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Comparing the Utility of Scoring Methods for the Hinting Task in A Heterogeneous Clinical
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Rory MacAndrew McKemey
Abstract

The Hinting Task is a popular theory of mind measure that has been criticized due to poor
psychometric properties. A revised set of scoring criteria has reduced ceilings effects and improved
convergent validity of Hinting Task scores in individuals with psychotic-spectrum disorders and
matched non-clinical controls. In the current study, we are the first to compare the psychometric
properties of the original and revised criteria in a heterogenous clinical sample not characterized
by psychotic-spectrum disorders. Given the stringent nature of the revised criteria, we also test the
novel hypothesis that participant verbosity may explain differences in performance across scoring
criteria. Participants were 173 patients (65% female; 80% non-Hispanic White; M age =34.4, SD =
12.9) in a partial hospitalization program. Participants completed the Hinting Task, Reading the
Mind in the Eyes Test, Patient Health Questionnaire-9, Prodromal Questionnaire-Brief, and
Behavior And Symptom Identification Scale on their first or second day of treatment. Hinting Task
performance was scored by independent raters using both criteria. Results demonstrated that
revised criteria scores had significantly lower ceiling effects compared to original criteria scores.
Convergent validity of Hinting Task performance was partially supported and did not differ
between scoring criteria. Revised, but not original scores were impacted by verbosity, such that
less verbose participants demonstrated worse performance. In summary, our results suggest that
the revised criteria improve one psychometric aspect of the task while simultaneously introducing
verbosity as a confounding variable. We recommend controlling for verbosity when implementing

the revised criteria in future research.
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General Audience Abstract
Theory of mind is the ability to attribute mental states such as thoughts, feelings, and desires to
oneself and others. This skill is important for navigating social situations, and research shows that
theory of mind is generally impaired across a variety of mental illnesses. The Hinting Task is a
widely used measure of theory of mind. One issue with the Hinting Task is that your average
person has a good chance to score perfectly on the task, meaning it may not be good at
distinguishing between certain high-scoring individuals. Revised scoring criteria have been
previously developed and recommended, which were shown to remove these “ceiling effects” by
providing more stringent rules for what is considered a correct response to questions on the task.
The primary aim of this study is to compare the original and revised scoring criteria to see which
version makes the Hinting Task better at measuring theory of mind in a sample of individuals with
various mental illnesses. We also test the novel hypothesis that participant verbosity may explain
differences in scores across criteria. Participants were patients receiving mental health treatment
in a partial hospital program. Results showed that fewer participants received perfect scores with
the revised vs original criteria. Scoring criteria did not affect the Hinting Task’s association with
relevant variables. Revised, but not original scores were impacted by verbosity, such that less
verbose participants demonstrated worse performance. In summary, our results suggest that the
revised criteria remove ceiling effects but also make the Hinting Task measure verbosity in
addition to theory of mind. We recommend accounting for verbosity when implementing the

revised criteria in future research.
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Introduction
It is a widely held view among researchers that social relationships are integral to
facilitate human health and fulfillment (e.g., Badcock et al., 2017; Cacioppo et al., 2015). The
collection of cognitive processes required to successfully navigate interpersonal interactions is
often referred to as social cognition (Frith & Frith, 2008; Green & Leitman, 2008). One
fundamental aspect of social cognition—theory of mind—is the ability to accurately ascribe
mental states (e.g., thoughts, emotions, intentions, beliefs) to oneself and others. Theory of mind
itself may be a multi-faceted construct given that it involves inference of several different mental
states (e.g., emotions, beliefs, intentions; Dvash & Shamay-Tsoory, 2014). Inaccurate inference
of a variety of mental states is robustly associated with poor social functioning and quality of life
(Couture et al., 2006; Dodell-Feder et al., 2014; Thibaudeau et al., 2021; Trojsi et al., 2016).
Theory of mind is a construct of concern not only in the context of social outcomes but

also as a risk factor for psychopathology. Emerging research suggests that theory of mind may be
an underlying mechanism across all forms of psychopathology (Gur & Gur, 2016), given that it
has been found to be impaired nearly ubiquitously across a wide span of psychiatric diagnoses
(Cotter et al., 2018). Mentalization-based treatment, an evidence-based treatment for borderline
personality disorder, specifically aims to improve theory of mind cognitions and has seen success
in treating patients with a wide variety of psychiatric disorders (Bateman & Fonagy, 2013). In
summary, individual differences in theory of mind has implications in understanding and treating

various psychopathologies.



The Hinting Task was developed in 1995 by Corcoran, Mercer, and Frith to measure
theory of mind in people with schizophrenia. Since its inception, it has been widely adopted as a
theory of mind measure across many psychiatric populations and non-clinical samples. To
administer this task, the experimenter reads aloud a series of ten short stories involving an
interaction between two characters. At the end of each story, participants are asked what a
character really meant when they gave a piece of dialogue (referred to as a “hint”). Participants
are scored on their ability to infer the intended meaning of the character’s hint. A score of 2 is
given if they successfully do so. If they do not correctly infer the intentions of the character,
participants are given a second, less subtle “hint” that indicates the speaker’s desires. Participants
are then asked what one character in the story wants the other character to do. At this point, a
correct response is given a score of 1 and an incorrect response is given a score of 0. A
participant’s performance on the task is calculated by summing scores for each item. Scores
range between 0-20, where a higher score indicates greater theory of mind ability. The Hinting
Task has been used in a multitude of studies, with the original paper being cited over 1,900 times
(Google Scholar).

