (accessed on 31 March 2023)]. To
ensure the robustness and reliability of our findings, we conducted a replication experiment
with the second group of participants. Remarkably, the results from the second group
displayed precisely the same pattern as the first group. Therefore, for the sake of simplicity
and clarity, we decided to combine and analyze the data from both groups in the current
study. In the PSZ group, three of the PSZ were excluded from formal analysis due to
low accuracy in the identity reporting task in the control trials, resulting in a final sample
of 60 PSZ for formal analyses. All PSZ were clinically stable patients with a confirmed
diagnosis of schizophrenia according to the International Classification of Diseases, tenth
version (ICD-10) [29], by experienced psychiatrists. Symptoms and social function were
assessed using the Positive and Negative Syndrome Scale (PANSS) [30] and the Social
Disability Screening Schedule (SDSS) [31], respectively. The HCS were recruited through
online and offline advertising. All participants, both the PSZ and HCS, reported normal or
corrected-to-normal acuity and were free of other medical or neurologic comorbidities that
could have affected their performance. The medication dosages of the PSZ were converted
into chlorpromazine (CPZ) equivalents [32].

2.3. Stimuli and Procedure

The experiment was programmed and executed using MATLAB software R2014a
(The MathWorks; Natick, MA, USA) with the Psychophysics Toolbox extension [33,34]
and presented on a 14-inch laptop monitor (60 Hz, 1024 × 768 screen resolution). The
participants sat at a viewing distance of approximately 50 cm. The background of the
display was medium gray (RGB: 150, 150, 150).

As shown in Figure 1, Each trial began with a centered black fixation cross (0.57◦ visual
angle) among four black placeholder circles (0.46◦). The four placeholders were presented
on the four corners of an invisible square (5.15◦ × 5.15◦) centered on the screen. After a
variable duration (800–1800 ms), the stimulus array appeared for 250 ms. The stimulus
array contained one target number that was larger than five (6, 7, 8, or 9; 0.57◦ × 0.80◦) and
three distractor numbers (1 to 4; 0.57◦ × 0.80◦), which were randomly presented at the four
locations of the placeholders. This stimuli display was followed by a 500 ms fixation cross
display. In the first 26 pre-surprise trials, the participants were asked to report the location
where the target number had appeared (location task). In the twenty-seventh trial (i.e.,
the surprise trial), prior to the location task, the participants were unexpectedly presented
with a forced-choice question requiring them to indicate which of four numbers was the
target number they had just seen. Following the surprise trial, the participants completed
five control trials which were in the same format as the surprise trial. The participants
responded by pressing corresponding keys on a keyboard in the pre-surprise trials, whereas
they gave verbal responses that were recorded by the experimenter in the surprise and
control trials.

https://doi.org/10.31219/osf.io/szdx9
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Figure 1. Trial sequence of the experiment. The participants were repeatedly asked to finish a target 
localization task in the pre-surprise trials, while they were prompted unexpectedly to complete a 
memory test in the surprise trial where they needed to indicate the identity of the target. The par-
ticipants read the question and responded by pressing corresponding keys in the pre-surprise trials, 
whereas they gave verbal responses which were recorded by experimenters in the surprise trial and 
control trials. Note that the instructions on the display were actually presented in Chinese during 
the experiment. 

3. Results 
Demographic data: Table 1 displays the participants’ characteristics. A total of 60 par-

ticipants were included in the PSZ group (34 [57%] male and 26 [43%] female; mean [SD] 
age, 37.0 [10.2] years; mean [SD] education, 12.1 [2.6] years) and 60 participants were in-
cluded in the HCS group (30 [50%] male and 30 [50%] female; mean [SD] age, 36.0 [10.3] 
years; mean [SD] education, 11.4 [3.3] years). The two groups were well matched for age 
(p = 0.606), gender (p = 0.189), and education (p = 0.464). 

Table 1. Participants’ characteristics (mean (SD)). 

Demographics PSZ (n = 60) HCS (n = 60) Statistics 
Age, y 37.0 (10.2) 36.0 (10.3) t = −0.517 p = 0.606 
Education, y 12.1 (2.6) 11.4 (3.3) t = −1.322 p = 0.189 
No. male/female 34:26 30:30 χ2 = 0.536 p = 0.464 
Duration of illness, y 14.4 (9.1)    

CPZ does equivalent, mg/d 1 371.9 (187.2)    

PANSS 56.0 (17.5)    

Positive scale 15.5 (6.5)    

Negative scale 13.4 (6.1)    

General psychopathology scale 27.1 (8.6)    

Figure 1. Trial sequence of the experiment. The participants were repeatedly asked to finish a target
localization task in the pre-surprise trials, while they were prompted unexpectedly to complete
a memory test in the surprise trial where they needed to indicate the identity of the target. The
participants read the question and responded by pressing corresponding keys in the pre-surprise
trials, whereas they gave verbal responses which were recorded by experimenters in the surprise
trial and control trials. Note that the instructions on the display were actually presented in Chinese
during the experiment.

