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Introduction 

Emotions let us approach the world we are im-
mersed in and, mainly, they enable us to mix with 
the social environment in an efficient way. Emo-
tional content recognition experience or emotional 
cues can be found in all sort of situations, and even 
in the new projects we embark; until we recognise 
the emotions a theatre play provoke us or the day to 
day situations that encourage us to express emo-
tions. In addition, emotions supply us with abilities 
that would help us to safe our life in dangerous and 
daily situations [1]. 

The robust evidence found by Ekman studies 
[2-4] has enabled the understanding of aspects that 
were unknown at the moment; as the fact that emo-
tions are universal and that the recognition of facial 
expression does not depend on the particular cul-
ture the person is in. Ekman described six basic 
emotions that are: anger, disgust, fear, happiness, 
sadness and surprise. Each emotion represents a 
concrete physiological response pattern [1]. The 
human being has the ability to recognise facial 
emotions and he accounts for a rigid, fast and auto-
matic attentional strategy. This strategy is sensitive 

to little changes in expression, which likewise are 
involuntary. Microexpressions can be displayed in 
milisenconds, they are extremely fast and it is just 
needed to detect an emotional cue in order to cor-
rectly distinguish an emotion [1,3].

Some pathologies and disorders are character-
ised by a dysfunction in the facial recognition of 
emotions [5]. The presence of disturbances in the 
emotional functions is the major cause of function-
al inability, due to the fact that the existence of dif-
ficulties in the recognition of facial emotions im-
plies an impaired relationship with the social envi-
ronment [6].

Found that people affected by multiple sclerosis 
had an inferior performance on the emotion recog-
nition on prosodic signals, and it suggested that in-
dividuals affected by multiple sclerosis could face 
difficulties at maintaining social interactions due to 
a deficit in the understanding of emotional infor-
mation [7]. We are going to study the cognitive 
functioning and the factors that may be modulating 
the facial emotions recognition in multiple sclero-
sis. This study has a cross-sectional character with 
a single measurement and it is targeting the mea-
surement of the facial emotion recognition type 

Accuracy and reaction time in recognition of facial emotions 
in people with multiple sclerosis

Pamela Parada-Fernández, Mireia Oliva-Macías, Imanol Amayra, Juan F. López-Paz, Esther Lázaro,  
Óscar Martínez, Amaia Jometón, Sarah Berrocoso, Héctor García de Salazar, Manuel Pérez

Research Team Neuro-e-motion. 
Faculty of Psychology and Education. 
University of Deusto. Bilbao, Vizcaya, 
Spain.

Corresponding author:
Dra. Pamela Parada Fernández. 
Research Team Neuro-e-motion. 
Faculty of Psychology and 
Education. University of Deusto. 
Avda. Universidades, 24. E-48007 
Bilbao (Spain).

Fax:  
+34 944 139 085.

E-mail: 
pamela.parada@deusto.es

Accepted: 
01.10.15.

How to cite this article:
Parada-Fernández P, Oliva-Macías M, 
Amayra I, López-Paz JF, Lázaro E, 
Martínez O, et al. Accuracy and 
reaction time in recognition of facial 
emotions in people with multiple 
sclerosis. Rev Neurol 2015; 61: 
433-40.

Versión española disponible  
en www.neurologia.com

© 2015 Revista de Neurología

Introduction. Facial emotional expression constitutes a basic guide in the social interaction and, thus, the alterations in its 
expression or recognition imply an important limitation for the communication. On the other hand, cognitive impairment 
and the presence of depressive symptoms, which are commonly found in patients with multiple sclerosis, it is unknown 
how they influence cognitive function and depression on emotional recognition. 

Aims. To consider the evaluation of time reaction and response accuracy of facial expression recognition in people 
affected by multiple sclerosis, and to assess the possible variables that may be modulating the emotion recognition, such 
as depression and cognitive functions. 

Subjects and methods. The study has a cross-sectional non-experimental design with a single measurement. The sample 
is compound by 85 participants, 45 diagnosed as multiple sclerosis and 40 control subjects. 

Results. Multiple sclerosis subjects reveal significant differences in both reaction time and response accuracy in neuro
psychological tests in comparison to the control group. Explanatory models were identified in the emotional recognition. 

