
Cognitive functioning in CFS/ME/SEID-patients  

 

 1 

Cognitive Functioning in Patients with Chronic Fatigue Syndrome: 1 

Slowed Information-Processing or a Deficit in Attentional Selectivity? 2 

Ingrid Banovic1* https://orcid.org/0000-0001-9058-3681 3 

Iva Šaban1,2* https://orcid.org/0000-0001-8724-3088 4 

Adel Ayad3 5 

Isabelle Fornasieri4 6 

Benjamin A. Parris5 https://orcid.org/0000-0003-2402-2100 7 

Claire Tourny6 https://orcid.org/0000-0002-1951-7785 8 

& Maria Augustinova1 https://orcid.org/0000-0001-9514-4418 9 

   10 

 11 
1 CRFDP, University of Rouen Normandy, Rouen, France 12 
2 Department of Psychology, University of Milano-Bicocca, Milano, Italy 13 
3 HPN France-Aplasie Médullaire Association, Hôpital Saint Louis - Service greffe de 14 

moelle osseuse, Paris, France  15 
4 Faculty of Psychology, University of Strasbourg, France 16 
5 Department of Psychology, Bournemouth University, Poole, United Kingdom 17 
6 CETAPS UR 3832, University of Rouen Normandy, France 18 
 19 

 20 

Running head: Cognitive functioning in CFS-patients  21 

Word count: 7392 (excluding the Title page) 22 

 23 

*Corresponding authors: 24 

Ingrid Banovic 25 

E-mail: Ingrid.Banovic@univ-rouen.fr 26 

or 27 

Maria Augustinova 28 

E-mail: Maria.Augustinova@univ-rouen.fr 29 

Université de Rouen Normandie 30 

Le Centre de Recherches sur les Fonctionnements et Dysfonctionnements 31 

Psychologiques (CRFDP, EA 7475), 32 

UFR SHS – Bâtiment Freinet, Place Emile Blondel, 76821 Mont Saint Aignan Cedex, 33 

FRANCE   34 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank


Cognitive functioning in CFS/ME/SEID-patients  

 

 2 

Abstract 35 

Objectives: By addressing numerous statistical, theoretical and methodological 36 

weaknesses of existing research on chronic fatigue syndrome (CFS), this study 37 

attempted to examine closely whether cognitive dysfunction in CFS-patients is 38 

restricted to slowed information processing, or whether it extends to less efficient 39 

attentional selectivity.  40 

Methods: In an online study, 83 CFS-patients and 83 healthy controls (all French-41 

speaking volunteers) first completed the Multidimensional Chronic Asthenia Scale 42 

(MCAS) and then performed the two-to-one version of the Stroop task known to 43 

carefully measure different components of the Stroop effect including the targeted 44 

Stroop interference (i.e., prima facie indicators attentional selectivity). 45 

Results: Adequately powered analyses of raw RTs pointed to differences in magnitude 46 

of Stroop interference between CFS-patients and healthy controls. However, these 47 

differences are entirely explained by generally slower processing speed in CFS-patients. 48 

Indeed, no such differences were found when standardized (i.e., z-scored) RTs that take 49 

into account preexisting differences in processing speed were analyzed and this absence 50 

of differences was attested – for the first time – by strong Bayesian evidence in favor of 51 

the null.  52 

Conclusion: Although the present study showed that attentional selectivity is not 53 

impaired in CFS-patients and that their cognitive dysfunction is restricted to slowed 54 

information processing, other studies are still needed to fully understand cognitive 55 

impairments associated with CFS.  56 
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Key Points 60 

▪ Patients with chronic fatigue syndrome (CFS) present slowed information 61 

processing  62 

▪ Concomitantly, CFS-patients present normal attentional selectivity  63 

▪ Whether this reflects preservation or compensation is yet unknown  64 

65 
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List of abbreviations 66 

ASFC: Association Française du Syndrome de Fatigue Chronique (French association 67 

of ME/SEID/CFS patients) 68 

CA: Chronic Asthenia 69 

CFS: Chronic Fatigue Syndrome 70 

CFS/ME/SEID: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis/Systemic 71 

Exercise Intolerance Disease/Chronic Fatigue Syndrome 72 

MCAS: Multidimensional Chronic Asthenia Scale 73 

PEM: Post-Exertional Malaise 74 

PNH/AA: Paroxysmal Nocturnal Hemoglobinuria/Aplastic Anemia 75 

RT: raw reaction-times  76 

SM: Supplementary Materials  77 

zRT: standardized (i.e., z-scored) reaction-times   78 
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1. Introduction 79 

  Chronic fatigue syndrome (CFS), also referred to as myalgic encephalomyelitis 80 

(ME) or systemic exercise intolerance disease (SEID, hence the use of the umbrella 81 

acronym CFS/ME/SEID, see e.g., Corbitt et al., 2019) affects approximately 1% of the 82 

world’s population (American ME and CFS Society, 2024). This chronic condition is 83 

debilitating enough to prevent CFS/ME/SEID-patients from carrying out normal daily 84 

activities, including the occupational roles, and even confine them to bed (Carruthers et 85 

al., 2011; Deumer et al., 2021; Lim & Son, 2020; Jason et al., 2014). This is not 86 

surprising since CFS/ME/SEID core symptoms include unrefreshing sleep, post-87 

exertional malaise (PEM), fatigue and cognitive dysfunction lasting for more than six 88 

months (Lim & Son, 2020; Jason et al., 2014).  89 

Independently of symptom typology (e.g., Carruthers et al., 2011; Lim & Son, 90 

2020; Jason et al., 2014; Fukuda et al., 1991), cognitive dysfunction (also referred to as 91 

cognitive problems, cognitive/neurological symptoms, neurocognitive difficulties or 92 

impairments) constitutes a typical symptom. To illustrate, it is present whether three- 93 

(Friedberg et al., 2000), five- (Arroll & Senior, 2009; Hickie et al., 2009) or six-factor 94 

