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Abstract  

 

Objective: Reliable assessment of cognitive functions is a challenging task in 

amyotrophic lateral sclerosis (ALS) patients unable to speak and write. We therefore 

present an eye-tracking based neuropsychological screening tool based on the 

Edinburgh Cognitive and Behavioural ALS Screen (ECAS), a standard screening tool 

for cognitive deficits in ALS. 

Methods: In total, 46 ALS patients and 50 healthy controls matched for age, gender 

and education were tested with an oculomotor based and a standard paper-and-

pencil version of the ECAS.  

Results: Significant correlation between both versions was observed for ALS patients 

and healthy controls in the ECAS total score and in all of its ALS-specific domains (all 

r > 0.3; all p < 0.05). The eye-tracking version of the ECAS reliably distinguished 

between ALS patients and healthy controls in the ECAS total score (p < 0.05). Also, 

cognitively impaired and non-impaired patients could be reliably distinguished with a 

specificity of 95%.  

Conclusion: This study provides first evidence that the eye-tracking based ECAS 

version is a promising approach for assessing cognitive deficits in ALS patients who 

are unable to speak or write. 

 

 

Keywords: Eye-tracking; Cognition; Edinburgh Cognitive and Behavioural ALS 

Screen; Amyotrophic Lateral Sclerosis; Motor Neuron Disease 
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Introduction 

 

It is well recognized that cognitive deficits play a prominent role in amyotrophic lateral 

sclerosis (ALS) with about 30% of patients exhibiting impairment, mostly in the 

domains of language, verbal fluency and executive function (1-3). These deficits in 

addition to changes in behavior like disinhibition or apathy which also occur in a small 

subset of ALS patients (2) are associated with carer burden (4), survival (5) and 

decision making regarding life-shortening and prolonging measures (6-8). Therefore, 

a regular valid assessment of cognitive functioning, especially in the context of 

clinical scenarios in which decisional capacity is of utmost importance, is essential in 

the course of the disease (9).  

The Edinburgh Cognitive and Behavioural ALS Screen (ECAS) is a widely used and 

well validated tool to screen for potential cognitive deficits among ALS patients in the 

domains of memory, visuospatial perception, language, verbal fluency and executive 

function as well as for behavioral changes (10,11). It is adapted to motor impairment, 

as it can be performed in a written or oral manner. However, in more advanced 

stages when patients lose the ability to speak or write, other techniques are needed. 

One promising approach is based on eye movements. Even though oculomotor 

impairments may occur in some patients in the course of ALS (12-14), for many 

patients it still has the potential to be a valuable tool in the detection of cognitive 

deficits. Previous studies have already proven the applicability of this approach for 

ALS patients (15-18), using different tasks of executive functioning and devices which 

require a stationary testing environment. Yet, a mobile version of a cognitive 

screening tool specifically designed for bedside use in ALS patients is still lacking. 

Therefore, the goal of this study was to provide a proof of concept for a mobile eye-

tracking screening tool based on the ECAS and to demonstrate its usefulness and 
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applicability in a sample of ALS patients. We hypothesized that the eye-tracking 

version is suitable to assess ALS patients’ cognitive performance and to robustly 

identify those with relevant impairment. 

 

 

Materials and Methods 

 

Participants 

The study was approved by the Ethics Committee of the University of Ulm 

(Reference No. 19/12) and was performed in accordance with the ethical standards 

laid down in the 1964 Declaration of Helsinki and its later amendments. All 

participants gave written informed consent to the study. Initially, 50 patients 

diagnosed with ALS according to the revised El-Escorial criteria (19) were recruited 

from the in- and outpatient clinic of the Department of Neurology, University of Ulm, 

Germany. An additional group of 50 healthy controls (HC) matched for age, gender 

and education was used for comparison. None of the participants had a history of 

any major psychiatric or neurological condition (other than ALS) and all subjects had 

normal or corrected to normal vision.  

All patients were able to complete the paper-and-pencil ECAS version. However, due 

to insufficient control over the eye-tracking device, which was not due to ALS-

dependent oculomotor impairments but rather discomfort with the unfamiliar 

technique, oculomotor recording was not possible in two patients. Additionally, one 

patient was not able to complete the eye-tracking based ECAS due to difficulties in 

task comprehension, whereas another wished to abort the experiment because of 

fatigue. Therefore, data of n = 46 patients were included in the final analyses. 