Conclusion. Multiple sclerosis subjects face difficulties at recognising facial emotions; and differences at attention memory, 
processing speed and depressive symptomatology were observed in regard to the control group.
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and the identification of the variables that can exert 
an influence on the emotion recognition of people 
affected by multiple sclerosis, such as depression 
and cognitive functions. 

Subjects and methods

Participants

A total amount of 85 subjects participated in the 
study. From the multiple sclerosis group, 45, the 35.6% 
corresponds to men and the 64.4% to women, 
whose age was comprised between 33 and 72 years 
with a mean of 49.44 ± 9.44. In the control group 
the 50% were women and the 50% men, whose age 
was comprised between 30 and 69 years with a mean 
of 50.78 ± 10.08. This study encompasses partici-
pants affected by relapsing-remitting multiple scle-
rosis (53.3%), primary progressive multiple sclero-
sis (22.2%), secondary progressive multiple sclerosis 
(13.3%) and recurrent progressive multiple sclero-
sis (11.1%). The selection criteria for participants 
were that the participants had a multiple sclerosis 
diagnosis without visual impairment that would 
prevent them from making the tests. It was checked 
the absence of visual difficulties, the fact that they 
knew how to read and write and the lack of motor 
difficulties that would impede the participation in 
the execution of different tasks developed in the 
study (Table I).

Instruments

All participants were individually tested in a class-
room. Clinical evaluation was measured using the 
Hospital Anxiety and Depression Scale (HAD) [8]. 
This scale assesses the anxiety and depression re-
sponses of people with physical or mental diseases 
and it can also be used in general population. It 
consists of 14 items, each one showing four Likert-
style response options.

Neuropsychological evaluation was measured 
using different tests: Stroop Color and Word Test 
(Stroop) [9], which measures divided attention and 
resistance to interference. Stroke Test or Trail Mak-
ing Test [9] evaluates cognitive flexibility, divided 
visual attention, visual tracking, graphomotor skills 
and processing speed. Symbol and Digit Modalities 
Test (SDMT) [10] primarily evaluates attention, vi-
sual tracking, processing speed and visuo-motor 
speed. Finally, it is used Complutense Verbal Learn-
ing Test (TAVEC) [11], which evaluates short and 
long term memory. 

The emotion evaluation was measured using: Fa-
cial Recognition Test [12]. It assesses the ability to 
discriminate faces without the interference of a 
mnemonic component. Eye Task [13], evaluating 
complex mental states, consists of 36 photographs 
of men and women’s eyes who express a feeling or 
thought. Finally, Facially Expressed Emotion Label-
ing (FEEL) [14] measured the ability to recognize 
basic emotions (anger, disgust, fear, happiness, sur-
prise and sadness) in facial expressions, evaluating 
the reaction time and the accuracy of the response 
given. 

Statistical analysis 

The analysis of quantitative clinical and demo-
graphic variables was made through descriptive sta-
tistics (frequency, mean, median and standard de-
viation) while nominal and categorical variables were 
analysed through their frequency and percentage.

Student t-test was applied to the mean compari-
son. In turn, in order to test the influence of the dis-
tinct independent variables, it was made an analysis 
of covariance (ANCOVA). 

Finally, a stepwise multiple regression analysis 
was made as a means of providing the variables 
with an equation which relates one to each other, in 
a way that the values which represent a given vari-
able can be predicted by other variables. 

It was established a statistical significance value 
(p) of 0.05 at a 95% confidence level, and SSPS ver-
sion 2.0 was used in order to conduct the described 
analyses.

Results

Clinical evaluation

There were observed statistically significant differ-
ences when anxiety and depression indexes were 
compared between clinical and control group: anxi-
ety (t = 2.875; p < 0.05) and depression (t = 6.543; 
p < 0.05). Both showed a higher mean among the 
clinical sample, presenting the anxiety index a mean 
of 7.84 ± 4.29 (5.03 ± 4.75 for the control group) 
and revealing the depression index a mean of 7.07 ± 
3.58 (2.43 ± 2.86 for the control group)

Neuropsychological assessment

Student t-test for independent samples was used in 
order to examine the presence of statistically sig-
nificant differences between the control group and 
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the clinical one in the array of assessed neuropsy-
chological variables. As it can be observed in the 
table II, statistically significant differences were 
presented in reading speed without interference ef-
fect, divided attention and resistance to interfer-
ence. Multiple sclerosis participants proved to be 
slower than control subjects. 