(Jason et al., 2007) structure of symptoms experienced by CFS/ME/SEID-patients is 95 

reported – which explains its inclusion in the consensual diagnostic criteria (Carruthers 96 

et al., 2011). Despite this typicality, the exact nature of cognitive dysfunction of 97 

CFS/ME/SEID-patients is still poorly understood, possibly because the cognitive 98 

functions that are impaired in CFS/ME/SEID-patients, and the nature and extent of the 99 

impairments, is itself relatively unknown. The research evaluating cognitive functioning 100 

of CFS/ME/SEID-patients by the means of the Stroop task (Stroop, 1935) epitomizes 101 

these, as yet unresolved, issues.  102 
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This type of research usually uses standardized Stroop tests included in larger 103 

test-batteries (but see Shan et al., 2018 for an exception). The standardized Stroop tests 104 

require individuals to read a list of color-words printed in black ink on the first card 105 

(word-reading, W-subtest). The individuals are then asked to identify colors of color-106 

patches and color-words, printed on second (C-subtest) and third (CW-subtest) cards 107 

respectively. This third subtest is particularly challenging, because the color-words it 108 

contains are printed in a color that is different from the word’s meaning (e.g., word 109 

“BLUE” displayed in green; hereafter BLUEgreen). Therefore, the (task-irrelevant) 110 

meaning of these color-incongruent Stroop words interferes with the identification of 111 

their (task-relevant) print-color (Stroop, 1935).  112 

Although this interference is particularly robust (i.e., it appears to some extent in 113 

all skilled readers (Stroop, 1935; MacLeod, 1991; Parris et al., 2022), performance of 114 

CFS/ME/SEID-patients on this CW or “interference” subtest has repeatedly been 115 

reported poorer than the performance of healthy controls (Cockshell & Mathias, 2013; 116 

DiClementi et al., 2001; Robinson et al., 2019). Additionally, 21% to 38% of 117 

CFS/ME/SEID-patients have recently been reported to perform below the 1.5 SD cut-118 

off for clinically significant impairment on this and other Stroop subtests (Rasouli et al., 119 

2019). These results led several studies to conclude that attentional selectivity and the 120 

interference/inhibitory control it entails is impaired in CFS/ME/SEID-patients 121 

(Cockshell & Mathias, 2013; DiClementi et al., 2001, Rasouli et al., 2019).  122 

It is however important to understand that a poorer performance on CW or 123 

“interference” subtest alone – also reported in other studies of CFS/ME/SEID-patients 124 

(Mahurin et al., 2004; Metzger & Denney, 2002; Ray et al., 1993; Thomas & Smith, 125 

2009) –, does not necessarily mean that their attentional selectivity and the 126 

interference/inhibitory control it entails is impaired. It might simply point to slower 127 
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information processing – as further indicated by a poorer performance of 128 

CFS/ME/SEID-patients on the remaining Stroop subtests (Rasouli et al., 2019; Thomas 129 

& Smith, 2009). Indeed, when the performance on the CW or “interference” subtest is 130 

compared to that on a relevant baseline subtest (i.e., a global index of performance is 131 

derived1), attentional selectivity of CFS/ME/SEID-patients is not impaired compared to 132 

their healthy counterparts (Metzger & Denney, 2002; Ray et al., 1993; Shan et al., 2018) 133 

including CFS/ME/SEID-free monozygotic twins (Mahurin et al., 2004).  134 

Still, none of these latter studies – including the most recent one (Shan et al., 135 

2018) – have supplemented this latter absence of differences with Bayesian statistics in 136 

favor of the null. Given this latter statistical issue, but perhaps more importantly other 137 

theoretical and methodological weaknesses of the research outlined above that its 138 

metanalysis (Aoun Sebaiti et al., 2022) is unable to address (see 2.4), the currently 139 

available conclusions about the kind of cognitive functions that is impaired in 140 

CFS/ME/SEID-patients, remain tentative.  141 

It is also important to understand that the current uncertainties surrounding 142 

CFS/ME/SEID-patients’ factual attentional needs have in turn important ramifications 143 

for the clinical practice. Indeed, these uncertainties preclude the evidence-based 144 

therapeutic approaches to go beyond shaping CFS/ME/SEID-patients’ perceptions of 145 

symptoms they experience – including “attentional” fatigue –, and/or helping them 146 

with emotional issues and other maintenance factors.  147 

 Therefore, the present study examined closely whether cognitive dysfunction in 148 

CFS/ME/SEID-patients is restricted to slowed information processing (Mahurin et al., 149 

2004; Metzger & Denney, 2002; Ray et al., 1993; Shan et al., 2018), or whether it 150 

 
1 One example of a global index of performance is a subtraction of mean performance on C subtest from 

the one on CW subtest.  
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extends to less efficient attentional selectivity (Cockshell & Mathias, 2013; DiClementi 151 

et al., 2001; Rasouli et al., 2019). To this end, a carefully designed computerized Stroop 152 

experiment attempted to address the remaining conceptual and methodological issues 153 

related to the measure of attentional selectivity and the interference/inhibitory control it 154 

entails in a Stroop task (see 2.4). The study additionally applied analyses able to assess 155 

this latter ability in CFS/ME/SEID-patients independently of their slowed information 156 

processing, as is now common in research on age-related differences in Stroop 157 

performance (see e.g., Burca et al., 2022; Jackson & Balota, 2013, see 2.4). If cognitive 158 

dysfunction in CFS/ME/SEID-patients involves attentional deficit, the present study 159 

was also specifically designed to further investigate whether this deficit is general or 160 

limited to a particular subsystem of attentional control (e.g., Berggren & Derakshan, 161 

