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Abstract

This study investigated objective and subjective cognitive effort as a function of task difficulty in schizophrenia, based
on the principles of motivational intensity theory. Thirty individuals with schizophrenia and 30 healthy controls worked
on four levels of a working memory task ranging from easy to extremely difficult. We assessed objective effort as cardio-
vascular activity during task performance and subjective effort via self-report. In addition, we assessed participants’ task
performance, negative symptoms, amotivation, depression, and fatigue. Cardiovascular activity during the task increased
only in the healthy control group, but not in the schizophrenia group, indicating attenuated objective effort in schizophrenia.
However, individuals with schizophrenia reported similar levels of subjective effort as healthy controls. Moreover, we found
a negative association between fatigue and cardiovascular activity only in the schizophrenia group. Our results show a dis-
sociation between objective and subjective effort in schizophrenia, which may explain decreased willingness to mobilize
cognitive resources in individuals with schizophrenia. Moreover, our results highlight the importance of fatigue in effort in

schizophrenia, a variable rarely considered in the current literature.
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Introduction

Recent studies suggest that the role of cognitive deficits in
schizophrenia could have been overestimated and attribut-
able to secondary factors and notably reduced effort (Beck
et al., 2018; Grant et al., 2019; Kreis et al., 2020; Moritz
et al., 2017). The few studies that have investigated cognitive
effort in schizophrenia have consistently found a reduced
willingness to expend cognitive effort. This applies to both
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behavioral measures based on effort-based decision-making
paradigms (Culbreth et al., 2016, 2020; Reddy, Horan, et al.,
2018; Strauss et al., 2016; Wolf et al., 2014) and psycho-
physiological measures, mainly pupillary responses, as an
indicator of objective effort (McGovern et al., 2020; Reddy,
Reavis, et al., 2018). Reduced effort in schizophrenia seems
to be associated with negative symptoms (e.g., Culbreth
et al., 2020; Gold et al., 2013; Granholm et al., 2007, 2016)
including amotivation, even though not all studies find this
association (e.g., Fervaha et al., 2013, 2015; Kreis et al.,
2020).

As stated above, past studies with schizophrenic individu-
als have applied decision-making paradigms in which the
dependent variable was individuals’ willingness to mobilize
resources for obtaining rewards (Culbreth et al., 2018). How-
ever, according to theories based on the energy conserva-
tion principle, such as motivational intensity theory (MIT)
(Brehm & Self, 1989), momentary effort is primarily a func-
tion of subjective task difficulty (i.e., task demand). MIT
posits that effort rises proportionally with subjective task
difficulty up to the point where a task is perceived as too dif-
ficult. Subjective task difficulty results from the integration
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of all available information about task demand, including
objective task difficulty and other information like individu-
als’ current state (e.g., mood). The benefits of success (e.g.,
rewards) only indirectly influence the proportional rela-
tionship between perceived task difficulty and effort—they
determine the maximum effort that is justified. Up to that
limit, resources are mobilized proportionally to subjective
demand. MIT has received ample empirical support regard-
ing objective physiological measures of effort (Gendolla,
et al., 2019; Wright & Kirby, 2001).

Based on Wright’s (1996) integration of MIT with the
active coping approach (Obrist, 1981), a considerable number
of experiments have confirmed the predictions of MIT using
cardiovascular measures reflecting resource mobilization
(Gendolla et al., 2012, 2019, for overviews). This research
is based on the observation that beta-adrenergic sympathetic
nervous system (SNS) impact on the heart is proportional to
task engagement (Obrist, 1981). Pre-ejection period (PEP)—
a cardiac contractile force indicator—is the most direct non-
invasive measure of beta-adrenergic impact. Systolic blood
pressure (SBP)—the maximum arterial pressure following a
heartbeat—is a satisfactory effort indicator because cardiac
contractile force systematically influences systolic pressure
(Levick, 2003). SBP is easier to measure than PEP and will
be the main dependent variable in the present study. In con-
trast, heart rate (HR) and diastolic blood pressure (DBP) are
less systematically influenced by beta-adrenergic SNS impact
(Papillo & Shapiro, 1990) and less reliably reflect effort.