The Hinting Task has shown good construct validity as a measure of theory of mind in
both clinical and non-clinical populations. It has demonstrated clinical utility in its ability to
differentiate various clinical populations known to have theory of mind deficits from those
without psychopathology, such as autism spectrum disorder (Morrison et al., 2019; Dagdelen,
2020; Saban-Bezalel 2019), bipolar disorder (Bora et al., 2005; Samamé¢ et al., 2015), pediatric
bipolar disorder (Schenkel et al., 2008), attention-deficit/hyperactivity disorder (Dagdelen,
2020), schizophrenia (Bora et al., 2009; Pinkham et al., 2016; Braak et al., 2022; Akiyama et al.,

2024), first-episode psychosis (Mallawaarachchi et al., 2019), and antisocial personality disorder



(Tasios et al., 2024). Higher scores on the Hinting Task are also significantly associated with
better performance with other aspects of theory of mind such as basic facial emotion recognition
(Pictures of Facial Affect Task; » = .44; Froyhaug et al., 2019), complex mental state attribution
(Reading the Mind in the Eyes Task; » = .47; Tasios et al., 2024), recognition of faux pas (Faux
Pas Recognition Test; » =.58), and self-reported ability to recognize and identify with the
thoughts and feelings of others (Empathy Quotient; » = .48; Tasios et al., 2024). The Hinting
Task also significantly correlates with functional outcomes like functional capacity (UCSD
Performance-Based Skills Assessment; » = .40) and interpersonal functioning (Social Skills
Performance Assessment; » = .44; Pinkham et al., 2018), as well as schizophrenia symptom
severity as measured by the Positive and Negative Syndrome Scale (» = .50; Tasios et al., 2024).
Taken together, the Hinting Task has demonstrated good convergent validity, suggesting that task
performance adequately captures individual differences in theory of mind.

Despite demonstrating construct validity, the reliability of Hinting Task scores has been
questioned. Evidence of acceptable reliability is summarized in a recent meta-analysis, which
found that the task’s internal consistency is satisfactory in populations with schizophrenia and
autism spectrum disorder (oo = .71 and .77, respectively) but poor in non-clinical populations (o =
.55; Tsui et al., 2024a). Meta-analytic evidence also suggests that the task has poor test-retest
reliability in both samples with schizophrenia of (» = .65) and non-clinical samples (» = .53; Tsui
et al., 2024a). Another factor limiting confidence in the reliability of Hinting Task scores is the
presence of ceiling effects. At initial testing, 8% of patients with schizophrenia, 20.3% of
matched controls without a psychiatric diagnosis, and 21.9% of an undergraduate sample scored
at ceiling (Klein et al., 2020, 2024). Taken together, the Hinting Task generally displays

inadequate reliability and problematic ceiling effects, particularly in non-clinical samples.



The suboptimal psychometrics of Hinting Task performance has led researchers to
implement a more stringent and standardized scoring criteria (See Figure 1; Klein et al., 2020;
Pinkham et al., 2018). Whereas the original scoring criteria allowed for a wide range of
responses to receive full points, these revised criteria required certain words or subjects to be
mentioned to merit a perfect score on an item. A response must not only describe what the
speaker wants, but also explicitly state that the speaker would like the other character in the story
to fulfill the desire. A second, more minor change to the scoring criteria is that raters are
permitted to assign a score of 1 point after the first hint without issuing a second hint if the initial
response lies between the criteria of a 0 and 2. These changes were specifically designed to
mitigate ceiling effects and minimize scoring ambiguity, thereby enhancing the psychometric
properties of the task (Klein et al., 2020).

Employing their revised scoring criteria, the authors reported that internal consistency did
not meet conventional thresholds for acceptability (a = .70) in either the patient (o = .68) or
control group (o = .64); however, ceiling effects were substantially reduced. The only notable
ceiling effect was in the control sample at the second administration of the Hinting Task, where
8% of respondents received a perfect score. The authors attributed this significant reduction in
ceiling effects compared to the findings of previous literature to the more stringent nature of the
revised scoring criteria. The authors concluded that overall, the Hinting Task with the revised
scoring criteria demonstrated acceptable properties and they recommended it for use in clinical
trials (Pinkham et al., 2018).

Only a single study to date has directly compared the original and revised Hinting Task

scoring criteria (Klein et al., 2020).' The study included patients with schizophrenia, patients

! The sample for this study largely overlaps with the sample used in the study that introduced the modified scoring
criteria (Pinkham et al., 2018).



with early psychosis, and matched control samples without any psychiatric diagnoses. The
revised scoring criteria resulted in significantly lower ceiling effects relative to the original
scoring criteria across all groups (<11% vs <31%, respectively). Further, the revised criteria
differentiated the schizophrenia group from the control group just as well as the original scoring
criteria (d = 0.77 vs 0.79) and better differentiated the early psychosis group from the control
sample (d = 0.81 vs 0.59). The revised criteria also resulted in significantly stronger correlations
between the Hinting Task and expected outcome measures such as functional capacity as
compared to the original in the schizophrenia group (s = .38 vs .28). Nevertheless, not all
psychometric properties were improved with the revised scoring criteria. Internal consistency
was suboptimal across all groups and did not significantly change across scoring methods (as <
.69). Overall, the authors concluded that the revised scoring method provides unique
psychometric benefits with limited drawbacks as compared to the original scoring system, and
thus they strongly recommended a wider adoption of these criteria when administering the
Hinting Task (Klein et al., 2020).