2014; Burca et al., 2022, see 2.4).  162 

 163 

2. Method 164 

2.1. Recruitment of participants and Ethics  165 

The present study was a part of a larger online research protocol investigating 166 

chronic asthenia (CA) and its consequences. CFS/ME/SEID-patients (i.e., patients 167 

presenting a disease-unrelated CA, as opposed to patients presenting PNH/AA-related 168 

fatigue that were also included in this protocol2) were recruited in response to an 169 

advertisement issued by mailing list and social networks of the National French 170 

Association of CFS/ME/SEID-patients (Association Française du Syndrome de Fatigue 171 

Chronique, ASFC; asso-sfc.org). Some were part of a personal network of one of the 172 

 
2 Paroxysmal Nocturnal Hemoglobinuria (PNH) is a very rare (i.e., 38 per million individuals, 

Fattizzo et al., 2022), acquired stem cell disorder that is often embedded with bone marrow 

failure syndromes such as aplastic anaemia (AA). One of its most frequently reported symptoms 

is “fatigue” (Fattizzo et al., 2022). 
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coauthors (IF). Their participation was voluntary and so was that of controls that were 173 

recruited in response to advertisements issued through mailing lists, social media and 174 

various channels (including personal networks of the authors). The data from 175 

CFS/ME/SEID-patients was collected between May 1st and October 30th 2023 and from 176 

their healthy controls between June 1st 2023 and February 25th 2024. 177 

All the information about the study was provided when the study was advertised. 178 

Once the participants accessed the online platform on which the study was administered 179 

(i.e., Psytoolkit; Stoet, 2010), the same information was provided as a part of the 180 

Participant Information Sheet. The participants could not access the content of the study 181 

until they had given their (fully informed) consent by ticking the appropriate response 182 

box in the Participant Information Sheet. This and all others aspects of the study were 183 

approved by the Comité de Protection des Personnes Sud Ouest et Outre Mer IV 184 

(French National Ethics committee CPP22.02067.000089; National Number: 2022-185 

A01481-42) on September 22nd, 2022.  186 

 187 

2.2. Inclusion and exclusion criteria and the resulting sample’ 188 

characteristics  189 

In addition to a formal diagnosis of CFS/ME/SEID, the patients’ inclusion 190 

criteria – assessed by filter questions presented at the beginning of the study – were (1) 191 

age between 18 and 60 years; (2) fatigue lasting more than 6 months (Lim & Son, 2020; 192 

Jason et al., 2014). After automatic exclusion of participants who failed to meet these 193 

criteria (N=6, for all with CFS/ME/SEID-patients this was due to their age) and those 194 

who did not undergo the study until the very end (N=15), the data from 90 195 

CFS/ME/SEID-patients (aged 18-60; Mage=47 years and 5 months, SD=9 years and 5 196 
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months; 70 identified themselves as women and 20 as men) were retained3. A majority 197 

of them had a university degree (N=77; 86%) and mean duration of their chronic fatigue 198 

state was 101 months (SD=99; see Table 1S and further description of the sample in 199 

Supplementary Materials, SM). In accordance with French national regulations, the 200 

participants were not asked to disclose their racial/ethnic identity.  201 

Besides age, the filter questions asked prospective control participants whether 202 

at the moment of the study: 1) they suffered from chronic illness requiring medical 203 

treatment; 2) they experienced fatigue that lasted for more than three months; 3) they 204 

perceived they fatigue as not normal and, 4) their fatigue was difficult to explain. None 205 

of these 90 healthy controls answered positively, and since they had completed the 206 

entire study, their data was initially retained. Their recruitment was monitored, so that 207 

they would match the CFS/ME/SEID-patients in terms of age (between 21-60; Mage=46 208 

years and 8 months, SD=10 years), gender (68 identified themselves as women and 22 209 

as men), and education level (N=78/87% completed a comparable university degree; see 210 

e.g., Metzger, & Denney, 2002; see also Table 1S for comparisons and SM further 211 

description of the sample).  212 

All the participants were native French speakers (N=173) or had acquired 213 

French early in life (N=7) and presented normal or corrected to normal vision – 214 

including that of colors. Indeed, not being a native French speaker, having an 215 

uncorrected vision and/or being color-blind, constitute three standard exclusion criteria 216 

in Stroop studies (see e.g., Augustinova et al., 2018; Burca et al., 2022).  217 

 218 

2.3. Procedure and Materials  219 

 
3 This observed gender imbalance is in line with high response rates displayed by women in online 

studies (e.g., Becker & Glauser, 2018). 
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The study took the form of an online cross-sectional survey, administered via 220 

Psytoolkit platform (Stoet, 2010). Once the participants answered the filter and 221 

demographic questions outlined above, they were asked to complete 17 items of the 222 

Multidimensional Chronic Asthenia Scale (MCAS, Banovic et al., 2022), each assessing 223 

perception of fatigue and its consequences on an 11-point rating scale ranging from 0 224 

(never) to 10 (always). Higher mean scores indicated a higher perception of fatigue and 225 

its consequences at the moment of the study4 (see e.g., Mahurin et al., 2004; Metzger & 226 

Denney, 2002; Rasouli et al., 2019; Ray et al., 1993; Thomas & Smith, 2009).  227 

To detect their color-blindness, the participants were then asked to identify each 228 

of the four colors used in the subsequent Stroop task (see 2.4. for a detailed description). 229 

Before completing 240 experimental Stroop trials (divided in 2 blocks), the participants 230 

familiarized themselves with the response apparatus by completing a practice block 231 

consisting of 96 practice trials where asterisks were presented instead of letters [e.g., 232 

Augustinova et al., 2018; Burca et al., 2022]5. No other cognitive tests/measures were 233 

included in the present study (or in a larger protocol that encompassed the present study, 234 

see 2.1).  235 

Finally, CFS/ME/SEID-patients (but not controls) were asked to rate whether 236 

their fatigue state affects primarily their muscular functioning, cognitive functioning or 237 

both on a 4-point scale (1=not at all, 4=completely). Apart from this latter difference 238 

and those in the inclusion criteria (hence the content of filter questions) and the explicit 239 

definition of CA provided for controls, the procedure and materials were identical for 240 