Patients’ physical impairment was assessed using the ALS functional rating scale 
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revised version (ALS-FRS) (20), affective state was measured with the ALS 

Depression Inventory 12 (ADI-12) (21) and the proposed clinical ALS disease staging 

system from Roche et al. (22) was used for further patient characterization. For 

detailed sample characteristics see Table 1. 

 

Design 

A pseudo-randomized study design similar to the one previously reported by Keller et 

al. 2015 (16) was used: To avoid sequence effects, patients and HC were each 

subdivided into two age- gender- and education-matched groups. One group 

completed the German paper-and-pencil ECAS version (23) according to standard 

procedures first, followed by the eye-tracking based version, whereas the other group 

did vice versa. Testing was scheduled to take place on the same day.  

 

Eye-tracking based ECAS 

To reduce fatiguing testing time and to make the eye-tracking based version suitable 

for oculomotor control, the German ECAS version from Lulé et al., 2015 (23) was 

modified, incorporating all five original domains (ALS-non-specific: memory, 

visuospatial perception; ALS-specific: language, verbal fluency and executive 

function). Detailed information about this version can be found in Table 2.  

Tasks were displayed on a PC presentation screen, whereas the participants gave 

their answers by directing their gaze on a separate notebook screen displaying a 

matrix composed of numbers 0 to 9 and all letters of the German alphabet. Fixation 

of gaze for 1000 ms on a number or letter initialized selection of this item. 

Participants’ eye movements were registered using the commercially available 

EyeTribe® system (The Eye Tribe Aps, Copenhagen, Denmark) connected to the 

notebook on which the matrix was displayed. Their choice was subsequently 
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recorded by in-house written software and displayed above the matrix (Figure 1). 

Following each selection, subjects had the possibility to correct their choice or were 

asked to confirm their answers for every question of the eye-tracking based ECAS. 

All answers were recorded on a separate sheet of paper by the experimenter and 

later used for calculating each subject’s domain-specific and total eye-tracking based 

ECAS score (Table 2).  

 

Statistical analysis 

Data were a priori analyzed for normal distribution using the Kolmogorov-Smirnov 

test. In order to detect group differences between ALS patients and HC, Mann-

Whitney U tests and, where appropriate, Pearson’s chi-squared tests were used. 

Spearman-Rho correlation analyses were used to determine correlation coefficients 

between the two versions. A median split on patients’ overall ECAS score in the 

standard version was performed to compare cognitively more and less impaired 

patients in the eye-tracking version. Also, performance accuracy of ALS patients and 

HC was calculated for both versions. All analyses were performed using IBM® SPSS 

Version 21.0, two-sided and the significance level was set at p < 0.050. 

 

 

Results 

 

Group comparisons 

In the standard version of the ECAS, ALS patients performed significantly worse than 

HC in the ALS-specific domains of verbal fluency (p = 0.002), executive function (p = 

0.014) and in the overall score (p = 0.001). In the eye-tracking version of the ECAS 
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they performed significantly worse in the executive function domain (p = 0.007) and 

in the overall score (p = 0.030) (Table 1).  

The median of patients’ overall performance accuracy was 82% in the standard 

version of the ECAS and 83% in the eye-tracking version. For HC it was 89% in the 

standard version and 87% in the eye-tracking version, respectively. ALS patients’ 

scores did not significantly differ between testing modalities in the ECAS overall 

score and any of its domains except verbal fluency (p = 0.001). For HC there was no 

difference in scores of any ECAS domain or the total score between testing 

modalities. 

The comparison between high and low performing patients as determined by the 

median split based on patients’ overall ECAS score in the standard version revealed 

a significant group difference in the executive function domain (p = 0.007) but no 

significant difference in the ECAS overall score (p = 0.090) of the eye-tracking 

version.  