To date, few published research articles have reported data from the Hinting Task using
the revised criteria without significant additional modifications (e.g., translations, reducing
items). Of these studies, all have been in non-psychiatric or psychosis-related samples. Hinting
Task scores derived using the revised criteria continue to successfully differentiate psychotic or
psychosis-prone groups from those without psychopathology and correlate with psychosis
proneness (Wastler & Lenzenweger, 2019; Tsui et al., 2024b). Internal consistency estimates
were found to be acceptable in patients with psychosis (as > .78) but suboptimal in healthy

controls (o = .66; Tsui et al., 2024b).



Despite the use of the revised criteria in the abovementioned literature, two aspects of
this scoring method have not yet been evaluated. First, the revised scoring method has not been
used or validated in clinical populations outside of those with schizophrenia spectrum disorders.
Given that theory of mind deficits are implicated across nearly all forms of mental illness (see
Cotter et al., 2018), research is needed to determine whether the revised criteria improve the
psychometric properties of Hinting Task performance relative to the original scoring criteria in
other clinical populations. In the current study, we examine the ceiling effects and convergent
validity of Hinting Task performance. Consistent with prior literature, we focused on convergent
validity with psychotic symptoms, performance on another measure of theory of mind, and
interpersonal functioning. In addition, we also assessed convergent validity with depressive
symptoms, given that depressive symptoms are implicated across nearly all forms of
psychopathology (Guineau et al., 2023; Soda et al., 2024) and have been robustly linked to
theory of mind impairments (Bora et al., 2016; Nestor et al., 2022). Knowledge regarding the
transdiagnostic comparative reliability and validity of the Hinting Task scoring criteria will allow
researchers to make informed decisions on which scoring method will have the strongest
psychometric properties when using the task in clinically heterogenous samples.

Second, research to date has not examined why the revised Hinting Task scoring criteria
results in worse performance relative to the original scoring criteria. The assumption underlying
the use of the revised criteria is that the resulting scores demonstrate greater construct validity
with theory of mind compared to the original (Klein et al., 2020). However, an alternative
explanation is that the revised scoring criteria introduce verbosity as a confound variable. The
revised criteria punish responses lacking specific words or subjects which are generally not

necessary to indicate theory of mind. While a less verbose participant might fully understand the



speaker’s intention, they may not explicitly acknowledge all aspects of it in their response (e.g.,
that the intention belongs to the speaker and it is directed at the other character), causing the
revised criteria to assign them a lower score compared to the original criteria. As such, individual
differences in scores may not be due not to a difference in accuracy of theory of mind per say,
but rather due to the amount of speech produced by the participant in their response.

Diminished speech output, or “alogia,” is one of the negative symptoms present in
schizophrenia spectrum and other psychotic disorders (DSM-5). In psychotic samples, scores
resulting from the revised criteria may be uniquely related to functional outcomes because these
scores are measuring not only theory of mind, but also alogia, a symptom of schizophrenia.
Though the introduction of this confound variable may not have affected the perceived validity
of the revised criteria in previous studies focused on populations with schizophrenia spectrum
disorders, it may reduce the construct validity of Hinting Task scores as a measure of theory of
mind. To summarize, the revised criteria, which penalizes brevity, may not reduce the ability of
the Hinting Task to discriminate between psychotic participants (who often experience alogia)
and non-clinical individuals, but could potentially reduce the validity of the task as a theory of
mind measure in clinical populations not characterized by alogia. In the current study, we test the
novel hypothesis that participant verbosity may explain differences in scores across scoring
criteria.

The overarching goal of the current study was to compare the utility of the original and
revised scoring methods for Hinting Task scores as a measure of theory of mind in a
heterogenous clinical sample. The first research aim was to compare the psychometric properties
of the original Hinting Task scoring criteria to the revised scoring criteria in a diagnostically

diverse sample with severe and complex psychopathology. Consistent with Klein and colleague’s



findings in psychotic samples (2020), we hypothesized that participant scores would be
significantly lower when applying the revised criteria compared to the original criteria. Further,
we hypothesized that revised criteria would result in lower ceiling effects relative to the original
scoring method. Finally, we hypothesized that, across both scoring methods, worse performance
on the Hinting Task would be significantly associated with worse performance on another theory
of mind task, more psychotic symptoms, more severe depressive symptoms, and worse
interpersonal functioning. However, we hypothesized that Hinting Task performance would
interact with scoring method to predict psychotic symptoms, such that lower Hinting Task
performance would have a stronger association with more severe psychotic symptoms using the
revised scoring criteria compared to the original criteria.

Our second aim was to determine whether verbosity helps to explain the differences in
Hinting Task scores between scoring criteria. First, we hypothesized that higher word count
would be associated with better Hinting Task performance while controlling for scoring method.
We also hypothesized that the effect of scoring method on Hinting Task performance would
depend on word count, such that the differences in performance across scoring criteria would be
greater for participants with lower word count relative to those with higher word count.