 
4 Given that MCAS was developed to measure consequences of CA and not of normal fatigue that is 

relieved by rest (Banovic et al., 2022), the definition of fatigue as “a permanent state which lasts for 

several weeks and is not relieved by rest or sleep” (e.g., Lim & Son, 2020; Jason et al., 2010, 2014), was 

presented to healthy controls during the completion of the MCAS questionnaire. 
5 Due to an accuracy rate lower than the standard 90%, seven participants (5 CFS/ME/SEID-patients and 

2 controls) had to repeat this practice block before proceeding to the experimental phase (see SM for 

further information). 
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both CFS/ME/SEID-patients and controls (see Figure 1S in SM for a recap). While the 241 

controls took approximately 25 minutes to complete the entire study, the completion 242 

time of CFS/ME/SEID-patients was substantially longer (see Table 1S in SM for the 243 

exact duration in each group).   244 

 245 

2.4. The Stroop Task  246 

A computerized version of the Stroop task (Stroop, 1935) was built into the 247 

online study outlined above. It used trial-by-trial (Shan et al., 2018) as opposed to 248 

sequential presentation of stimuli (Cockshell & Mathias, 2013; DiClementi et al., 2001; 249 

Mahurin et al., 2004; Metzger & Denney, 2002; Rasouli et al., 2019; Robinson et al., 250 

2019; Ray et al., 1993; Thomas & Smith, 2009). Indeed, sequential presentation of 251 

stimuli is not ideal because of predictability of the stimuli and their limited number. 252 

Therefore, the participants of the present study were instructed to identify the color of a 253 

(single) stimulus presented on the screen, as quickly and accurately as possible, by 254 

pressing the appropriate response-key. To this end, their attention was oriented toward 255 

the center of the screen via presentation of the fixation cross “+” at the begging of each 256 

trial. After 2000 ms, the fixation cross was replaced by a standard (i.e., compound) 257 

Stroop stimulus (Stroop, 1935)6. It remained on the screen until the participant 258 

responded or until 3500 ms had elapsed (Burca et al., 2022; Martinon et al., 2024; 259 

Figure 1).  260 

All Stroop stimuli – presented in random order – appeared in lowercase Courier 261 

font, size 18, on a black background (see Figure 1). They consisted of four color-words: 262 

rouge [red], jaune [yellow], bleu [blue], and vert [green] and four non-color 263 

counterparts (paired in length and frequency via Lexique 3.38, New et al., 2004): plomb 264 

 
6 The only other existing CFS/ME/SEID-study that used a trial-by-trial presentation of Stroop stimuli 

(Shan et al., 2018) separated their word- and color-dimension.  
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[lead], liste [list], page [page], cave [basement]. Because these different stimuli 265 

appeared in four possible colors: green (RGB: 0; 255; 0), yellow (RGB: 255; 255; 0), 266 

red (RGB: 255; 0; 0) and blue (RGB: 0; 0; 204), a given Stroop trial was either color-267 

incongruent (BLEUgreen), color-congruent (BLEUblue) or color-neutral (CAVEblue/green). 268 

Participants pressed “f” response-key (e.g., actioned with left pointing finger) for 269 

responses to yellow and green Stroop trials, and “j” response-key (e.g., actioned with 270 

right pointing finger) for responses to red and blue Stroop trials (De Houwer, 2003; 271 

Hasshim & Parris, 2014, Figure 1).  272 

 273 

 274 

 275 

Figure 1. Timeline of an experimental trial and response apparatus   276 

 277 

As mentioned above (see 1), these different features addressed the several 278 

remaining issues in CFS/ME/SEID-research outlined above (Cockshell, & Mathias, 279 

2013; DiClementi et al., 2001; Mahurin et al., 2004; Metzger, & Denney, 2002; Rasouli 280 

et al., 2019; Robinson et al., 2019; Ray et al., 1993; Shan et al., 2018; Thomas & Smith, 281 

2009). First, both accuracy and speed (to the nearest millisecond) of the participants’ 282 

color-identification performance were measured. Indeed, the standardized Stroop tests 283 

used in this past CFS/ME/SEID-research (see Shan et al., 2018 for an exception), have 284 
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recently been criticized for measuring only one of these two performance parameters 285 

(e.g., accuracy7; Scarpina & Tagini, 2017; see also Algom et al., 2022; Vandierendonck, 286 

2021 for discussions of this issue).  287 

Second, all Stroop trials (including color-neutral baseline trials) were identical in 288 

terms of visuo-attentional parameters (see above and Figure 1) and very similar in terms 289 

of (irrelevant) word-reading and the automatic word-processing it involves. This 290 

permitted the derivation of magnitudes of different Stroop effects (see Figure 2 for their 291 

diagrammatic representation) including the targeted interference (i.e., significantly 292 

longer mean responses to color-incongruent than to color-neutral trials, BLUEgreen – 293 

DEALgreen; Stroop, 1935) with the outmost precision. This is important both 294 

methodologically and theoretically, since, it is this latter contrast (i.e., genuine color-295 

word interference index) that constitutes a prima facie indicator of attentional selectivity 296 

and interference control (Algom et al., 2022; MacLeod, 1991; Parris et al., 2022). Due 297 

to the absence of a comparison baseline, the magnitude of interference derived in past 298 

CFS/ME/SEID-research is indeed inflated (Cockshell, & Mathias, 2013; DiClementi et 299 

al., 2001; Rasouli et al., 2019; Thomas & Smith, 2009) or, due to the kind of baseline 300 

used, it is confounded with other (non-interference) processes (Mahurin et al., 2004; 301 

Metzger, & Denney, 2002; Ray et al., 1993; Robinson et al., 2019) including Stroop 302 

facilitation (i.e., longer responses to color-neutral than to color-congruent to trials, 303 

DEALblue – BLUEblue; Shan et al., 2019, see also Dalrymple-Alford, 1972;  Dalrymple-304 