Research in the context of MIT has identified several vari-
ables, like fatigue, that influence perceived difficulty and con-
sequently effort (Gendolla et al., 2012, 2019; Wright, 2014
Wright & Stewart, 2012). Individuals who experience high
levels of fatigue perceive tasks as more difficult and mobi-
lize more effort than individuals who experience low levels
of fatigue when tasks are relatively easy. However, because
fatigue increases subjective difficulty, it leads to disengage-
ment in objectively difficult tasks. Dispositional negative
mood influences perceived task difficulty in a similar way
(e.g., Brinkmann & Gendolla, 2007, 2008; Silvia et al., 2014,
2016). These latter studies were based on the mood-behavior-
model (MBM; Gendolla, 2000), according to which mood
is integrated as a piece of information together with other
diagnostic information in behavior-related judgments. Hence,
individuals in a negative mood judge the difficulty of a task
as higher than those in a positive mood (e.g., Gendolla et al.,
2001). Resources are then mobilized according to the princi-
ples of MIT (Gendolla et al., 2012). Interestingly, depressive
symptoms including negative mood (Baynes et al., 2000) and
fatigue (Waters et al., 2013) are highly prevalent in schizophre-
nia—up to 75% of individuals with schizophrenia have these
symptoms. Although these variables might exert an impact on
cognitive effort in individuals with schizophrenia, they have
been largely ignored to date.
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Furthermore, past studies on effort in schizophrenia have
hardly considered the role of subjective effort although the
process of resource mobilization includes a subjective experi-
ence, which appears to be essential (van den Bosch & Rom-
bouts, 1997). Research with healthy participants has not found
clear relationships between physiologically assessed objective
effort and effort experiences (e.g., Bijleveld, 2018). To date,
only one study has assessed both objective effort (pupillary
responses) and subjective effort (self-report) in schizophrenia
(Kreis et al., 2020). Results showed lower objective effort and
higher subjective effort in schizophrenia compared to healthy
controls. Nevertheless, the patient group in this study was not
representative of the schizophrenia population; its memory
performance was comparable to the healthy control group.
Taken together, insights in the relationships between objec-
tive resource mobilization and subjectively experienced effort
in schizophrenia are scarce.

In the present study, we investigated for the first time both
objective cognitive and subjective effort in schizophrenia. To
assess objective effort, we monitored cardiovascular activity,
especially SBP, during a short-term memory task. In addition,
we assessed subjective effort at the end of each of the four task
difficulty levels. Finally, we also examined how SBP activity
during cognitive performance was influenced by fatigue, nega-
tive mood, and negative symptoms.

Based on the predictions and extensions of MIT (Gendolla
et al., 2012, 2019), we expected that SBP activity (i.e., objec-
tive effort) in the schizophrenia group would be higher on the
easy and moderate task levels but lower on the difficult level
compared to healthy controls. This is due to more negative
mood and fatigue in schizophrenia, resulting in the experience
of higher task demand (Gendolla, 2000; Wright, 2014). On the
extremely difficult level SBP activity was expected to be low for
all participants. Based on previous findings (e.g., Kreis et al.,
2020), we expected that the schizophrenia group would per-
ceive subjective effort as higher than the healthy control group.

In contrast to the theory-based main hypotheses described
above, we did not formulate any a priori hypotheses concern-
ing the links between effort and negative symptoms, nota-
bly amotivation, in schizophrenia because past research has
revealed mixed results. Related statistical analyses were con-
ducted exploratively.