 

Correlation analyses 

In the patient sample, Spearman-Rho correlation analyses revealed a statistically 

significant congruence between results in the standard and eye-tracking version of 

the ECAS in the domains of visuospatial perception (r = 0.379; p = 0.009), language 

(r = 0.728; p < 0.001), verbal fluency (r = 0.313; p = 0.034), executive function (r = 

0.520; p < 0.001) and in the total score (r = 0.393; p = 0.007) (Figure 2A & 2C). In the 

memory domain however, this correlation was still acceptable but did not reach the 

threshold for statistical significance (r = 0.288; p = 0.052). Similar correlations 

between the standard and eye-tracking version of the ECAS were also found in the 

HC sample in all domains (memory (r = 0.322; p = 0.023), visuospatial perception (r = 

0.374; p = 0.007), language (r = 0.543; p < 0.001), verbal fluency (r = 0.473; p = 
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0.001), executive function (r = 0.645; p < 0.001)) and in the total score (r = 0.602; p < 

0.001) (Figure 2B & 2D). There was no statistically significant association between 

physical impairment as measured by the ALS-FRS and patients’ cognitive 

performance in both ECAS versions as well as between their depressiveness as 

assessed by the ADI-12 and their performance in any domain of the two versions. 

 

Specificity and sensitivity  

Using a cut-off score for cognitive impairment in ALS patients, determined according 

to the ECAS guidelines by Abrahams et al. 2014 (10), a specificity of 95% and a 

sensitivity of 50% were found for the total score of the eye-tracking version of the 

ECAS. For the language domain of this version, specificity was 100% and sensitivity 

80%. In the verbal fluency domain, specificity was 100% and sensitivity 50%, and in 

the executive function domain, specificity and sensitivity were 98% and 33%, 

respectively.  

 

 

Discussion 

 

This study shows the feasibility and reliability of a mobile eye-tracking screening tool 

based on the ECAS which can be easily administered even at the patient’s bedside 

in a time frame of usually less than one hour. As in previous studies with healthy 

subjects (15,24,25) and ALS patients (16), there was a strong association between 

performance in both modalities of cognitive testing (oculomotor and paper-and-

pencil) with satisfying correlations between scores in all relevant domains of both 

versions of the ECAS in the healthy control and in the patient sample.  
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Results obtained with the eye-tracking based ECAS version also allowed to 

distinguish between patients and healthy controls in the domain of executive function 

and in the ECAS total score as well as between more and less cognitively impaired 

patients in the executive function domain. However, there was no significant 

difference between ALS patients and healthy controls in the other ALS-specific 

domains (language and verbal fluency). For the language domain this is not 

surprising, as in this sample there was no group difference in the standard version of 

the ECAS either. For the verbal fluency task however, in which patients performed 

significantly worse than healthy controls in the standard ECAS, this might be due to 

the testing modality: During spelling of one word with the eyes, subjects might 

additionally find time to imagine the next word already; but it could also be explained 

by the applied changes compared to the original ECAS, i.e. using only the restricted 

word generating task with subsequent weighting to reduce fatiguing testing time.  

This, of course, can be generalized to all domains that required amendments for 

oculomotor based testing. Specifically, the reduction of items in the language and 

verbal fluency domain might hamper comparability between both modalities. Yet, 

using all items of the standard ECAS would have resulted in a too time consuming 

and tedious oculomotor testing, which made this tradeoff between elaborateness and 

usability necessary. To increase the reliability of the eye-tracking paradigm we 

introduced weighting factors which ensure a score distribution equal to that of the 

standard ECAS. Given these issues, alternative approaches to assess potential 

deficits in these patients could use more simplistic, domain-specific tasks (18). 

However, our goal was to implement an oculomotor based screening tool 

encompassing a broad range of potential cognitive deficits associated with ALS and 

not a diagnostic instrument for one specific cognitive task only.  
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The very high specificity observed in the most relevant cognitive domains and in the 

ECAS total score provides evidence that the eye-tracking based ECAS version is well 

suited to identify those ALS patients with substantial cognitive impairment. Yet, the 

price for this high specificity is a rather low sensitivity and the accompanying higher 

risk for potential type II errors in some domains of this version. Whereas this 

screening instrument therefore seems to have a very low rate of false positive results, 

caution should be applied with regard to potential false negative results. Again, this 

can be tolerated as the main focus of this eye-tracking based screening tool is to 

identify those ALS patients with severe cognitive impairment. 