Alford & Budayr, 1966 and Figure 2). 305 

Third, since interference arises at multiple levels in the processing stream (Burca 306 

et al., 2022; Martinon et al., 2024), it is likely controlled by different subsystems (Chen 307 

 
7 This is because the time to complete a given subtest/card is restricted to a fix amount of time (45 sec for 

instance). However, with the number of correctly named (or read) items that are usually reported and 

analyzed, it is impossible to appreciate whether the reported differences (as compared to a control group 

or a norm) are due to a deficit in accuracy, speed or both.  
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et al., 2013; Parris et al., 2021; van Veen & Carter, 2005; see also Parris et al., 2022 for 308 

an exhaustive discussion of these issues). Therefore, assigning two colors to one 309 

response key (e.g., yellow and green to “f” response-key (De Houwer, 2003; Hasshim & 310 

Parris, 2014, see Figures 1 and 2) permitted the examination of whether any impairment 311 

in attentional selectivity observed in CFS/ME/SEID-patients, is general or whether it is 312 

limited to a particular subsystem of attentional control (e.g., Berggren & Derakshan, 313 

2014; Burca et al., 2022).  314 

 315 

 316 

Figure 2. Diagrammatic representation of the contribution of color-word 317 

facilitation vs. interference (resulting from both semantic and response conflicts) 318 

to the overall Stroop (congruency) effect.  319 

 320 

This color-response mapping creates two distinct kinds of color-incongruent 321 

Stroop stimuli (e.g., BLUEred vs. BLUEgreen, see Figure 2). Trials like BLUEred are 322 

termed same-response trials (SR) because the response activity primed by the distractor 323 

“BLUE” and the target color “red” both converge toward the same response (here ‘j’). 324 

Consequently, the interference such stimuli produce compared to their color-neutral 325 

counterparts is due to semantic conflict (e.g., BLUEred –DEALred) resulting from the 326 

simultaneous activation of two overlapping color-concepts (“BLUE” vs. “RED”, see 327 
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e.g., Seymour, 1977). An additional (i.e., response) conflict occurs for different-328 

response incongruent trials (BLUEgreen) compared their same-response counter-parts 329 

(e.g., BLUEgreen –BLUEred). This is because the distractor (“BLUE”) not only generates 330 

semantic conflict (as above), but also prompts the incorrect (pre)response activity of the 331 

right hand toward “j” response-key interfering with correct response activity of the left 332 

hand toward “f” response-key generated by the target (“GREEN”, De Houwer, 2003). 333 

As a result of this latter distinction (e.g., Burca et al., 2022; Martinon, 2024, see 334 

Figure 2), a greater magnitude of response (but not of semantic) conflict in 335 

CFS/ME/SEID-patients (as compared to controls) would indicate their lesser ability to 336 

control prepotent (interfering) responses specifically. A greater magnitude of semantic 337 

(but not of response) conflict in CFS/ME/SEID-patients (as compared to controls) 338 

would indicate their lesser ability to control interference from an irrelevant color-339 

concept. Some authors (e.g., Furley et al., 2023) additionally argue that the former 340 

magnitude approximates the ability to execute a more appropriate behavior (i.e., self-341 

control), whereas the latter, the ability to control one’s thoughts and attention in a goal-342 

directed manner. Finally, a greater magnitude of Stroop interference in CFS/ME/SEID-343 

patients (as compared to controls) would indicate that the deficit in attentional 344 

selectivity in CFS/ME/SEID-patients is more general (i.e., affects processes underlying 345 

control of both semantic and response conflict). To assess these different possibilities, 346 

the participants completed 2 blocks of 48 different-response, 24 same-response, 24 347 

color-neutral, and 24 color-congruent trials randomly intermixed in a given block.  348 

Four, recall that the differences in processing-speed exist between both 349 

CFS/ME/SEID-patients and their healthy counterparts (Cockshell & Mathias, 2013; 350 

DiClementi et al., 2001; Metzger & Denney, 2002; Ray et al., 1993; Robinson et al., 351 

2019; Shan et al., 2018; Thomas & Smith, 2009) and within CFS/ME/SEID-patients 352 
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(Robinson et al., 2019, Shan et al., 1918). Thus, to carefully disentangle these latter 353 

differences from possible attentional deficits described above (general vs. specific), the 354 

present study controlled both between (see e.g., Spieler et al., 1996), and within group-355 

differences (see e.g., Faust et al., 1999). As mentioned above (see 1), this is now 356 

common in research on age-related differences in Stroop performance. Specifically, due 357 

to the a-priori predicted effect of group (CFS/ME/SEID-patients vs. controls) on raw 358 

RTs, further analyses were performed on standardized RTs (i.e., z-scores; e.g., Burca et 359 

al., 2022; Faust et al., 1999; Jackson & Balota, 2013; Spieler et al., 1996)8.  360 

 361 

2.5. Design, data and power analysis  362 

The Stroop data (i.e., error %, raw and z-scored RTs) was analyzed in a 4 363 

(Stimulus-Type: different response vs. same response color-incongruent trials vs. color-364 

neutral trials vs. color-congruent trials) × 2 (Group: CFS/ME/SEID-patients vs. healthy 365 

control) design with latter factor being between-participant. For an effect size of 0.25, 366 

G*Power (Faul et al., 2009) recommended a total sample size of 36 participants (18 in 367 

each group) to reliably detect a within-between interaction with in a standard frequentist 368 

ANOVA.  369 

The sample size was increased to 90 individuals per groups (a total sample of 370 

180 participants) in order to: a) match mean sample size used in past studies (i.e., 84 371 

participants ranging from 21 (DiClementi et al., 2001; Mahurin et al., 2004) to 307 372 

(Thomas & Smith, 2009) participants in the patients’ group); b) collect at least 1600 373 