3. Results

Demographic data: Table 1 displays the participants’ characteristics. A total of 60
participants were included in the PSZ group (34 [57%] male and 26 [43%] female; mean
[SD] age, 37.0 [10.2] years; mean [SD] education, 12.1 [2.6] years) and 60 participants were
included in the HCS group (30 [50%] male and 30 [50%] female; mean [SD] age, 36.0 [10.3]
years; mean [SD] education, 11.4 [3.3] years). The two groups were well matched for age
(p = 0.606), gender (p = 0.189), and education (p = 0.464).

Pre-surprise performance: Both the HCS and the PSZ demonstrated high accuracy in
correctly identifying the target number among the distractor numbers and reporting its
location in the pre-surprise trials (HCS: 96%; PSZ: 95%), as summarized in Table 2. This
suggested that both groups, including the PSZ, had a good understanding of the task.

Surprise trial performance: In the surprise trial, 30 out of 60 (50%) HCS and 25 out
of 60 (42%) PSZ were able to correctly report the identity of the target number. Two
groups showed comparable accuracy in reporting the target number’s identity: χ2(1,
N = 120) = 0.839, p = 0.360, and φ = 0.08. Additionally, the two groups were similar in the
location report task, with the HCS at 63% and the PSZ at 70%.

Control trials performance: As shown in Figure 2, the accuracy in the identity reporting
task was significantly improved in the first control trial (i.e., the trial immediately following
the surprise trial) compared to the surprise trial in both the HCS and PSZ; HCS: 88% vs. 50%,
χ2 (1, N = 120) = 20.671, p < 0.0001, and φ = 0.42; PSZ: 78% vs. 42%, χ2 (1, N = 120) = 16.806,
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p < 0.0001, and φ = 0.37. Moreover, the PSZ showed comparable accuracy to the HCS in
the first control trial (78% vs. 88%, χ2 (1, N = 120) = 2.16, p = 0.142, and φ = 0.13). These
results indicated that the PSZ, like the HCS, were able to update their expectations based
on the surprise question. Performance in the identity reporting task remained constant for
the four remaining control trials for both groups (HCS: 92%, 93%, 95%, and 93%; PSZ: 92%,
93%, 95%, and 93%).

Table 1. Participants’ characteristics (mean (SD)).

Demographics PSZ (n = 60) HCS (n = 60) Statistics

Age, y 37.0 (10.2) 36.0 (10.3) t = −0.517 p = 0.606
Education, y 12.1 (2.6) 11.4 (3.3) t = −1.322 p = 0.189
No. male/female 34:26 30:30 χ2 = 0.536 p = 0.464
Duration of illness, y 14.4 (9.1)
CPZ does equivalent, mg/d 1 371.9 (187.2)
PANSS 56.0 (17.5)
Positive scale 15.5 (6.5)
Negative scale 13.4 (6.1)
General psychopathology scale 27.1 (8.6)
SDSS 2 9.2 (4.1)

Note: PSZ, people with schizophrenia; HCS, healthy control subjects; PANSS = Positive and Negative Syndrome
Scale; SDSS = Social Disability Screening Schedule; CPZ = chlorpromazine. 1 Data missing for six PSZ; 2 Data
missing for one person with schizophrenia.

Table 2. The accuracy results of the HCS and the PSZ.

Pre-Surprise Surprise Control_1 Control_2 Control_3 Control_4 Control_5

Identity
HCS 50% 88% 92% 93% 95% 93%
PSZ 42% 78% 92% 93% 95% 93%

Location
HCS 96% 63% 83% 82% 93% 95% 98%
PSZ 95% 70% 70% 90% 90% 92% 85%

Note: PSZ, people with schizophrenia; HCS, healthy control subjects.
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Figure 2. The accuracy in the identity reporting task in the surprise trial vs. the first control trial
for the HCS (healthy control subjects) and the PSZ (people with schizophrenia). Both the HCS and
the PSZ exhibited considerable improvement in reporting the identity information during the first
control trial. **** p < 0.0001.