Method
Participants

Based on power considerations described in detail at the
end of this section, we recruited 35 individuals with a
diagnosis of schizophrenia according to DSM-5 criteria
and 33 healthy controls. Groups were matched on sex, age,
and educational status. All individuals with schizophrenia



Current Psychology (2023) 42:20737-20747

20739

were recruited at the hospital. The final patient sample
consisted of 4 hospitalized individuals, 4 individuals
treated in an inpatient clinic, 17 individuals followed by
a recovery and rehabilitation center, and 5 outpatients.
Non-clinical participants were recruited from a list of
persons who had already completed psychological stud-
ies. Non-inclusion criteria comprised neurological disor-
ders or cranial trauma antecedents, cardiovascular disease
and/or treatment for high blood pressure, and abuse of/
dependence on a substance (except cannabis or tobacco).
To exclude psychotic disorders in healthy controls, we
assessed the 7" version of the DSM-5 Mini-International
Neuropsychiatric Interview (Sheehan, 2016). From the 68
participants initially enrolled in the study, 8 participants
(5 individuals with schizophrenia and 3 healthy controls)
were excluded for the following reasons: one patient
wished to abandon the study in progress, 2 patients and 1
healthy control individual showed extreme cardiovascular
reactivity (outliers), 2 patients had missing data due to a
computer problem, and 2 healthy controls presented severe
depressive symptoms, leaving data of 30 patients and 30
healthy controls for data analysis. Data of participants with
extreme cardiovascular reactivity (i.e., cardiovascular task
score — cardiovascular baseline score) were removed based
on the criterion z <-3.29 (Fields, 2013). Specifically, these
participants had extremely low cardiovascular activity dur-
ing the task period compared with the baseline period.
This suggests that these participants probably moved their
arms during the resting period, biasing their cardiovascu-
lar baseline values.

For patients, treatment doses were calculated in chlor-
promazine equivalents according to the minimum effective
dose method (Leucht et al., 2015). In the schizophrenia
group, psychotic symptoms were evaluated with the Posi-
tive and Negative Syndrome Scale (PANSS, Kay et al.,
1987). As the best tool available in French, the Scale for
the Assessment of Negative Symptoms (SANS, Andreasen,
1989) was used to specifically measure negative symptoms
and amotivation (i.e., Avolition score of the SANS). All
participants completed the second version of the Beck
Depression Inventory (BDI-II; Beck et al., 1996) and the
Fatigue Impact Scale (FIS, Fisk et al., 1994). To determine
the mental load in working memory, we administered the
WAIS IV Letter-Digit Sequence test (Wechsler, 2008). We
also recorded Body Mass Index (BMI).

In previous studies using cardiovascular measures
of objective effort, medium effect sizes have been usual.
According to an a priori power analysis with MorePower
(Campbell & Thompson, 2012), the required minimal sam-
ple size was 11 participants per group to detect a medium
effect size with 80% power in our 5 X2 mixed model
ANOVA. The study was conducted according to the eth-
ics code of the World Medical Association (Declaration

of Helsinki) and its later amendments (IRB approval:
202000663). Participants did not receive any payment for
participation.

Cardiovascular Measures

Cardiovascular activity was noninvasively assessed with the
Dinamap Procare monitor® (GE Medical Systems, Informa-
tion Technologies Inc., Milwaukee, WI), which uses oscil-
lometry to determine blood pressure activity. The blood
pressure cuff was placed on the brachial artery above the
elbow of participants’ non-dominant arm and inflated auto-
matically. SBP and DBP (both in millimeters of mercury,
mmHg) and HR (in beats per minute, bpm) were recorded
each minute during the baseline period and during each dif-
ficulty level of the experimental task.

Self-Report Measures

All participants were asked to indicate their current mood
state by means of two positive (“happy”, “joyful”) and two
negative (“sad”, “depressed”) items from the hedonic tone
scales of the U-WIST (Matthews et al., 1990) using 7-point
Likert scales ranging from 1 (not at all) to 7 (very much). An
index was calculated by summing the negative and reverse-
scored positive items; the higher the score, the more nega-
tive the mood (Cronbach’s a=0.80). We added one ques-
tion about current fatigue level to be answered on a 7-point
Likert scale from 1 (not at all tired) to 7 (very tired). In
addition, all participants self-reported the amount of effort
they had expended (1—no effort to 7—considerable effort).
Other task-related self-report measures are reported in the
Supplemental Online Material (SOM).