 
8 Although this type of control was done in past CFS/ME/SEID-research by deriving and comparing 

percentages of the Stroop effect in CFS/ME/SEID-patients (vs. controls, Shan et al., 2018), is important 

to understand that this latter transformation is known to create a spurious advantage for slower groups 

(e.g., older adults compared to their younger counterparts, Burca et al., 2022, Hedge et al., 2018) which 

might have contributed to the absence of between group-differences reported in this study (see also Burca 

et al., 2022, Hedge et al., 2018 for a further discussion of this issue). Therefore, standardized RTs (i.e., z-

scores) were analyzed instead (e.g., Burca et al., 2022; Faust et al., 1999; Jackson & Balota, 2013; Spieler 

et al., 1996). 
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observations per stimulus condition and block in each of the two groups – necessary for 374 

a properly powered experiment with repeated measures (Brysbaert & Stevens, 2018). 375 

Indeed, to achieve this for C, N and SR trials, the required number of participants was 376 

35 (24 × 67 = 1608) participants for each group without counting errors.  377 

Therefore, the analyses conducted in the present experiment can be considered 378 

appropriately powered, and this remained true even after the exclusion of incorrect 379 

responses, non-valid (i.e., trials without response) trials, and seven participants per 380 

group (see 3). Also, and importantly, in addition to standard frequentist analyses, Bayes 381 

factors were employed to assess the sensitivity of our analyses. The probability of 382 

competing models was computed using JASP 0.18.1 (2023) with default priors. 383 

Resulting evidence in favor of the alternative (BF10) or null hypothesis (BF01) was 384 

interpreted according to Lee and Wagenmakers (2014).  385 

 386 

2.6 Transparency and Openness  387 

The anonymized data and materials are available at OSF data repository OSF | 388 

Chronic fatigue - CFS/ME/SEID  389 

 390 

 391 

3. Results 392 

The analyses reported below were conducted on data from 83 CFS/ME/SEID-393 

patients (66 women and 17 men) and 83 controls (62 women and 21 men). As 394 

mentioned above, due to a high percentage of non-valid trials or incorrect responses 395 

(i.e., above 33%), seven participants were excluded in each group (see SM for further 396 

information). Additionally, time-out trials of the remaining participants as well as 397 

https://osf.io/rekus/
https://osf.io/rekus/
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response times greater than 3SDs above or below each of their mean latencies for each 398 

condition, were excluded from the analysis (i.e., corresponding to 2.62% of all patients’ 399 

data and 2.23% of all controls’ data). Finally, only RTs from correctly answered trials 400 

were analyzed (i.e., corresponding to the additional exclusion of 2.66% of all patients’ 401 

data and 1.69% of all controls’ data).  402 

 403 

3.1. Is CFS/ME/SEID-patients’ information processing slowed?  404 

In order to answer this question, mean raw reaction times (RTs) were first 405 

analyzed. In addition to a main effect of Stimulus-Type [F(3,492)=91.893; p<.001, 406 

ηp
2=.359; BF10=6.953e+41], a Stimulus Type: different response vs. same response vs. 407 

neutral vs. congruent) × 2 (Group: CFS/ME/SEID-patients vs. healthy control) standard 408 

and Bayesian omnibus ANOVA further revealed the expected main effect of group 409 

[F(1,164)=46.193; p<.001, ηp
2=.220; BF10=1.853e+7] that was also included in the 410 

Stimulus-Type × Group interaction [F(3,492)=9.89; p<.001, ηp
2=.057; BF10=5.295e+3]. 411 

This means that CFS/ME/SEID-patients showed significantly slower responding than 412 

their healthy counterparts (see Table 2S in SM for the analysis of raw RTs). Also, and 413 

importantly, while the speed of responding was correlated with the subjectively reported 414 

levels of fatigue (Table 3S in SM) in the entire sample r(164)=.446, p<.001, consistent 415 

with the latter interaction, partial correlations show this relationship only in 416 

CFS/ME/SEID-patients r(81)=.302, p<.01 but not in their healthy counterparts 417 

r(81)=.041, ns.  418 

 419 

3.2. Do CFS/ME/SEID-patients present an additional deficit in attentional 420 

selectivity?  421 
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In order to reliably assess this possibility – hinted at by the analysis of raw RTs 422 

(Table 2S in SM) – the above-mentioned omnibus ANOVAs were run again on 423 

standardized (i.e., z-scored) RTs and errors (Table 1).  424 

 425 

Table 1. Color-Identification Performance (Means, Standard Error, 95%-Confidence 426 

Intervals and Percent Errors) observed as a Function of Stimulus-Type and Group 427 

 428 
Note. nsnon-significant; °marginally significant, *significant at p < .05; **significant at p < .01; †significant at p < .001; Bayesian 429 
approach (presented after the slash): nsno evidence against an effect with BF01 value between 0-1; ns*anecdotal evidence in favor of 430 
H0 with BF10 value between 1-3; ns**moderate evidence in favor of H0 with BF10 value between 3-10. 431 
 432 

 433 

The analysis of z-RTs revealed a main effect of Stimulus-Type 434 

[F(3,492)=96.368, p<.001, ηp
2=.370, BF10=4.461e+45]. Its further decomposition 435 

revealed a significant overall Stroop effect (i.e., significant difference between DR-436 

incongruent and color congruent trials, e.g., BLUEgreen – BLUEblue; [t(164)=14.58, 437 

p<.001, BF10=1.34e+28]). This resulted from significant Stroop facilitation (i.e., 438 

difference between color-congruent and color-neutral trials, e.g., BLUEblue – DEALblue), 439 

[t(164)=5.75, p<.001, BF10=256914.928] and interference (i.e., difference between DR-440 
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incongruent and color-neutral trials, e.g., BLUEgreen – DEALgreen; [t(164)=11.51, p<.001, 441 

BF10=5.517e+19]). This latter indicator of attentional selectivity resulted itself from a 442 

joint contribution of both semantic (i.e., difference between SR-incongruent and color-443 

neutral trials, e.g., BLUEred – DEALred); [t(164)=3.70, p=.002, BF10=58.684]) and 444 

response conflict (i.e., difference between DR- and SR-incongruent trials, e.g., 445 