In terms of reporting location information, only the HCS showed significantly higher
performance in the first control trial compared to the surprise trial, and this increase reached
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significance (83% vs. 63%, χ2 (1, N = 120) = 6.136, p = 0.013, and φ = 0.23), while the that of
the PSZ did not (70% vs. 70%). However, the improvement did reach significance when
comparing the surprise trial to the second control trial for the PSZ: 70% vs. 90%, χ2 (1,
N = 120) = 7.5, p = 0.006, and φ = 0.25. The accuracy in the first control trial for the HCS was
higher than for the PSZ (83% vs. 70%, χ2 (1, N = 120) = 2.981, p = 0.084, and φ = 0.16); this
difference approached significance. Performance in the location reporting task remained
constant in both groups for the three remaining control trials (HCS: 93%, 95%, and 98%;
PSZ: 90%, 92%, and 85%).

Comparison of expectation updating between the two groups: Breslow–Day tests [35]
were conducted to investigate whether there were any significant differences between the
two groups in terms of performance improvement from the surprise trial to the first control
trial. The results showed that there was no significant difference between the two groups,
(χ2 = 0.412; p = 0.521), suggesting that the PSZ were able to update their expectations as
swiftly and flexibly as the HCS.

Correlation analyses: To examine whether the demographic (e.g., age, education,
and sex) and clinical (e.g., CPZ does equivalent, illness duration, PANSS subscale scores,
and SDSS) variables were correlated with the performance of the PSZ, we calculated
the correlation coefficients between these moderators and the accuracy of the identity
report during the surprise trial and the first control trial and for the progress between
these two trials. As our statistics encompassed an ordinal dependent variable and non-
Gaussian distributed continuous independent variables, the non-parametric Spearman
correlation index (rho) was used to reflect the correlational relationships. The results
showed no significance of any bivariate correlations during the surprise trial or for the
between-trial progress (all p-values > 0.05). However, in the first control trial, the PANSS
positive scale score manifested a positive correlation with the accuracy of the identity report
(rho = 0.261, p = 0.044), indicating that the PSZ with stronger positive symptoms tended to
more successfully report identity information with instantly updated expectations. None
of any of the other bivariate correlations during the first control trial reached significance
(all p-values > 0.05).

4. Discussion

In this study, we used a trial-based paradigm to investigate whether PSZ could adjust
their expectations in response to changes in context. We found that, like the HCS, the
PSZ were unable to report information that they had fully attended to (i.e., identity) in
a surprise trial. However, they showed a significant improvement in reporting identity
information during the first control trial, indicating active updating of their expectations.
Remarkably, this improvement occurred immediately in the first control trial, and no delay
was observed when compared to the HCS. Our findings suggest that PSZ have a relatively
intact ability to update their expectations, at least within the scope of the present task.

Previous research on expectation updating in PSZ has often utilized probability learn-
ing tasks, which usually involves the analysis of trial-averaged data to measure expectation
updating [20–23]. As proposed by Broeker et al. [36], our study used a trial-based expecta-
tion updating paradigm that allowed us to examine updating based on a single trial, i.e.,
the surprise trial. Specifically, in this paradigm, the participants were given an expectation
that only location information, but not identity information, needed to be memorized and
reported in the pre-surprise trials. However, this expectation was violated in the surprise
trial with the introduction of a new predictive message (i.e., the identity report) [37,38]. By
comparing the accuracy of identity reporting between the control and surprise trials, we
were able to determine whether and how quickly an update occurred due to the single
surprise trial. One previous study modeled trial-by-trial expectation updating in PSZ [22].
However, the task used in the study was highly demanding in terms of working memory,
and therefore, the results obtained might be complicated by impairments in their working
memory [22]. In contrast, the task employed here was relatively easy, as it only required
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reporting information that had been used moments earlier. Thus, our findings may provide
a relatively pure measure of expectation updating.