Due to the nature of this proof-of-principle study, no far advanced ALS patients were 

included. Even though cognitive impairment seems to be stable during the course of 

the disease (26,27) and even may precede motor symptoms (28), further studies are 

needed to investigate the cognitive status of ALS patients in advanced stages of the 

disease. Despite using a balanced pseudo-randomized order in our study design, 

there might also have been some learning effects, potentially distorting the results of 

both versions in the memory and verbal fluency domain. However, for our purposes 

this could not have been avoided. Another limitation of this approach certainly is that 

patients are required to still have sufficient eye movement control. Yet, studies have 

reported abnormalities in oculomotor control in the course of ALS (12,14,29) which 

may, especially in far advanced patients due to extended alterations in neural 

networks (30), lead to a complete loss of voluntary eye movements in the final stages 

of ALS. Future work in this field could therefore focus on developing tools based on 

brain-computer-interface control, a promising technique whose usability for these 

ALS patients has already been demonstrated in previous studies (31,32), to reliably 

assess cognitive functioning in far advanced patients (33). However, above 

mentioned considerations regarding the translation of standard neuropsychological 
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screening instruments into an eye-tracking format also apply when this modality of 

testing will be used. Furthermore, a more thorough psychometric validation of a 

specific eye-tracking version of the ECAS in a sample of healthy participants is 

needed to establish this tool for use outside research paradigms.  

In conclusion, this approach provides support that eye-tracking based techniques can 

be used as a fast and reliable method for cognitive assessment of patients unable to 

speak and write based on the ECAS, an established neuropsychological screening 

tool specifically designed for ALS, which in its standard form has already been well 

validated and widely used in different cultures and languages (10,19,34,35). 

Considering the fact that information about the cognitive status of ALS patients plays 

a crucial role in the context of therapeutic interventions and end-of-life decision 

making (6,7,9), the importance of ALS-specific hand- and speech-motor-free 

cognitive testing becomes even more apparent. 

 

 

Acknowledgments 

 

This work was funded by the Deutsche Forschungsgemeinschaft (DFG) and the 

Bundesministerium für Bildung und Forschung (BMBF #01GM1103A and 

01ED1405). This is an EU Joint Programme - Neurodegenerative Disease Research 

(JPND) project. The project is supported through the following organizations under 

the aegis of JPND – www.jpnd.eu: Germany, Bundesministerium für Bildung und 

Forschung (BMBF, FKZ), Sweden, Vetenskaprådet Sverige, and Poland, Narodowe 

Centrum Badań i Rozwoju (NCBR). 

 

 



12 
 

Declaration of interest 

 

The authors declare no competing interests. 

 

References  

 

1. Kiernan MC, Vucic S, Cheah BC, Turner MR, Eisen A, Hardiman O, et al. 

Amyotrophic lateral sclerosis. Lancet 2011;377:942–55.  

 

2. Goldstein LH, Abrahams S. Changes in cognition and behaviour in amyotrophic 

lateral sclerosis: nature of impairment and implications for assessment. Lancet 

Neurol 2013;12:368-80.  

 

3. Beeldman E, Raaphorst J, Klein Twennaar M, de Visser M, Schmand BA, de Haan 

RJ. The cognitive profile of ALS: a systematic review and meta-analysis update. J 

Neurol Neurosurg Psychiatry 2016;87:611-9.  

 

4. Burke T, Elamin M, Galvin M, Hardiman O, Pender N. Caregiver burden in 

amyotrophic lateral sclerosis: a cross-sectional investigation of predictors. J Neurol 

2015;262:1526-32. 

 

5. Elamin M, Phukan J, Bede P, Jordan N, Byrne S, Pender N, et al. Executive 

dysfunction is a negative prognostic indicator in patients with ALS without dementia. 