Experimental Task

We administered a computerized Sternberg-type short-term
memory task in which participants determined whether
a target letter had been part of a series of previously pre-
sented letters. Each trial started with a centrally displayed
fixation cross (1000 ms), which was replaced by a series of
meaningless letters (e.g., “KJHGFD”) (750 ms), followed
by a mask consisting of a row of “X”, and a target letter.
The participant had a maximum of 2000 ms to indicate as
quickly and accurately as possible whether that target let-
ter had been present or not in the previous letter series by
pressing respective response keys. If the participant did
not respond within 2000 ms, the message "Please respond
faster" appeared. Objective task difficulty was manipulated
by varying the number of letters: 3 letters for the easy level,
5 for the moderate level, 7 for the difficult level, and 12 for
the extremely difficult level. The difficulty levels order was
randomized. Correctness feedback (during training) and a
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"response recorded" message (during the experimental task)
were displayed after each response. To keep the duration of
each trial identical for all participants, these messages were
presented for 4000 ms minus participants’ reaction time.
The experimental task was programmed using E-Prime 2.0
(Psychology Software Tools, Pittsburgh, PA). Each level of
difficulty consisted of 24 trials for a total duration of 3 min
per level.

Procedure

After having read introductory information, participants
signed the consent form and sat down in a comfortable chair
in front of a computer in a quiet room in the hospital. At
recruitment, participants had been asked not to drink coffee
or tea and not to smoke 30 min before the experiment to
avoid effects on cardiovascular measures. The experimenter
placed the blood pressure cuff on participants’ nondominant
arm and provided a cushion to stabilize the arm in a comfort-
able position. Participants were asked not to move their arm
during the experiment to prevent movement artefacts. The
instructions were presented on-screen, and the experimenter
took place in an adjacent control room. To avoid observer
bias, participants were informed that the experimenter could
not monitor their performance.

First, participants indicated their momentary mood and
fatigue. Second, participants completed an 8-min resting
period to assess cardiovascular baseline values, while they
watched an emotionally neutral documentary ("The herit-
age of the Ardeche"). Third, participants worked on the
experimental task, starting with 8 training trials comprised
of series of 6 nonsense letters. Afterwards, participants
completed the four difficulty levels. At the end of each dif-
ficulty level, participants rated subjective effort and other
task-related self-report measures (see SOM). Before each
difficulty level, a 2-min break was programmed so that car-
diovascular activity could return to the resting state. After
having performed all levels of the Sternberg task there
was a 10-min break, after which participants performed
a working memory test and completed the questionnaires
and the semi-structured interview about clinical measures.
Finally, participants were debriefed and thanked for their
participation. Figure 1 summarizes the procedure.

Data Reduction and Primary Measures

Our primary effort measures were objective SBP activity
(in mmHg) and subjective self-reported effort. Descrip-
tive statistics and results for DBP, HR, and task demand
appraisals are presented in the SOM. Cardiovascular base-
line scores (t1) were computed by averaging the last three
measures (last 3 min) of the resting period (Cronbach’s
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as > 0.98). Cardiovascular task activity was determined
by averaging the three measures collected for each task
difficulty level (Cronbach’s as > 0.94).

Based on signal detection theory (Green & Swets,
1966), we calculated a sensitivity index (d’) as perfor-
mance measure (d’ = z(Hits)-z(False Alarms)) for the
Sternberg task. Given that some data had probabilities
equal to 1 (in the case that participants did not make
any errors), which does not allow for a d’ calculation,
we added 0.5 to all data (Fienberg, 2007). Moreover, we
assessed reaction times for correct responses.