On the other hand, statistically significant differ-
ences were presented in visual search, motor and 
visuospatial skills and maintained attention; being 
the clinical group slower and presenting a higher 

degree of difficulties on these areas than the control 
group. 

Finally, memory related variables indicated sta-
tistically significant divergences in the following in-
dexes: immediate recall, free recall, semantic strat-
egy, serial strategy and intrusion.

Emotion evaluation test

Face discrimination ability without the interference 
of a mnemonic component presented statistically 
significant differences (t = 0.124; p < 0.000). Clinical 
participants displayed a high error rate (46.95 ± 
3.24), so it can be deduced that they found greater 

Figure 1. Response accuracy in facial emotional recognition.

Figure 2. Response time in facial emotional recognition.

Table I. Demographic characteristics.

Multiple sclerosis 
(n = 45)

Control 
(n = 40) 

Gender
Male 16 (35.6%) 20 (50%)

Female 29 (64.4%) 20 (50%)

Civil state

Married 25 (55.6%) 27 (67.5%)

Living in union 1 (2.2%) –

Divorced 4 (8.9%) 1 (2.5%)

Separated 2 (2.2%) –

Single 13 (28.9%) 8 (20%)

Widowed 1 (2.2%) 4 (10%)

Years of 
schooling

6 years 14 (31.1%) 9 (22.5%)

12 years 16 (35.6%) 13 (32.5%)

14 years 6 (13.3%) 5 (12.5%)

15 years 4 (8.9%) 9 (22.5%)

17 years 5 (11.1%) 4 (10%)

Occupation

Salaried 7 (15.6%) 22 (55%)

Self-employed – 2 (5%)

Unemployed – 7 (17.5%)

Jubilee 5 (11.1%) 7 (17.5%)

Housework 3 (6.7%) 1 (2.5%)

Students – 1 (2.5%)

Disabled 30 (66.7%) –

Psychological 
support

Yes 31 (68.9%) –

No 14 (31.1%) –

	 Fear	 Happiness	 Anger	 Sadness	 Surprise	 Disgust

Control

Control

Clinical

Clinical

	 Fear	 Happiness	 Anger	 Sadness	 Surprise	 Disgust
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difficulties at recognising faces. They incurred in more 
errors when they gave a correct response, in com-
parison to the control group (49.20 ± 3.10).

The evaluation of facial expression recognition 
through eye gaze shows statistically significant dif-
ferences in correct responses (t = –6.254; p < 0.000), 
presenting the control group a higher degree of this 
kind of responses (25.05 ± 3.42) than the clinical 
group (19.20 ± 5.11). 

Statistically significant differences were also ex-
hibited in response accuracy when the facial recog-
nition of static emotions was considered: fear (t = 
–2.523; p < 0.000), happiness (t = –2.726; p < 0.000), 
surprise (t = –3,591; p < 0.000), disgust (t = –4.403; 
p < 0.000), sadness (t = –3.103; p < 0.000), and an-
ger (t = –4.942; p < 0.000) (Fig. 1). 

Reaction times did also show statistically sig-
nificant divergences between clinical and control 
groups among the following basic emotions: fear 
(t = 3.817; p < 0.000), happiness (t = 3.213; p = 
0.001), surprise (t = 3.802; p < 0.000), disgust (t = 
3.508; p = 0.001), sadness (t = 3.777; p < 0.00) and 
anger (t = 5.062; p < 0.00). Control subjects proved 
to be much faster than multiple sclerosis partici-
pants in the facial emotion recognition test by static 
photographs (Fig. 2).

In order to confirm that age and gender did not 
have an effect on emotion recognition scores, the 
analysis was repeated including verbal ability and 
age as covariates. Firth, using age as covariate result 
revealed that age were not significant predictor of 
emotion recognition scores and it did not moderate 
the effects. So, differences are found in the same 
variables (Table III). 

Secondly, using gender as covariate result re-
vealed that gender were not significant predictor of 
emotion recognition scores and it did not moderate 
the effects. So, differences are found in the same 
variables (Table IV).