Neurology 2011;76:1263-9.  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Elamin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25904206
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galvin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25904206
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hardiman%20O%5BAuthor%5D&cauthor=true&cauthor_uid=25904206
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pender%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25904206
https://www.ncbi.nlm.nih.gov/pubmed/25904206
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elamin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21464431
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phukan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21464431
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bede%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21464431
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jordan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21464431
http://www.ncbi.nlm.nih.gov/pubmed/?term=Byrne%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21464431
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pender%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21464431
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardiman%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21464431


13 
 

6. Martin NA, Landau S, Janssen A, Lyall R, Higginson I, Burman R, et al. 

Psychological as well as illness factors influence acceptance of non-invasive 

ventilation (NIV) and gastrostomy in amyotrophic lateral sclerosis (ALS): a 

prospective population study. Amyotroph Lateral Scler Frontotemporal Degener 

2014;15:376–87.  

 

7. Connolly S, Galvin M, Hardiman O. End-of-life management in patients with 

amyotrophic lateral sclerosis. Lancet Neurol 2015;14:435-42.  

 

8. Böhm S, Aho-Özhan HEA, Keller J, Dorst J, Uttner I, Ludolph AC, et al. Medical 

decisions are independent of cognitive impairment in Amyotrophic Lateral Sclerosis 

(ALS). Neurology 2016;87:1737-1738. 

 

9. Khin Khin E, Minor D, Holloway A, Pelleg A. Decisional capacity in amyotrophic 

lateral sclerosis. J Am Acad Psychiatry Law 2015;43:210-7. 

 

10. Abrahams S, Newton J, Niven E, Foley J, Bak TH. Screening for cognition and 

behaviour changes in ALS. Amyotroph Lateral Scler Frontotemporal Degener 

2014;15:9-14.  

 

11. Niven E, Newton J, Foley J, Colville S, Swingler R, Chandran S, et al. Validation 

of the Edinburgh Cognitive and Behavioural Amyotrophic Lateral Sclerosis Screen 

(ECAS): A cognitive tool for motor disorders. Amyotroph Lateral Scler Frontotemporal 

Degener 2015;16:172-9.  

 

http://www.ncbi.nlm.nih.gov/pubmed/26121170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Newton%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25967542
http://www.ncbi.nlm.nih.gov/pubmed/?term=Foley%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25967542
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colville%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25967542
http://www.ncbi.nlm.nih.gov/pubmed/?term=Swingler%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25967542
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chandran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25967542


14 
 

12. Donaghy C, Thurtell MJ, Pioro EP, Gibson JM, Leigh RJ. Eye movements in 

amyotrophic lateral sclerosis and its mimics: a review with illustrative cases. J Neurol 

Neurosurg Psychiatry 2011;82:110–6.  

 

13. Sharma R, Hicks S, Berna CM, Kennard C, Talbot K, Turner MR. Oculomotor 

dysfunction in amyotrophic lateral sclerosis: a comprehensive review. Arch Neurol 

2011;68:857–61.  

 

14. Gorges M, Müller H-P, Lulé D, Del Tredici K, Brettschneider J, Keller J, et al. Eye 

movement deficits are consistent with a staging model of pTDP-43 pathology in 

amyotrophic lateral sclerosis. PLoS One 2015;10:e0142546. 

 

15. Hicks SL, Sharma R, Khan AN, Berna CM, Waldecker A, Talbot K, et al. An eye-

tracking version of the trail-making test. PLoS One 2013;8:e84061. 

 

16. Keller J, Gorges M, Horn HT, Aho-Özhan HEA, Pinkhardt EH, Uttner I, et al. Eye-

tracking controlled cognitive function tests in patients with amyotrophic lateral 

sclerosis: a controlled proof-of-principle study. J Neurol 2015;262:1918-26.  

 

17. Keller J, Gorges M, Aho-Özhan HEA, Uttner I, Schneider E, Kassubek J, et al. 

Eye-Tracking Control to Assess Cognitive Functions in Patients with Amyotrophic 

Lateral Sclerosis. J Vis Exp 2016;116:e54634. 

 

18. Proudfoot M, Menke RAL, Sharma R, Berna CM, Hicks SL, Kennard C, et al. 

Eye-tracking in amyotrophic lateral sclerosis: A longitudinal study of saccadic and 

cognitive tasks. Amyotroph Lateral Scler Frontotemporal Degener 2015;17:101-11. 

http://www.ncbi.nlm.nih.gov/pubmed/26121170


15 
 

 

19. Ludolph A, Drory V, Hardiman O, Nakano I, Ravits J, Robberecht W, et al. A 

revision of the El Escorial criteria – 2015. Amyotroph Lateral Scler Frontotemporal 

Degener 2015;16:291-2.  