Method
Transparency and Openness

We report how we determined our sample size, all data exclusions, and all measures in
the study, and we follow Journal Article Reporting Standards (Kazak, 2018). This study’s
hypotheses and analyses were pre-registered. This preregistration as well as all deidentified data,
syntax, and results from this study are available on the OSF website for this project:

https://osf.i0/24jgv/.



https://osf.io/24jgv/

Participants

Participants were patients seeking psychiatric treatment at McLean Hospital’s Behavioral
Health Partial (BHP) Program in the Northeastern United States. Inclusion criteria were as
follows: (1) 18 years or older (2) English-speaking (3) assigned to a therapist taking part in the
study. This data is being collected as part of a larger study on the effects of cognitive-behavioral
therapy on theory of mind (Hudson et al., 2024). Our sample consisted of 173 participants,
ranging in age from 19 to 74 years (M = 34.4, SD = 12.9). There were 113 females and 60 males.
The majority of participants identified as Non-Hispanic White (80%), followed by Asian (7%),
Hispanic White (5%), Multiracial (4%), and Black (3%). One participant indicated that they did
not know their race. Participants were generally highly educated, with 38% having received post-
college education, 28% holding a 4-year college degree, and 28% having completed some
college. A structured clinical interview was not administered, though patient medical records
were used to characterize the sample (See Table 1).? A priori power analyses suggested that a
sample size of 160 participants was required to detect our estimated effect sizes with 80%
power.’ As such, we were well-powered to test our hypotheses.
Measures
Theory of Mind

Hinting Task. Participants are read aloud 10 short vignettes describing an interaction
between two characters. Each passage ends with one of the characters dropping a “hint.”
Participants are asked to state what that character really means. Correct responses are awarded 2
points, with a maximum total score of 20 possible points. Incorrect responses prompt the

experimenter to read the second hint, after which participants are asked to state what one

2 Three participants had received psychotic-spectrum diagnoses. Removing these data points did not change the
pattern of results for all analyses.
* See Table 2 for details on power analysis results



character wants the other character to do. A correct response after the second hint provides 1
point and an incorrect response provides no points. The Hinting Task has demonstrated
convergent validity as a theory of mind task, though internal consistency estimates have
previously been reported below acceptable threshold (Klein et al., 2020; Pinkham et al., 2018).
In the current study, internal consistency (o)) was .52 for the original scoring criteria and .56 for
the revised scoring criteria.

Reading the Mind in the Eyes Test. To assess convergent validity, the Reading the Mind
in the Eyes Task (RMET; Baron-Cohen et al., 2001) was used to measure the emotion
recognition component theory of mind. Participants viewed 36 photographs of faces with only
the eye regions visible. Participants were instructed to select which of four complex mental states
best matched each photo. Scores were calculated as the percentage of items answered correctly,
with higher scores indicating greater theory of mind ability. The RMET has shown acceptable
internal consistency and test-retest reliability and demonstrates convergent validity with other
measures of theory of mind (Fossati et al., 2017; Murphy & Hall, 2024). In the current sample,
internal consistency (o) was .59.

Psychiatric Symptom Severity

Psychotic symptoms. Severity of psychotic symptoms was measured by the Prodromal
Questionnaire-Brief (PQ-B; Loewy et al., 2011). This 21-item questionnaire assesses positive
symptoms associated with schizophrenia disorders and is used to screen for prodromal psychosis.
It has been shown to demonstrate strong internal consistency and concurrent validity with
interview-based measures of prodromal syndromes (Loewy et al., 2011). In the current sample,

internal consistency was good (o = .87).



Depressive symptoms. Depressive symptom severity was measured with the Patient
Health Questionnaire (PHQ-9; Kroenke et al., 2001). The PHQ-9 is a 9-item self-report
questionnaire that assesses multiple aspects of depression symptomatology including anhedonia,
sleep disturbance, change in appetite, and suicidality. It has demonstrated good internal
consistency and strong convergent validity when used in a partial hospital setting (Beard et al.,
2016). In the current sample, internal consistency was good (o = .84).
Interpersonal Functioning

Interpersonal functioning was assessed by the Behavior and Symptom Identification
Scale—Relationships subscale (BASIS-24; Eisen et al., 2004). This subscale is composed of 5
items that assess the quality of relationships, success in social situations, feelings of closeness to
others, confidence, and support as reported by the participant in the past week. Items were rated
on a 5-point Likert scale, with higher numbers indicating poorer interpersonal functioning. The
BASIS-24 has demonstrated good internal consistency, sensitivity, and concurrent validity with
other measures of functioning across multiple racial/ethnic groups (Eisen et al., 2004, 2006). In
the current sample, internal consistency was acceptable (o =.76).
Procedures

At admission to the program (day 1 or 2), participants completed measures of theory of
mind, psychotic symptom severity, depression symptom severity, and interpersonal functioning.
These measures were completed on participants’ own devices, with the exception of the RMET
which was administered in-person on a hospital computer using the software E-Prime
(Psychology Software Tools, 2023) and the Hinting Task, which was conducted verbally with an

experimenter.



Hinting Task data was scored at the time of administration using the revised scoring
criteria. Task administrations were audio recorded. To obtain scores using the original scoring
methods, each interview was reviewed by two independent raters who were blind to the results of
the initial scoring. The raters were also blind to the criteria of the revised scoring method due to
the bias that this could introduce to their ratings using the original criteria.

Verbosity was assessed by counting the number of words a participant uttered in their
responses during the administration of the Hinting Task. We first transcribed recordings of
participants’ speech during the Hinting Task using OpenAl’s Whisper software (OpenAl, 2022).
We then removed all utterances made by the experimenter. Because the number of prompts that
participants received was variable depending on the accuracy of their initial responses, we also
removed participant responses to secondary hints such that only responses to the first hint were
counted towards the verbosity measure. In addition, only task-relevant responses were counted
towards the verbosity measure—clarifying questions and non-task-related comments were
excluded.