In order to identify the variables that may be ex-
erting an influence in the facial emotional recogni-
tion of people diagnosed as multiple sclerosis it was 
considered to made a stepwise multiple linear re-
gression analysis; there were regarded the variables 
used in the multiple sclerosis clinical group (de-
pression, anxiety, gender, academic level, number 
of years since the disease was first diagnosed, words 
and colours naming ability, divided attention, resis-
tance to interference, cognitive flexibility, visual at-
tention, visual tracking, processing speed, eye-hand 
speed, short term memory, complex mental states 
and face discrimination without a mnesic compo-
nent). The variables that had a lower weight in ac-
cordance to its variance were eliminated so as to 
define the most appropriate model to explain the 
existent relationship between the studied variables. 
Distinct models which try to explain the equation 
were identified; being the first one read colour 
(F(1,43) = 49.776; p < 0.001), types of multiple sclero-
sis (F(2,42) = 32.968; p < 0.001), short term free recall 
(F(3,41) = 25.731; p < 0.001) and middle region the 
third (F(4,40) = 22.497; p < 0.001). The best explana-
tory model is the latter, as read colour, types of scle-

Table II. Mean differences between multiple sclerosis and control subjects regarding the neuropsycholo-
gical variables.

Multiple sclerosis Control
t-Student p

Mean SD Mean SD

Read word 83.33 24.65 116.03 14.44 –7.555 < 0.000 b

Read color 53.98 18.38 82.08 15.02 –7.745 < 0.000 b

Word color 31.09 23.73 56.35 18.27 –7.307 < 0.000 b

Word color Prima 34.00 18.36 48.16 6.73 –4.589 < 0.000 b

Trail Making Test A 91.47 60.20 36.73 11.16 5.985 < 0.000 b

Trail Making Test B 169.80 114.85 53.20 18.64 6.711 < 0.000 b

Symbol and Digit Modalities Test 25.78 13.21 48.65 13.26 –7.948 < 0.000 b

First trial immediate recall 4.80 1.32 7.93 2.74 –6.545 < 0.000 b

Fifth trial immediate recall 9.00 2.62 12.63 3.19 –5.680 <0.003 a

Five trials total words 37.49 9.00 53.73 15.80 –5.722 < 0.000 b

Free recall list B 4.51 1.56 8.38 3.69 –6.150 < 0.000 b

Middle region 16.73 12.84 26.25 8.65 –3.955 < 0.000 b

Immediate recall  
semantic strategy list A

6.60 5.87 22.60 15.15 –6.271 < 0.000 b

Immediate recall  
semantic strategy list B

0.87 1.17 2.23 2.60 –3.153 < 0.000 b

Short term free  
recall semantic strategy

2.38 2.48 5.90 4.05 –5.157 < 0.000 b

Immediate recall serial strategy A 3.02 3.95 3.53 4.52 –0.542 < 0.000 b

Immediate recall serial strategy B 0.47 0.72 0.83 1.10 –1.741 < 0.000 b

Short term free recall serial strategy 0.27 5.80 0.50 1.53 –0.947 < 0.000 b

Free recall intrusion 1.59 1.88 5.70 1.24 1.824 < 0.001 b

SD: standard deviation. a p ≤ 0.05; b p ≤ 0.01.
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rosis, short term free recall and middle region ex-
plains a percentage of 69.2%.

As it can be observed in table V, standard coeffi-
cients point that read colour increases 0.526 for 
each unit of the independent variable, while types 
sclerosis one of 0.298. On the contrary, short term 
free recall offers a score of 0.285 for each unit, and 
middle region one of –0.207.

Discussion

The objective of the present study was the identifi-
cation of cognitive functioning, the variables that 
could be exerting an influence in the facial emo-
tional expression recognition adequate execution 
and the reaction time, through static faces photo-
graphs in people diagnosed as multiple sclerosis 
and a control group. Because of that, the results ob-
tained by both groups were compared.

The studies which have looked into chronic dis-
eases relate them to a significant prevalence of de-
pression and anxiety symptoms, especially due to 
the own characteristics of the diseases, its unpre-
dictable evolution and its influence on the different 
subsystems; which makes them much more pre-
dominant [15]. Just as these researchers, in the 
present study we can observe significant differences 
in the obtained scores in depression and anxiety 
questionnaires, in comparison to the control group. 
So, people with multiple sclerosis are more prone 
to suffer from mood disorders; although it must be 
pointed that despite the existence of significant dif-
ferences the obtained scores are not particularly 
high points that there is a high prevalence of de-
pression among people diagnosed as multiple scle-
rosis, taking into account the huge impact the dis-
ease has on different subsystems; such as working, 
social, familiar or personal level [16]. The signifi-
cant differences found are supported [17,18], who 
identified a slower pattern of response on atten-
tional task execution in comparison to clinical sub-
jects. There has been also supported the specific 
alteration of some processes presented in people 
with multiple sclerosis observed in the present 
study. People diagnosed as multiple sclerosis dis-
play a worse performance in comparison to con-
trols in tasks which require a greater deal of effort, 
such as maintained attention, multiple-stimuli or 
multiple-response tasks [18-20]. They show diffi-
culties for attention and concentration which fa-
vour the obtaining of worse results in memory tasks 
in comparison to control subjects. In addition, dif-
ferent cognitive functions seem to be altered in the 