 

20. Cedarbaum JM, Stambler N, Malta E, Fuller C, Hilt D, Thurmond B, et al. The 

ALSFRS-R: a revised ALS functional rating scale that incorporates assessments of 

respiratory function. J Neurol Sci 1999;169:13–21.  

 

21. Hammer EM, Häcker S, Hautzinger M, Meyer TD, Kübler A. Validity of the ALS 

Depression-Inventory (ADI-12): a new screening instrument for depressive disorders 

in patients with amyotrophic lateral sclerosis. J Affect Disord 2008;109:213-9.  

 

22. Roche JC, Rojas-Garcia R, Scott KM, Scotton W, Ellis CE, Burman R, et al. A 

proposed staging system for amyotrophic lateral sclerosis. Brain 2012;135:847-52. 

 

23. Lulé D, Burkhardt C, Abdulla S, Böhm S, Kollewe K, Uttner I, et al. The Edinburgh 

Cognitive and Behavioural Amyotrophic Lateral Sclerosis Screen: a cross-sectional 

comparison of established screening tools in a German-Swiss population. Amyotroph 

Lateral Scler Frontotemporal Degener 2015;16:16-23.  

 

24. Desideri L, Tarabelloni G, Nanni I, Malavasi M, Nori R, Bonifacci P. An eye-

controlled version of the Kaufman Brief Intelligence Test 2 (KBIT-2) to assess 

cognitive functioning. Comput Hum Behav 2016;63:502-8.  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ludolph%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26121170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Drory%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26121170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardiman%20O%5BAuthor%5D&cauthor=true&cauthor_uid=26121170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakano%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26121170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ravits%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26121170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robberecht%20W%5BAuthor%5D&cauthor=true&cauthor_uid=26121170
http://www.ncbi.nlm.nih.gov/pubmed/26121170
http://www.ncbi.nlm.nih.gov/pubmed/26121170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burkhardt%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25292386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdulla%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25292386
http://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6hm%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25292386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kollewe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25292386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Uttner%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25292386
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+edinburgh+cognitive+and+behavioural+amyotrophic+lateral+sclerosis+screen%3A+a+cross-sectional+comparison+of+established+screening+tools+in+a+German-Swiss+population.
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+edinburgh+cognitive+and+behavioural+amyotrophic+lateral+sclerosis+screen%3A+a+cross-sectional+comparison+of+established+screening+tools+in+a+German-Swiss+population.


16 
 

25. Poletti B, Carelli L, Solca F, Lafronza A, Pedroli E, Faini A, et al. An eye-tracking 

controlled neuropsychological battery for cognitive assessment in neurological 

diseases. Neurol Sci 2017; doi:10.1007/s10072-016-2807-3 (in press). 

 

26. Kilani M, Micallef J, Soubrouillard C, Rey-Lardiller D, Dematteï C, Dib M, et al. A 

longitudinal study of the evolution of cognitive function and affective state in patients 

with amyotrophic lateral sclerosis. Amyotroph Lateral Scler Other Motor Neuron 

Disord 2004;5:46-54. 

 

27. Kasper E, Zydatiss K, Schuster C, Machts J, Bittner D, Kaufmann J, et al. No 

Change in Executive Performance in ALS Patients: A Longitudinal 

Neuropsychological Study. Neurodegener Dis 2016;16:184-91.  

 

28. Mioshi E, Caga J, Lillo P, Hsieh S, Ramsey E, Devenney E, et al. 

Neuropsychiatric changes precede classic motor symptoms in ALS and do not affect 

survival. Neurology 2014;82:149–55.  

 

29. Mizutani T, Aki M, Shiozawa R, Unakami M, Nozawa T, Yajima K, et al. 

Development of ophthalmoplegia in amyotrophic lateral sclerosis during long-term 

use of respirators. J Neurol Sci 1990;99:311-9.  