Statistical Analysis

All statistical analyses were performed using R Statistical Software (v4.5.1; R Core Team
2025) using the tidyverse (Wickham et al., 2019), irr (Gamer & Lemon, 2019), bestNormalize
(Peterson, 2021), ggeffects (Liiddecke 2018), /me4 (Bates et al., 2015), ImerTest (Kuznetsova,
Brockhoft, & Christensen, 2017), effectsize (Ben-Shachar et al., 2020), parameters (Liidecke et
al., 2020), and interactions packages (Long, 2024). To compare mean score differences across
the original and revised scoring criteria, we conducted a paired t-test. To compare ceiling effects,
we performed a McNemar’s test to determine if one set of criteria had significantly more

participants obtaining perfect scores than the other. To assess the convergent validity of Hinting



Task scores, we conducted a series of multiple linear regression models with Hinting Task
performance as the predictor and RMET scores, psychotic symptoms, depression severity, and
interpersonal functioning as outcome variables. These regressions were conducted separately for
each scoring criteria. Age, sex, and ethnicity were included as covariates. We accounted for
multiple comparisons by employing the false discovery rate procedure (Benjamini & Hochberg,
1995).

To investigate whether the Hinting Task’s association with psychotic symptom severity
differed in strength depending on scoring criteria, we conducted a linear regression with Hinting
Task performance, scoring criteria, and their interaction term as predictors and psychotic
symptom severity as the outcome variable. In addition, we deviated from our preregistration to
conduct additional post hoc regression analyses examining the interaction between Hinting Task
performance and scoring criteria predicting RMET performance, depression severity, and
interpersonal functioning to determine whether the convergent validity of Hinting Task
performance varied as a function of scoring criteria. Age, sex, and ethnicity were again included
as covariates and multiple comparisons were accounted for by employing the false discovery rate
procedure.

To assess the role of verbosity in Hinting Task performance, we first performed a
multilevel regression with scoring method and word count as the predictor variables and Hinting
Task performance as the outcome variable. Next, we added the interaction between scoring
criteria and word count in the model to determine whether the impact of scoring criteria on

performance varies as a function of participant verbosity. Multilevel models were selected to



account for between-person differences due to the nested nature of Hinting Task scores within
participants.* Age, sex, and ethnicity were again included as covariates.

Results
Preliminary Analyses

Bivariate correlations are presented in Table 3. The means, standard deviations, and
associations of primary study variables with demographic variables are depicted in Table 4.
Demographic variables that were included as covariates in analyses showed no significant
associations with any outcome variables, with the exception of females reporting higher
depressive symptoms on the PHQ-9 than males.

To assess inter-rater reliability, the intraclass correlation coefficient (ICC) was calculated
for Hinting Task scores using both scoring criteria. The ICC was good (ICC [1,3] = .82) using
the original criteria and excellent (ICC [1,2] = .93) using the revised criteria.

Aim 1: Comparison of Psychometric Properties Across Scoring Criteria

We first investigated the mean Hinting Task scores resulting from both the original and
revised scoring criteria. Consistent with our hypothesis, Hinting Task scores were significantly
lower when applying the revised scoring criteria as compared to the original scoring criteria,
reflecting a large effect size (d = 0.80, 95% CI [0.62, 0.98]; Original: M = 16.85, SD = 2.43;
Revised: M =15.36, SD =2.23; p <.001). See Figure 2 for a visual comparison of these mean
values. Also consistent with our hypotheses, ceiling effects (i.e., the proportion of participants
with a perfect score) were significantly lower for Hinting Task scores obtained using the revised
criteria as compared to the original criteria (1.22% vs 12.80%, respectively; (1) = 15.43, p <

.001).

4 Although our preregistration stated that we would model random intercepts and random slopes, we deviated from
this plan and only modeled random intercepts due to model convergence issues. Random slopes cannot be
meaningfully estimated with only two within-person observations.



We assessed whether scoring criteria affected the convergent validity of Hinting Task
performance with inference of complex mental states from images of eyes (i.e., another measure
of theory of mind; RMET), psychiatric symptom severity (i.e., psychotic symptoms [PQ-B] and
depressive symptoms [PHQ-9]), and interpersonal functioning (i.e., BASIS-24 Relationships
subscale). The interaction between Hinting Task performance and scoring criteria was not
significant across each of these analyses (see Table 5 for effect sizes), suggesting that the
convergent validity of Hinting Task performance did not vary as a function of scoring criteria.
This finding is inconsistent with our hypothesis that Hinting Task performance derived from the
revised criteria would be a significantly stronger predictor of psychotic symptoms than scores
derived using the original criteria.

Consistent with our hypotheses, Hinting Task performance demonstrated convergent
validity with the RMET for both the original and revised scoring criteria (see Table 5). Partially
consistent with our hypotheses, Hinting Task performance using the original criteria (but not
revised criteria) was significantly associated with psychotic symptoms (5 = -.18, 95% CI [-.33,
-.02] p=.03; p=-.12,95% CI [-.28, .03], p = .12, respectively); however, these effects were not
statistically different, and the effect was no longer significant when correcting for multiple
comparisons (see Table 5). Inconsistent with hypotheses, Hinting Task performance was not
significantly associated with depression severity or interpersonal functioning using either scoring
criteria.