BLUEgreen – BLUEred; [t(164)=8.76, p<.001, BF10=2.539e+12]).  446 

However, once within- and between-group differences in information processing 447 

speed were controlled for via z-scores, this latter main effect was no longer moderated 448 

by Group as Stimulus-Type × Group interaction was no longer significant 449 

[F(3,492)=0.886, p=.448, ηp
2=.005, BF10=.042]. Contrary to past studies showing no 450 

differences between CFS/ME/SEID-patients and healthy controls (Mahurin et al., 2004; 451 

Metzger & Denney, 2002; Ray et al., 1993; Shan et al., 2018), the absence of this 452 

interaction is supported in the present study by strong Bayesian evidence (BF01 = 453 

23.809) in favor of the null, arguing clearly against the additional attentional deficit in 454 

CFS/ME/SEID-patients. Importantly, this latter result rendered the issue concerning the 455 

nature of this later deficit (i.e., general vs. specific), superfluous.  456 

The analysis of errors is unlikely to change this conclusion, as the Stimulus-457 

Type × Group interaction on errors – significant in standard frequentist ANOVA 458 

[F(3,492)=3.966, p=.008, ηp
2=.024] – was only supported by anecdotal Bayesian 459 

evidence (BF10=2.41, see SM for a detailed analysis of errors). Additionally, while the 460 

percentages of errors were weakly, but significantly correlated with the subjectively 461 

reported levels of fatigue overall r(164)=.189, p=.015, this link remained non-462 

significant in both CFS/ME/SEID-patients r(81)=.106, ns and in their healthy 463 

counterparts r(81)=.188, ns. 464 

 465 
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 466 

4. Discussion 467 

Due to numerous theoretical, methodological and statistical issues present in the 468 

existing research on cognitive functioning in CFS/ME/SEID-patients (see 2.4) – issues 469 

that a metanalysis (Aoun Sebaiti et al., 2022) of this research is unable to address –, the 470 

kind of cognitive functions that are impaired in these patients remained unclear. By 471 

addressing these different issues in a carefully designed computerized Stroop 472 

experiment (see 2.4), the data of the present study showed that the cognitive dysfunction 473 

of CFS/ME/SEID-patients is restricted to slowed information processing (see also 474 

Mahurin et al., 2004; Metzger & Denney, 2002; Ray et al., 1993; Shan et al., 2018). 475 

Indeed, in spite of appropriately powered analyses and a typical pattern of Stroop 476 

results, no differences in magnitudes of Stroop interference and its components (i.e., 477 

prima facie indicators attentional selectivity, see Algom et al., 2022; MacLeod, 1991; 478 

Parris et al., 2022) were found between CFS/ME/SEID-patients and healthy controls. In 479 

contrast to past studies showing a similar result, the absence of these difference was 480 

attested – for the first time – by the strong Bayesian evidence in favor of the null-result.  481 

Despite being seen as a prototypical inhibition task (Miyake et al., 2000) in 482 

general and in CFS/ME/SEID-research in particular (e.g., Aoun Sebaiti et al., 2022), the 483 

magnitude of Stroop interference is also largely determined by the ability to maintain 484 

the task goal (to consistently focus on the relevant dimension or stimulus; i.e., color-485 

dimension here, De Jong et al., 1999; see also e.g., Augustinova et al., 2018; Jackson & 486 

Balota, 2013; Martinon et al., 2024; Parris, 2014). Indeed, if CFS/ME/SEID-patients 487 

experienced problems with goal focus, one might expect slower responses. Recent work 488 

has shown that the magnitude of Stroop interference and its components increase as a 489 

function of response speed with slower responses producing larger effects (Martinon et 490 
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al., 2024). Thus, the finding of larger Stroop effects for CFS/ME/SEID-patients in the 491 

raw data is what would be expected to be observed in any population, including healthy 492 

populations, with similar response speed (Martinon et al., 2024). These raw data 493 

differences are thus not diagnostic of special impairments in the CFS/ME/SEID-patient 494 

population (see also Jackson & Balota, 2013; Spieler et al., 1999), as attested by the 495 

analysis of the transformed data reported above. What is left to be explained therefore is 496 

the differences in response speed. 497 

In the present study processing speed significantly positively correlated with the 498 

levels of self-reported fatigue (via the MCAS fatigue-scale) in CFS/ME/SEID-patients 499 

but not in their healthy counterparts. Given that the MCAS (Banovic et al., 2023; see 500 

also Fourgon et al., 2023) – administered before the Stroop task – measures both fatigue 501 

and its (subjectively) perceived consequences, these results challenge past reports about 502 

an impaired metacognition in CFS/ME/SEID-patients (e.g., Metzger & Denney, 2002; 503 

Maher-Edwards et al., 2011) and suggest that some metacognitive processes are 504 

preserved. Indeed, these results indicate that CFS/ME/SEID-patients are experts in the 505 

analysis of their fatigue, its levels and its possible consequences and adjust their 506 

subsequent performance – balancing speed and accuracy in the Stroop task – 507 

accordingly. Future studies need to investigate these different possibilities directly, 508 

while also monitoring several factors known to concomitantly influence fatigue, speed 509 

of processing and attention (e.g., sleep, alcohol use, medicine, nicotine etc.), that were 510 

not controlled for in the present study.  511 

Despite performing similarly to healthy controls on the selective attention 512 

requirement of the Stroop task in the present study, it is important to point out that, for 513 

an equivalent level of Stroop performance, they not only recruit typical cortical 514 
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structures9, but also (and unlike their healthy counterparts), additional subcortical 515 

structures such as amygdala, hippocampus, basal ganglia, and thalamus (Shan et al., 516 

2018). While this additional recruitment is likely to compensate for slowed information 517 

processing (Shan et al., 2018), it also remains plausible that Stroop performance of 518 