Data-Analysis Plan

Statistical analyses were performed with JASP0.14.0.0.
First, we compared socio-demographic, working memory
span, psychological, and bodyweight data between the two
participant groups. All data were normally distributed (i.e.,
absolute values for skewness and kurtosis were lower than 3
and 10, respectively, Weston & Gore, 2006). For our primary
theory-based hypotheses, we conducted a 5 (Difficulty) x 2
(Group) mixed-model ANOVA of SBP activity, including
baseline activity as t1 measure together with the four dif-
ficulty levels. We did not compute cardiovascular reactivity
scores (Llabre et al., 1991), because Difficulty was manipu-
lated as a within-subjects factor. Moreover, we ran 4 (Dif-
ficulty) X2 (Group) mixed-model ANOVAs of the subjective
effort and performance measures. Whenever Mauchly’s test
of sphericity was significant, a Greenhouse—Geisser cor-
rection was applied. For significant ANOVA effects, post
hoc multiple comparisons with Bonferroni corrections were
conducted. Effect sizes are presented as nzp. For our second-
ary exploratory analyses, we computed Pearson bivariate
or partial correlations (for SBP with baseline t1 measure
as control variable) to investigate the relationships between
psychological and effort measures in schizophrenia. A Ben-
jamini-Yekutieli correction (Benjamini & Yekutieli, 2001)
was performed to control for false discovery rate of multiple
tests.

Results
Group Comparisons

Sociodemographic, clinical, neuropsychological, body-
weight, momentary mood, and fatigue data for the two
groups are presented in Table 1. No significant differences
were found for gender, education, and age (ps> 0.06).
Individuals with schizophrenia reported more depressive
symptoms (M =14.17, SD=9.50) than healthy controls
(M=3.53, SD=2.66), t(58)=-5.90, p<0.001, d=-1.53.
Individuals with schizophrenia also reported more fatigue
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(M=178.10, SD=24.50) than healthy controls (M =47.30, controls (M =8.50, SD=3.48), #(58)=-4.45, p<0.001,
SD=27.70), t(58) =-4.56, p <0.001, d=-1.18. Participants d=-1.15. However, no significant difference between the
in the schizophrenia group (M =12.87, SD=4.10) wereina  two groups emerged for momentary fatigue, #(58)=-0.08,
significantly more negative momentary mood than healthy  p=0.93, d=-0.02. Working memory scores were lower

Table 1 Sociodemographic and clinical variables. Means, standard deviations, medians, and ranges are presented for gender, age, education,
clinical and neuropsychological variables

Participants with schizophrenia Healthy controls
N=30 N=30 p-value
N % N %
Gender/ Men 25 83.33 20 66.67 p=0.14
M SD Med Rg M SD Med Rg
Age 31.63 6.82 30.50 [22—46] 3123 11.18 28.00 [19—54] p=0.87
Education 13.03 293 12.00 [7—23] 1420 1.27 14.00 [12—17] p=0.06
Body Mass Index 25.62 5.87 24.71 [14.36—40.12] 22.76 2.85 2242  [18.37—27.85] p=0.02
Antipsychotic dosage (CPZ Eq) 616.67 350.00 665.99 [0-2700]
Duration of illness (in years) 9.10 6.90 7.00 [0—28]
Psychotic Symptoms
PANSS Positive Symptoms 12.77 5.54 11.50 [7-25]
PANSS Negative Symptoms 12.97 5.22 11.00 [7-26]
PANSS General 27.33 7.31 26.00 [16 — 48]
Negative symptoms
SANS total 18.93 10.12 18.00 [0-42]
SANS Avolition 543 2.81 5.00 [0—10]
Mood
BDI-II—Depression 14.17 9.50 14.00 [0—41] 3.53 2.66 3.00 [0—9] p<0.001
Momentary Mood 12.87 4.10 12.00 [6—23] 8.50 3.48 8.00 [4—18] p<0.001
Fatigue
FIS—Fatigue total score 78.10 24.50 74.50 [16—124] 4730 27.70 43.00 [0—97] p<0.001
Momentary Fatigue—Likert scale ~ 3.50 1.66 4.00 [1—7] 3.47 1.48 4.00 [1—6] p=0.93
Working Memory
Raw Score Letter-Digit Sequence 17.30 3.03 17.00 [13 -23] 19.18 2.35 19.50 [11-24] p=0.010