 

30. Braak H, Brettschneider J, Ludolph AC, Lee VM, Trojanowski JQ, Del Tredici K. 

Amyotrophic lateral sclerosis – a model of corticofugal axonal spread. Nat Rev 

Neurol 2013;9:708-14.  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kilani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15204024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Micallef%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15204024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soubrouillard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15204024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rey-Lardiller%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15204024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dematte%C3%AF%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15204024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dib%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15204024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Philippot%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15204024
http://www.ncbi.nlm.nih.gov/pubmed/15204024
http://www.ncbi.nlm.nih.gov/pubmed/15204024
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kasper%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26613522
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zydatiss%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26613522
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schuster%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26613522
http://www.ncbi.nlm.nih.gov/pubmed/?term=Machts%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26613522
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bittner%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26613522
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaufmann%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26613522
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caga%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24336140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lillo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24336140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hsieh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24336140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramsey%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24336140
http://www.ncbi.nlm.nih.gov/pubmed/?term=Devenney%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24336140
http://europepmc.org/search;jsessionid=QRF0kqrcN6PN8NJQe0Qy.0?page=1&query=AUTH:%22Mizutani+T%22
http://europepmc.org/search;jsessionid=QRF0kqrcN6PN8NJQe0Qy.0?page=1&query=AUTH:%22Aki+M%22
http://europepmc.org/search;jsessionid=QRF0kqrcN6PN8NJQe0Qy.0?page=1&query=AUTH:%22Shiozawa+R%22
http://europepmc.org/search;jsessionid=QRF0kqrcN6PN8NJQe0Qy.0?page=1&query=AUTH:%22Unakami+M%22
http://europepmc.org/search;jsessionid=QRF0kqrcN6PN8NJQe0Qy.0?page=1&query=AUTH:%22Nozawa+T%22
http://europepmc.org/search;jsessionid=QRF0kqrcN6PN8NJQe0Qy.0?page=1&query=AUTH:%22Yajima+K%22


17 
 

31. Kübler A, Nijboer F, Mellinger J, Vaughan TM, Pawelzik H, Schalk G, et al. 

Patients with ALS can use sensorimotor rhythms to operate a brain-computer 

interface. Neurology 2005;64:1775-7.  

 

32. Gallegos-Ayala G, Furdea A, Takano K, Ruf CA, Flor H, Birbaumer N. Brain 

communication in a completely locked-in patient using bedside near-infrared 

spectroscopy. Neurology 2014;82:1930-2.  

 

33. Käthner I, Kübler A, Halder S. Comparison of eye tracking, electrooculography 

and an auditory brain-computer interface for binary communication: a case study with 

a participant in the locked-in state. J Neuroeng Rehabil 2015;12:76.  

 

34. Poletti B, Solca F, Carelli L, Madotto F, Lafronza A, Faini A, et al. The validation 

of the Italian Edinburgh Cognitive and Behavioural ALS Screen (ECAS). Amyotroph 

Lateral Scler Frontotemporal Degener 2016;24:1-10. 

 

35. Ye S, Ji Y, Li C, He J, Liu X, Fan D. The Edinburgh Cognitive and Behavioural 

ALS Screen in a Chinese Amyotrophic Lateral Sclerosis Population. PLoS One 

2016;11:e0155496.  

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Solca%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27219526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carelli%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27219526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Madotto%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27219526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lafronza%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27219526
http://www.ncbi.nlm.nih.gov/pubmed/?term=Faini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27219526


18 
 

Figure 1: Illustration of the eye-tracking version of the Edinburgh Cognitive and 

Behavioural ALS Screen (ECAS) 

 

Setup of the eye-tracking version of the ECAS including the presentation screen, on 

which the current task is displayed, and the main screen, on which the matrix to write 

the answer, composed of numbers 0 to 9 and all letters of the German alphabet, is 

presented. Participants’ eye movements are registered by the EyeTribe® device. A 

letter or number on the matrix is selected by fixating the target for 1000 ms. 