Our study seems to contrast with a common-held belief that PSZ are characterized
by preservation and inflexibility [39]. Indeed, there is a substantial amount of research
suggesting that PSZ are impaired in appropriately updating their expectations [6–14].
However, there are also some studies suggesting otherwise [25,26]. Our study adds to this
evidence by demonstrating that PSZ are actually capable of updating their expectations, at
least in the context of the attribute amnesia task. One possible factor that may contribute
to the discrepant findings is the general neurocognitive function of PSZ (e.g., working
memory abilities) [22]. For example, research has shown that the difference in expectation
updating between PSZ and HCS disappeared after removing the PSZ who performed
poorly in basic neurocognitive tests and contingency discrimination from the analysis [26].
Furthermore, a study [25] that controlled for neurocognitive and demographic factors
found no evidence of deficits in expectation updating among PSZ, suggesting that these
factors may play a role in the ability of expectation updating. Another possible factor may
be the experimental paradigm per se. The task used in this study was relatively simple
and straightforward, as it solely involved updating expectations about whether earlier
information needed reporting, without any contingency monitoring or probability learning
as required in previous research [20–23]. Therefore, the current task might be more sensitive
to reveal expectation updating, which could explain the reason as to why no deficits were
observed in our study.

Our findings are illuminating for the impact of expectation on memory in schizophre-
nia. Specifically, correctly reporting the identity information in the first control trial required
the participants to not only adjust their expectations accordingly but also successfully mod-
ulate their memory based on the updated expectations. Our findings indicated that the PSZ
were able to memorize information according to their expectations, suggesting an unim-
paired modulation of expectation on memory. Previous research has shown that PSZ exhibit
disruptions in the modulation of expectations on perception [40], motor control [41,42], and
language processing [43]. But relatively little is known concerning the impact of expectation
on memory. One study investigating selective encoding in schizophrenia demonstrated
that PSZ exhibited similar benefits to HCS in terms of memorizing items that were more
likely to be tested compared to the less likely ones [44], which seemed to be consistent with
our findings. However, their study was not originally designed to investigate the influence
of expectation on memory and could not differentiate the effects of expectation and atten-
tion. In our study, the improvement in identity reporting accuracy is solely attributed to
expectation updating. This is because the participants were required to fully attend to the
identity of the target in both the surprise and control trials in order to locate it, with the
only difference being whether they expected to report the identity information [45].

There are also some implications for the function of discarding outdated information
in schizophrenia. Attribute amnesia is proposed to be elicited by the active removal of
attended but outdated information (i.e., information that individuals fully attended to but
expect not to report in the near future) [46]. An attribute amnesia task typically requires
participants to locate a target stimulus by its identity (e.g., numbers larger than five) without
reporting the identity information [27]. In this context, individuals must first identify the
identity of the target to locate it. After successfully locating the target, they actively discard
the identity information because they expect it to be unnecessary for the subsequent
location reporting task [46]. Our study found that PSZ also exhibited the attribute amnesia
phenomenon, so it seemed that they may not necessarily have deficits in filtering irrelevant
information [47]. Alternatively, research has shown that PSZ tend to focus more intensely
on a subset of information (i.e., hyperfocusing), which leads to greater filtering of irrelevant
information (i.e., hyperfiltering) [48]. Therefore, PSZ may actually struggle with actively
filtering outdated information (i.e., the identity) [49], but they simultaneously displayed
hyperfocusing on relevant information (i.e., the location) and the hyperfiltering of irrelevant
information [48] in the current task. In other words, the observed low accuracy in the
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identity report in the surprise trial was due to the hyperfiltering of identity rather than
active inhibition/filtering.

In the subsequent correlation analyses, only one significant positive correlation be-
tween the positive symptom scale and identity report accuracy was identified in the first
control trial, suggesting that more severe positive symptoms were associated with stronger
instant expectation updating. According to the predictive coding account of psychosis [6],
this population has been characterized by reduced precision of prior beliefs and increased
precision of the upcoming sensory data, and their perceptual inference abnormally relies
more on prediction errors. This was reflected by the higher accuracy of the identity report
(i.e., prediction error) and the lower accuracy of the location report (i.e., prior belief) in
the first control trial among the PSZ in general compared to the surprise trial. It is then
reasonable to infer that such a tendency for the improved identity report was more promi-
nent among more typical PSZ with stronger positive symptoms, such as hallucinations and
delusions. In fact, the correlation identified here corroborates previous research results [16],
but more future research is needed to continue examining the correlations between clinical
measures and prediction updating performance.

One limitation of our study is that all PSZ are medicated and chronic patients. It
is therefore unknown whether the current findings can be generalized to first-episode
patients who are not medicated [50]. Furthermore, our research reported an intact ability in
expectation updating among PSZ; more research is warranted for a better understanding
of the mechanism underlying expectation updating in this population.

5. Conclusions

Through a straightforward and brief task, the current study demonstrates that PSZ
are able to update their expectations as flexibly and instantly as HCS, suggesting that their
ability to update expectations is relatively intact.
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