Notes: Positive and Negative Syndrome Scale (PANSS); Scale for the Assessment of Negative Symptoms (SANS); Beck Inventory of Depres-
sion (BDI-II); Dysfunctional Attitudes Scale (DAS); Fatigue Impact Scale (FIS); Chlorpromazine equivalent dose (CPZ Eq). Group statistics
were calculated with chi-squared test or independent-samples t-tests.

@ Springer



20742

Current Psychology (2023) 42:20737-20747

Fig.2 Means and standard
errors of SBP activity as a
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in the schizophrenia group (M =17.30, SD=3.03) com-
pared to the healthy control group (M =19.18, SD=2.35),
1(58)=2.67, p=0.01, d=0.69. Finally, BMI was higher in
the schizophrenia group (M =25.62, SD=5.87) than in the
healthy control group (M =22.76, SD =2.85), (58)=-2.37,
p=0.02,d=-0.62.

Effort Measures

Objective Effort—SBP Activity' The 5x2 ANOVA
revealed a Difficulty main effect, F(3.22, 187.06)=15.08,
p<0.001,1%,=0.21, and a Difficulty x Group interaction,
F(3.22, 187.06)=3.94, p=0.008, nzp =0.06, in absence

of a Group main effect (p =0.13) (see Fig. 2). Follow-up
comparisons of the interaction showed that baseline values

! Because depression and BMI were significantly higher in the schiz-
ophrenia group than in the healthy control group and because these
two clinical variables could influence objective effort (i.e., cardiovas-
cular activity), we also considered them as covariates in the analyses
of SBP reactivity reported the main text.

Depression (BDI-II score) had no significant covariate main or inter-
action effects (all ps>.18).

By contrast, BMI had a significant covariate main effect, F(1,
57)=42.42, p<.001, n2p=.43, on cardiovascular reactivity. Moreo-
ver, the analysis revealed a Difficulty x Group interaction, F(3.22,
183.61)=4.09, p=.007, n2p=406, in absence of Group (p=.95) or
Difficulty (p=.70) main effects. Follow-up comparisons found that
the SBP baseline values were significantly lower than the four task
measures in the healthy control group (ps<.001). By contrast, in the
schizophrenia group, no significant differences emerged between the
five SBP measures (ps>.85). The addition of the BMI covariate did
not change the Difficulty x Group interaction effect or the follow-up
comparisons presented in this manuscript.
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were significantly lower than the four task measures in
the healthy control group (ps <0.001). By contrast, in the
schizophrenia group, no significant differences emerged
between the five SBP measures (ps>0.33).

In the schizophrenia group, an association between SBP
and fatigue (FIS) emerged, r(27)=0.40, p=0.030. No sig-
nificant associations between SBP and negative mood (BDI-
I, U-WIST) were found in schizophrenia, r(27)=0.14,
p=0.48; r(27)=-0.14, p=0.48, respectively. Neither nega-
tive symptoms nor amotivation were significantly associ-
ated with SBP activity, r(27)=-0.09, p=0.64; r(27)=0.33,
p=0.09, respectively.

Subjective Effort — Self-Reported Effort Only a Difficulty
main effect was found, F(2.53, 146.66)=39.25, p <0.001,
nzp =0.40 (other ps >0.36). All difficulty levels significantly
differed from each other (ps <0.001), except the moderate
and difficult levels (p =0.09). As objective task difficulty
increased, so did subjective effort (see Fig. 3).