Aim 2: Investigation of the Role of Verbosity in Hinting Task Performance

We first assessed the main effects of scoring criteria and verbosity on Hinting Task

performance. Before outliers were removed, we found that when controlling for scoring criteria,

verbosity was significantly associated with Hinting Task performance (f = .14, 95% CI [.00,



27], p = .045); however, after outliers were removed, this effect was no longer significant (f =
.10, 95% CI [-.04, .23], p = .17). When controlling for verbosity, scoring criteria was
significantly associated with Hinting Task performance (8 = -.55, 95% CI [-.74, -.52], p < .001).
These main effects were qualified by a significant scoring criterion by verbosity interaction.
Consistent with hypotheses, the effect of scoring criteria on Hinting Task performance was
dependent on verbosity (5 = .16, 95% CI [.05, .27], p = .002). Follow-up analyses indicated the
magnitude of the effect of scoring criteria on performance was greater for participants with
below average verbosity (f =-.79, 95% CI [-.94, -.63], p <.001) relative to those with average
(B =-.63,95% CI [-.74, -.52], p < .001) or above average verbosity (f = -.48, 95% CI [-.63, -.32],
p <.001). See Figure 3 for a visualization of the interaction between scoring criteria and
verbosity predicting Hinting Task performance.
Discussion

The present study was the first to evaluate the psychometric properties of the Hinting
Task using the original and revised scoring criteria in a clinically heterogeneous sample.
Consistent with hypotheses, results indicated that the revised scoring criteria resulted in
significantly lower scores and reduced ceiling effects as compared to the original scoring criteria.
Partially consistent with hypotheses, we found that Hinting Task performance, regardless of
scoring criteria, was associated with performance on another measure of theory of mind, but not
psychiatric symptom severity or interpersonal functioning. We also tested the novel hypothesis
that participant verbosity may help to explain differences in task scores between scoring criteria.
Our results supported this hypothesis, indicating that participants who were less verbose tended

to have larger discrepancies in their performance between the different scoring criteria.



Consistent with hypotheses and prior research (Klein et al., 2020), we found that the
revised scoring criteria resulted in significantly lower scores and reduced ceiling effects as
compared to the original scoring criteria. These results suggest that the revised criteria provides a
more stringent bar for what is considered a correct response to items on the Hinting Task.
Whereas the original criteria were loosely defined and provided room for raters to give
participants the benefit of the doubt on a questionable response, the revised criteria provide strict
requirements that must be met to receive full points on a given item. This study is the first to
show that these differences between the scoring criteria extend to clinical populations outside of
psychotic and non-clinical samples. Researchers can expect these lower scores and reduced
ceiling effects from the revised criteria to generalize to a wide range of clinical populations.

Large ceiling effects artificially restrict the variance of a measure, limiting the strength of
its association with theoretically related constructs. Klein et al., 2020 concluded that the revised
scoring criteria provided a more valid estimate of theory of mind ability than the original criteria
in part due to the reduced ceiling effects. While we also observed this difference in ceiling effects
in a diagnostically diverse clinical sample, we found that the revised criteria did not improve the
convergent validity of the Hinting Task compared to the original criteria. Despite removal of a
problematic range-restricting effect, the revised criteria do not covary more with relevant
outcome variables than the original criteria.

One potential explanation for why the revised scoring criteria reduces ceiling effects but
does not improve validity is that it introduces verbosity as a confounding variable. Indeed, our
results suggest that verbosity uniquely predicts participant performance on the Hinting Task
under the revised criteria. The revised criteria disadvantage participants with lower verbosity,

more heavily penalizing those who are more succinct than those who are more verbose. While



this confound reduces ceiling effects, our results suggest that it does not improve the convergent
validity of Hinting Task performance. We predict that future researchers may only expect to see
improved convergent validity in outcomes that are associated with verbosity. In sum, our results
suggest that the use of the revised criteria artificially improves ceiling effects while
contaminating the construct validity of the Hinting Task performance.

This study is the first to evaluate the psychometric properties of the Hinting Task using
the revised scoring criteria in a clinical sample that was not characterized by psychotic disorders.
Klein and colleagues (2020) strongly recommended the use of the revised scoring system after
comparing criteria in schizophrenic, early psychosis, and non-clinical samples, citing improved
psychometric properties. However, the results of this study indicate a less clear-cut comparison
of the scoring criteria when measuring theory of mind in clinical samples not characterized by
psychosis. The revised criteria continues to be an effective remedy to the problematic ceiling
effects that often accompany Hinting Task scores using the original criteria; however, it does so
at the expense of construct validity. More specifically, the revised scoring method introduces
construct contamination through its association with participant verbosity. This association with
verbosity would explain why Klein and colleagues (2020) found that implementation of the
revised criteria better differentiates early psychosis from control participants, given the presence
of negative symptoms such as alogia (reduced speech). If researchers wish to use the Hinting
Task to help differentiate psychotic-spectrum from non-clinical populations, scoring responses
using the revised criteria may provide more utility, as it is measuring two constructs implicated
in psychosis (theory of mind ability and verbosity). However, if researchers wish to use the

Hinting Task as a social cognition or theory of mind measure, implementation of the revised



criteria should be done cautiously. Verbosity should be included as a covariate in analyses when
the other variables of interest may be associated with the construct.