CFS/ME/SEID-patients (as compared to that of their healthy counterparts) results from 519 

different types of cognitive control. To illustrate, consider a possibility that the 520 

inhibitory abilities are indeed preserved in CFS/ME/SEID-patients (Aoun Sebaiti et al., 521 

2022), but their goal-maintenance (i.e., consistent focus on the relevant color-522 

dimension) is less efficient, namely when the fatigue level is high. In this case, it indeed 523 

remains plausible that CFS/ME/SEID-patients shift from a proactive to a reactive 524 

cognitive control strategy10 – the type of shift often observed in older adults (e.g., 525 

Braver et al., 2009). But it remains equally plausible that CFS/ME/SEID-patients 526 

compensate for their possible lower inhibitory abilities by deploying a more proactive 527 

control strategy that operates on a possibly preserved consistent focus on relevant 528 

stimuli (e.g., Djamshidian et al., 2011). Therefore, future CFS/ME/SEID-research – 529 

combining both behavioral and neural indicators – needs to address these unexplored 530 

issues of cognitive control strategies and of their possible adjustments as a function of 531 

fatigue, directly.  532 

Despite limitations discussed above along with the fact that racial/ethnic 533 

identities of the participants were not taken into account in the present study, the results 534 

reported in the present study have important implications for the empowerment of 535 

 
9 These structures include the anterior cingulate cortex, insula, frontal, parietal, and occipital regions (see 

e.g., Chen et al., 2013; Shan et al., 2018; Parris et al., 2021; van Veen & Carter, 2005). 
10 During proactive cognitive control, goal-relevant information (i.e., color-dimension here) is selected 

before the occurrence of a cognitively demanding event (i.e., color-incongruent SR or DR item), and is 

actively and consistently maintained during the Stroop task completion. During reactive mode, cognitive 

control is transiently activated only once the cognitively demanding event has occurred (i.e., color-

incongruent SR or DR item here).  
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CFS/ME/SEID-patients. Although their cognitive functioning is quantitatively (in terms 536 

of processing speed) similar to that observed in healthy ageing (Augustinova et al., 537 

2018; Burca et al., 2022; Jackson & Balota, 2013) it is not the case qualitatively. 538 

Indeed, attentional selectivity of CFS/ME/SEID-patients, unlike that of healthy older 539 

participants (Augustinova et al., 2018; Burca et al., 2022; Jackson & Balota, 2013), is 540 

either perfectly preserved or efficiently compensated for. Therefore, the first most 541 

immediate conclusion of the present paper is that neither therapeutic education nor 542 

cognitive behavior therapy can be efficiently tuned to the actual needs and/or objective 543 

attentional resources of CFS/ME/SEID-patients without disentangling between these 544 

two remaining possibilities.   545 

The second important and perhaps a more general conclusion of the present 546 

paper is that the measure of interference et of its control via current standardized Stroop 547 

is neither sufficiently precise nor sufficiently robust. This limitation is namely due to 548 

the sequential (list) presentation of Stroop items, their limited number and a frequent 549 

inclusion of a non-word baseline (but see Scarpina & Taginin, 2017 for other 550 

criticisms). Therefore, future neuropsychological research needs to carefully 551 

(re)consider relevant behavioral indicators in the Stroop task, their measure and their 552 

diagnosticity, so the more theoretically and empirically grounded inferences about the 553 

effects of any condition – including CFS/ME/SEID – on selective attention and on its 554 

components, can eventually be drawn. 555 
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Table 1. Color-Identification Performance (Means, Standard Error, 95%-Confidence Intervals and Percent Errors) observed as a Function of Stimulus-Type and 

Group 

    Patients  Controls   

Z scored RTs 

M 

CI %ER 

M 

CI %ER 

Group effect on  

z-scored RTs (SE) (SE) 

Different Response (DR) .196 

[-.038, .430] 5.03 

.242  

[.008, .477] 2.52 -.046ns/ns** 

 Color-Incongruent items (.119) (.120) 

         
Same Response (SR) .037 

[-.193, .267] 1.41 

.034 

[-.199, .269] 1.13 +.003ns/ns** 

Color-Incongruent items (.117) (.119) 

         
Color Neutral items -.059 

[-.262, .143] 1.73 

-.074 

[-.267, .119] 1.05 +.015ns/ns** 

  

(.103) (.099) 

         
Color Congruent items -.173 

[-.367, .021] 1.42 

-.203 

[-.402, -.005] 1.45 +.03ns/ns** 

    (.099) (.101) 

Amplitudes (based on z-

scored RTs) 

M 

CI 

  M 

CI 

  

Group effect  

(SE)   (SE)   

Stroop Effect .369 

[.295, .442]  

.446 

[.364, .527]  -.077ns/ns* 

(DR - Congruent) (.037) 

 

(.041) 

 

         
Facilitation Effect .114 

[.062, .166]  

.129 

[.065, .194]  -.015ns/ns** 

(Neutral - Congruent) (.027) 

 

(.033) 

 

         
Stroop Interference Effect .255 

[.195, .315]  

.316 

[.240, .393]  -.061ns/ns* 

(DR - Neutrals) (.031) 

 

(.039) 

 

         
Response Conflict .159 

[.113, .204]  

.208 

[.140, .276]  -.049ns/ns** 

(DR - SR) (.023) 

 

(.035) 

 

         
Semantic Conflict  .096 

[.036, .157]  

.108 

[.018, .198]  -.012ns/ns** 

(SR - Neutrals) (.031)   (.046)   
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Note. SE = standard error; CI = confidence interval; DR = Different-response; SR = Same-response; ns = non-significant; * = significant at p < .05; Bayesian 

approach (presented after the slash): ns = no evidence against an effect with BF01 value between 0-1; ns* = anecdotal evidence in favor of H0 with BF10 value 

between 1-3; ns** = moderate evidence in favor of H0 with BF10 value between 3-10.       
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