Task Performance Measures

Sensitivity - d’ Index? We found a Difficulty main effect,
F(3,174)=162.11, p<0.001, nzp =0.74 (other ps>0.16).
All difficulty levels significantly differed from each other
(ps <0.001). The sensitivity index decreased with increasing
task difficulty (see Table 2).

2 We also conducted a 4 (Difficulty)x2 (Group) mixed-model
ANOVA of the error rates (i.e., sums of false alarms and omission
errors). That analysis only found a Difficulty main effect, F(2.56,
148.26)=152.51, p<.001, n2p=.72, (others ps>.09). These results
do not differ from those found for the sensitivity index.
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Table 2 Mear'ls' apd standard Sensitivity—d' index
errors of sensitivity. The
standard errors were corrected Easy Moderate Difficult Extremely Difficult
according to the within-
subjects design as proposed by Healthy controls 3.01 (0.11) 2.30(0.14) 1.68 (0.14) 0.52 (0.16)
Cousineau and O'Brien (2014) Schizophrenia 2.75 (0.19) 2.04 (0.84) 1.41 (0.74) 0.57 (0.61)

Reaction Times The analysis revealed a Group main effect,
F(1, 58)=7.94, p=0.007, n2p =0.12. Individuals with
schizophrenia responded significantly slower than healthy
controls. Also the Difficulty main effect was significant, F(3,
174)=30.02, p<0.001, nzp =0.34. As depicted in Fig. 4, reac-
tion times increased with objective task difficulty. All diffi-
culty levels significantly differed from each other (ps <0.001),
except the moderate and difficult conditions (p =0.90). The
interaction effect was not significant (»p =0.60).

Discussion

This study investigated objective and subjective cognitive
effort in schizophrenia compared with healthy controls.
Regarding objective effort, healthy controls’ SBP increased
during the task compared to the baseline period, whereas
individuals with schizophrenia showed no such effect. That
is, using a well validated psychophysiological measure of
objective effort (Gendolla et al., 2012, 2019; Richter et al.,
2016; Wright & Kirby 2001, for reviews), our results indi-
cate impaired resource mobilization in the schizophrenia
group. However, while schizophrenia individuals did not
increase their objective effort during the cognitive task, they
reported a similar level of subjective effort as the healthy
control participants. Interestingly, other studies found that
individuals with schizophrenia perceived to expend higher
cognitive effort than healthy controls (e.g., Culbreth et al.,

2016; Kreis et al., 2020). A dissociation of objective and
subjective effort measures was also found in metacognition
(Raffard et al., 2020a) and in the intensity of physical exer-
cise in individuals at high risk for psychosis (Damme et al.,
2021). Although our results were not identical with those
previous findings, they support the idea of an effort disso-
ciation in schizophrenia in that low objective effort goes
together with the experience of high subjective effort.

Our finding of blunted SBP reactivity in the schizophre-
nia group is consistent with studies using pupil dilation as
objective effort measure (Granholm et al., 2007; Kreis et al.,
2020) and corroborates the hypothesis of blunted cognitive
effort in schizophrenia. However, contrary to our predic-
tions, we did not find that objective difficulty moderated
SBP activity. Although there was a significant difference in
SBP activity between baseline and task in the control group,
reflecting increased effort during performance, we did not
find that SBP was further moderated by objective task diffi-
culty. It is conceivable that the within-persons task difficulty
manipulation has prevented us from replicating difficulty
effects found in previous studies with between-persons dif-
ficulty manipulations (e.g., Richter et al., 2008). However,
while healthy controls showed a general increase in objec-
tive effort during task performance, individuals with schizo-
phrenia did not—they remained on their baseline level.