Inconsistent with past research, we did not find a significant association between Hinting
Task performance and psychiatric (i.e., psychotic and depressive) symptoms or interpersonal
functioning. These findings may be due to the characteristics of our sample and measures. For
example, our sample was not characterized by psychotic disorders. As such, the vast majority of
any psychotic symptoms that were reported may have been a product of other presenting
concerns (e.g., social anxiety can lead to endorsement of low-level paranoia that is more
characteristic of anxiety than psychosis; Freeman et al., 2008). In addition, although evidence
suggests that theory of mind ability is associated with depressive symptoms (Bora et al., 2016;
Nestor et al., 2022), these findings often result from samples with a wide range of depressive
symptoms. Given that our sample focused on a severe clinical population in which most
participants endorsed significant depressive symptoms, our restricted range may have precluded
us from detecting these effects. Finally, we assessed interpersonal functioning with a self-report
questionnaire that asked about relationship satisfaction, rather than a performance-based
assessment that rates competency of social skills often used in prior research (Klein et al., 2020;
Pinkham et al., 2016); this discrepancy may explain its lack of association with the Hinting Task
in the current study.

This study had a number of important strengths that bolster confidence in our
conclusions. First, the study was pre-registered and adequately powered to detect the
hypothesized effects. Additionally, the other theory of mind measure we implemented (RMET) is
a task-based measure, limiting potential bias that often arises from self-reported theory of mind

assessment (Murphy & Lilienfeld, 2019). Blinding procedures were enacted such that raters of



each scoring criteria were independent and not privy to the scores obtained using the alternative
criteria or any other participant data. Finally, participants were recruited from a treatment setting,
ensuring that the sample was clinically representative with a wide range of presenting concerns
and comorbidities, increasing the generalizability of our findings.

In addition to these strengths, the results must be considered in light of the following
limitations. While the theory of mind measures were performance-based, many of the other
outcome measures (i.e., symptom severity, interpersonal functioning) were obtained through self-
report questionnaires that introduce potential bias due to demand characteristics or limited
insight. Additionally, the sample was relatively racially homogeneous, limiting the ability to
generalize results to non-White individuals. Finally, both of our theory of mind measures
demonstrated poor internal consistency. This finding suggests that these measures may not
provide sufficiently reliable estimates of individual differences in theory of mind ability. Low
internal consistency is common for performance-based tasks with relatively few items (Revelle,
2024) and may improve if these tasks included additional items. Regardless, the limited
reliability of Hinting Task scores across both scoring approaches may have attenuated their
associations with related constructs, underscoring the need for more robust and well-validated
measures of theory of mind in future research.

The current study demonstrated that within a heterogeneous clinical sample, the revised
scoring criteria for the Hinting Task resulted in lower scores and reduced ceiling effects relative
to the original criteria. These benefits come at a cost: The revised criteria also introduced
participant verbosity as a confound without improving convergent validity over the original
criteria. Although past research suggests that the implementation of the revised criteria may

provide additional utility in predicting functional capacity and differentiating psychotic-spectrum



populations from those without psychotic disorders (Klein et al., 2020), our research suggests
that it largely does not demonstrate superior psychometric properties in a non-psychotic clinical
sample and contaminates construct validity through its association with participant verbosity. As
such, we recommend that researchers who implement the revised criteria include verbosity as a
covariate to preserve construct validity when it is associated with the other variables of interest.
Importantly, concerns about the psychometric validity of theory of mind measurement extend
beyond the Hinting Task (Quesque & Rossetti, 2020; Yeung et al., 2024), and the field is in need
of more valid and reliable theory of mind assessment tools. Given the purported centrality of
theory of mind as a mechanism underlying psychopathology and interpersonal functioning
(Cotter et al., 2018; Gur & Gur, 2016), accurate assessment is crucial for advancing theoretical

models and informing clinical care.
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Table 1

Clinical Characterization of the Sample from Chart Diagnoses

Diagnostic Category and Specific Diagnoses n %
Neurodevelopmental Disorders 30 17%
Attention-deficit/hyperactivity disorder 30 17%
Autism spectrum disorder 1 1%
Schizophrenia Spectrum and Other Psychotic Disorders 3 2%
Bipolar and Related Disorders 32 18%
Bipolar I disorder 16 9%
Bipolar II disorder 16 9%
Depressive Disorders 130 75%
Major depressive disorder 130 75%
Persistent depressive disorder 3 2%
Anxiety Disorders 60 35%
Generalized anxiety disorder 54 31%
Panic disorder 6 3%
Agoraphobia 4 2%
Social anxiety disorder 3 2%
Other specified anxiety 1 <1%
Obsessive-Compulsive and Related Disorders 9 5%
Trauma- and Stressor-Related Disorders 35 20%
Posttraumatic stress disorder 34 20%
Adjustment disorder 1 <1%
Somatic Symptom and Related Disorders 1 <1%
Feeding and Eating Disorders 12 7%
Anorexia nervosa 3 2%
Bulimia nervosa 2 1%
Binge eating disorder 1 <1%
Other specified eating disorder 6 3%
Substance-Related and Addictive Disorders 11 6%
Personality Disorders 8 5%

Note: Diagnoses were based on a chart review and do not necessarily reflect patients’ current diagnoses at the time
of treatment. Percentages add up to over 100% due to comorbidity.