 

 

Figure 2: Correlations between performance scores of the standard and the eye-

tracking based version of the Edinburgh Cognitive and Behavioural ALS Screen 

(ECAS)  

 

Shown are the total scores of the eye-tracking (ECAS ET) and the standard (ECAS 

STD) version of the ECAS (top row) for ALS patients (A; green) and healthy controls 

(B; blue) as well as the executive function scores of both versions (bottom row) for 

patients (C; green) and healthy controls (D; blue). Additionally, the correlation 

coefficient r, as determined by Spearman-Rho correlation analyses, is given.  


	4. Burke T, Elamin M, Galvin M, Hardiman O, Pender N. Caregiver burden in amyotrophic lateral sclerosis: a cross-sectional investigation of predictors. J Neurol 2015;262:1526-32.
	5. Elamin M, Phukan J, Bede P, Jordan N, Byrne S, Pender N, et al. Executive dysfunction is a negative prognostic indicator in patients with ALS without dementia. Neurology 2011;76:1263-9.
	10. Abrahams S, Newton J, Niven E, Foley J, Bak TH. Screening for cognition and behaviour changes in ALS. Amyotroph Lateral Scler Frontotemporal Degener 2014;15:9-14.
	11. Niven E, Newton J, Foley J, Colville S, Swingler R, Chandran S, et al. Validation of the Edinburgh Cognitive and Behavioural Amyotrophic Lateral Sclerosis Screen (ECAS): A cognitive tool for motor disorders. Amyotroph Lateral Scler Frontotemporal ...
	13. Sharma R, Hicks S, Berna CM, Kennard C, Talbot K, Turner MR. Oculomotor dysfunction in amyotrophic lateral sclerosis: a comprehensive review. Arch Neurol 2011;68:857–61.
	14. Gorges M, Müller H-P, Lulé D, Del Tredici K, Brettschneider J, Keller J, et al. Eye movement deficits are consistent with a staging model of pTDP-43 pathology in amyotrophic lateral sclerosis. PLoS One 2015;10:e0142546.
	23. Lulé D, Burkhardt C, Abdulla S, Böhm S, Kollewe K, Uttner I, et al. The Edinburgh Cognitive and Behavioural Amyotrophic Lateral Sclerosis Screen: a cross-sectional comparison of established screening tools in a German-Swiss population. Amyotroph L...
	26. Kilani M, Micallef J, Soubrouillard C, Rey-Lardiller D, Dematteï C, Dib M, et al. A longitudinal study of the evolution of cognitive function and affective state in patients with amyotrophic lateral sclerosis. Amyotroph Lateral Scler Other Motor N...
	27. Kasper E, Zydatiss K, Schuster C, Machts J, Bittner D, Kaufmann J, et al. No Change in Executive Performance in ALS Patients: A Longitudinal Neuropsychological Study. Neurodegener Dis 2016;16:184-91.
	33. Käthner I, Kübler A, Halder S. Comparison of eye tracking, electrooculography and an auditory brain-computer interface for binary communication: a case study with a participant in the locked-in state. J Neuroeng Rehabil 2015;12:76.
	34. Poletti B, Solca F, Carelli L, Madotto F, Lafronza A, Faini A, et al. The validation of the Italian Edinburgh Cognitive and Behavioural ALS Screen (ECAS). Amyotroph Lateral Scler Frontotemporal Degener 2016;24:1-10.
	35. Ye S, Ji Y, Li C, He J, Liu X, Fan D. The Edinburgh Cognitive and Behavioural ALS Screen in a Chinese Amyotrophic Lateral Sclerosis Population. PLoS One 2016;11:e0155496.
	Figure 1: Illustration of the eye-tracking version of the Edinburgh Cognitive and Behavioural ALS Screen (ECAS)
	Setup of the eye-tracking version of the ECAS including the presentation screen, on which the current task is displayed, and the main screen, on which the matrix to write the answer, composed of numbers 0 to 9 and all letters of the German alphabet, i...
	Figure 2: Correlations between performance scores of the standard and the eye-tracking based version of the Edinburgh Cognitive and Behavioural ALS Screen (ECAS)
	Shown are the total scores of the eye-tracking (ECAS ET) and the standard (ECAS STD) version of the ECAS (top row) for ALS patients (A; green) and healthy controls (B; blue) as well as the executive function scores of both versions (bottom row) for pa...