It is of note that the SBP baseline values in the schiz-
ophrenia group were higher than in the healthy control
group. One might therefore suspect that schizophrenia
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Fig.4 Means and standard
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individuals’ SBP activity could not increase much more
during the experimental task in line with the law of initial
values (see Llabre et al., 1991). On the other hand, stud-
ies on depression found that depressed individuals’ SBP
could increase during cognitive tasks even with high SBP
baseline values (Franzen & Brinkmann, 2015; Franzen
et al., 2019). Moreover, the SBP values of the schizophre-
nia group in the present study were still normotensive
(Chobanian et al., 2003). Therefore, we conclude that the
lack of SBP reactivity in the present study’s schizophrenia
group points to deficits in objective cognitive effort rather
than to other physiological reasons underlying the lack of
adjustment to task demands.

However, unlike most other studies (e.g., Culbreth et al.,
2016, 2020; Granholm et al., 2007, 2016), we found no evi-
dence for associations with negative symptoms. One reason
for this could be that we did not manipulate reward but task
difficulty. Indeed, previous research indicates that negative
symptoms are associated with an underestimation of reward
value (Strauss et al., 2014, for review). A second reason
for not finding a significant association might be the low
severity of negative symptoms in the present schizophre-
nia group. A third reason might be that we did not use the
gold standard tool for assessing negative symptoms, such as
the Clinical Assessment Interview for Negative Symptoms
(CAINS, Kring et al., 2013) or the Brief Negative Symptom
Scale (BNSS, Strauss et al., 2012), for which no validated
French versions exist. These points should be considered
for future studies.

Short-term memory performance was affected by schiz-
ophrenia. Although the sensitivity index was similar in
both groups, reaction times were significantly longer in
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the schizophrenia group than in the control group. The
latter effect is consistent with the literature (Aleman
et al., 1999). Furthermore, reaction times increased and
sensitivity decreased with objective task difficulty in both
groups, indicating effective manipulations of objective
task difficulty.

Another interesting result of our study is the associa-
tion between cognitive effort and fatigue in schizophrenia.
Fatigue refers to “the awareness of a decreased capacity
for physical and/or mental activity due to an imbalance in
the availability, utilization, and/or restoration of resources
needed to perform activity” (Aaronson et al., 1999, p.46).
Fatigue affects subjective task difficulty and thus effort:
For objectively easy tasks, individuals who experience
high levels of fatigue perceive task demand as higher and
thus mobilize more resources than those with low levels
of fatigue (e.g., Wright & Stewart, 2012). Surprisingly, to
date fatigue has not been considered in effort investigations
in schizophrenia, although up to 60% of patients experi-
ence significant levels of fatigue (Waters et al., 2013) and
although fatigue leads to motivational difficulties and cogni-
tive deficits (Raffard, Rainteau, et al., 2020). Cognitive and
behavioral therapies for fatigue have been shown to be effec-
tive in chronic fatigue syndrome (Knoop et al., 2008) and
are currently implemented in schizophrenia (Raffard et al.,
2020b). As such, treating fatigue in schizophrenia could
improve the mobilization of cognitive resources. Future
studies are needed to test this hypothesis.

Our study has some limitations. The schizophrenia
group was relatively asymptomatic regarding amotivation.
Although other studies have found associations between
SANS avolition scores and objective effort (i.e., pupillary
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response; Granholm et al., 2007), this scale is not the gold
standard for assessing negative symptoms and amotivation
(Strauss & Gold, 2016). Another limitation is related to the
nature and the assessment of objective effort in terms of SBP
activity assessed in a within-subjects design. Future research
might use cardiac pre-ejection period as the most reliable
non-invasive measure of beta-adrenergic impact on the heart
(Gendolla et al., 2019; Richter et al., 2016; Wright, 1996).
Additionally, task difficulty could be manipulated between
persons to produce stronger effects (Richter et al., 2008).

Taken together, our results indicate that individuals with
schizophrenia mobilized less objective effort and responded
more slowly than healthy controls but subjectively experi-
enced effort on a similar level as healthy controls. Our find-
ings highlight a dissociation between subjective and objec-
tive effort in patients with schizophrenia. The role of fatigue
in this process merits to be further investigated in future
research.
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