Table 2

Power Analyses
Statistical Estimated Required Sample Size (n)
Analysis Effect Sizes
Aim 1
Paired t-test d=0.62 66
Odds ratio = 24 67

McNemar’s test
Prop discordant pairs = .08

Multiple linear regression: Interaction between £ =.10 81
HT performance and scoring criteria on outcome
variables

15 128

Multiple linear regression: Association between Ve
HT performance and outcome measures for each

scoring criteria

Aim 2

Multiple linear regression with random £ =.20 160
intercepts: Main effect of verbosity on HT

performance

Multiple linear regression with random £ =.20 145
intercepts: Interaction between verbosity and

scoring criteria on HT performance

Note. HT = Hinting Task. All calculations are for power = 0.80



Table 3

Bivariate Correlations Between Measures

Original Revised Verbosity RMET PO-B PHQ-9  BASIS-24

HT HT -R

Revised HT J]3HEE

Verbosity .06 23
RMET 25% 22 -.01
PQ-B -.25% -18 .05 -.26%
PHQ-9 -.08 -.04 -.09 .04 35k
BASIS-24-R -.07 -.03 -.07 -.18 ALHEE ALHEE
Age .00 -.02 -.14 -.10 -.10 -.19 -.02

Note: HT = Hinting Task; RMET = Reading the Mind in the Eyes Test (% correct); PQ-B = Prodromal

Questionnaire-Brief; PHQ-9 = Patient Health Questionnaire-9; BASIS-24-R = Behavior and Symptom Identification
Scale, Relationships Subscale (Average item response). *p < .05 **p < .01 ***p < .001



Table 4

Descriptive Statistics and Demographic Associations for Primary Measures

Variable Age Ethnicity Sex
M (SD) r p F(171 n> p  Female: Male: #172 d D

) M (SD) M (SD) )
Original HT 16.85(22.43) .00 .93 1.21 .01 .64 16.75 16.71 0.00 0.00 >.99
Revised HT 1536 (2.23) .02 .93 0.66 .00 .72 1519 15.28 -0.08 -0.01 >.99
Verbosity 166.6 (93.61) -.13 .26 0.42 .00 .72 17041 190.79  -0.84 -0.15 .94
RMET 69.92 (10.94) -.09 .33 2.97 .02 .61 71.03 67.29 205 034 .15
PQ-B 19.33 (4.09) -.08 .33 1.41 .01 .64 5.08 5.05 033 005 >.99
PHQ-9 15.15(6.10) -19 .08 0.00 .00 .99  16.08 13.03 3.04 0.1 .02
BASIS-24-R 1.42 (0.81) 02 93 0.12 .00 .86 1.44 1.44 -0.10  -0.02 >.99

Note: HT = Hinting Task; RMET = Reading the Mind in the Eyes Test (% correct); PQ-B = Prodromal

Questionnaire-Brief; PHQ-9 = Patient Health Questionnaire-9; BASIS-24-R = Behavior and Symptom Identification

Scale, Relationships Subscale (Average item response). p-values adjusted for multiple comparisons using false

discovery rate procedure.



Table 5

Interaction and Simple Main Effects of Hinting Task Performance and Scoring Criteria on

Outcome Measures

Interaction: Simple Main Effect: Simple Main Effect:

Scoring Criteria by Performance  Original Criteria HT Scores ~ Revised Criteria HT Scores

B P B P B P
RMET -.02 83 22 .04 19 049
PQ-B 05 68 -18 07 -12 22
PHQ-9 04 71 -11 22 -.06 53
BASIS-24-R .04 71 -.05 57 -.01 91

Note: RMET = Reading the Mind in the Eyes Test (% correct); PQ-B = Prodromal Questionnaire-Brief; PHQ-9 =
Patient Health Questionnaire-9; BASIS-24-R = Behavior and Symptom Identification Scale, Relationships Subscale
(Average item response). Values determined by 12 separate regressions. p-values are adjusted for multiple

comparisons using false discovery rate procedure. Age, sex, and ethnicity were included as covariates. Bolded

values indicate statistical significance.



Figure 1

Example Hinting Task Item and Revised Scoring Criteria

10. Maria is getting off the train with three heavy suitcases. John is standing behind her. Maria says
to John, “Gosh! These suitcases are a nuisance.”

Question: What does Maria really mean when she says this?

Additional Prompt: Maria goes on to say, “| don’t know if | can manage all three.”
Question: What does Maria want John to do?

10. Required components for a 2-point answer:

«  Subject/verb (She wants...; Can you...?)

« The idea that she wants John/him specifically to do it

« The concept of helping and/or carrying the suitcases/them

Common ; legl_; ICSponscs:

She wants him to help her with the suitcases
“Could you help me out here, please?”

Other Common responses:

Help her; Help carry them = give second hint or if this response is given on second hint,
score 1 point

Take them; Take one of them = give second hint or if any of these responses are given on
second hint, score 0 points




Figure 2

Comparison of Mean Hinting Task Performance Across Scoring Criteria

Comparing Hinting Task Performance Across Scoring Criteria

Hinting Task Score
B

Original Revised
Scoring Criteria

Note: The figure above depicts mean Hinting Task performance for original and revised scoring
criteria. Data points represent individual participants. Horizontal lines indicate mean score. Blue
and red curves represent the distribution of Hinting Task performance when applying the original

and revised criteria, respectively.



Figure 3

The effect of scoring criteria on average Hinting Task scores at different levels of participant

verbosity

Predicted Hinting Task Score

Original

Scoring Criteria

Note. Error bars represent standard errors.

Revised

Verbosity

B Low 1 5D)
. Average
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