multiple sclerosis (attention, verbal fluency, abstract 
reasoning, visual-spatial perception, problem solv-
ing and concept formation, working memory and 
data processing speed). [21]. Nieto et al [22] noted 
an alteration at the immediate memory level, while 
Rao et al [23] found short term and long term mem-
ory affection, in addition to learning alterations, af-
fecting both verbal and nonverbal faculties.

Our study shows a significant relationship be-
tween cognitive functions and facial emotional rec-
ognition. Multiple sclerosis participants were less 
accurate at recognising basic emotions in compari-
son to the control group, taking a longer reaction 
time. Consequently, task accomplishment takes a 
longer period for them than for controls. This view 
is supported [24-26], who found that multiple scle-
rosis subjects displayed a facial emotion recogni-
tion deficit. This data is related to the processing 
speed. Nordahl [26] mention a relationship between 
white matter and facial emotion recognition deficit. 
According to other study [27], a great percentage of 
the white matter deterioration explains for the cog-

Tabla III. Significant differences between control 
and multiple sclerosis groups when age variable is 
controlled.

F p a

Total accuracy 49.835 < 0.000

RA anger 28.169 < 0.000

RA sadness 11.902 < 0.001

RA fear 23.706 < 0.000

RA surprise 12.727 < 0.001

RA happiness 7.410 < 0.008

RA fear 9.261 < 0.003 

RT anger 27.590 < 0.000

RT sadness 14.044 < 0.000

RT disgust 12.133 < 0.001

RT surprise 14.148 < 0.000

RT happiness 10.125 < 0.002

RT fear 14.180 < 0.000

RA: response accuracy; RT: reaction time. a p < 0.01.

Table IV. Significant differences between control 
and multiple sclerosis groups when gender varia-
ble is controlled.

F p a

Total accuracy 40.063 0.000

RA anger 24.654 0.000

RA sadness 10.263 0.002

RA fear 19.474 0.000

RA surprise 12.727 0.001

RA happiness 7.784 0.007

RA fear 7.208 0.009

RT anger 26.571 0.000

RT sadness 13.669 0.000

RT disgust 11.183 0.001

RT surprise 13.523 0.000

RT happiness 9.751 0.002

RT fear 13.956 0.000

RA: response accuracy; RT: reaction time. a p < 0.01.
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nitive functioning performance, primarily observed 
in front subcortical functions. This point is ex-
plained by Filley [28], who mentions that the dam-
aged white matter would provoke, mainly, a slow-
down in the communication between the distinct 
neural network areas; involving basic functions such 
as emotion understanding. It is known that facial 
emotion recognition implies a complex neural sys-
tem that involves areas in the like of frontal and 
temporal ones [29]. Other investigators [30] refers 
to the existence of a neuroanatomical connection 
between white matter and the cerebral cortex which 
has such an importance that it involves the adequate 
recognition of facial emotional expressions. In this 
line, the studies [31,32] refer to the fact that people 
who experienced a traumatic brain injury display 
real difficulties at recognising facial emotions. 
Among multiple sclerosis patients, both cognitive 
impairments and emotion recognition are thought 
to be related to lesion distribution or brain atrophy 
[33]. Some studies support the hypothesis which 
states that the integration of frontotemporal and 
temporoparietal circuitries is involved in the theory 
of mind. Main networks were found in the superior 
posterior temporal sulcus, temporal parietal junc-
tion, temporal pole, medial prefrontal cortex, ante-
rior cingulated cortex, orbitofrontal cortex and infe-
rior parietal lobe, as well as in the amygdala. In ad-
dition, premotor and parietal regions must also be 
highlighted, as components of the mirror neuron 
system [34]. FMRI studies show that recognition of 
facial expression emotions is constructed by differ-
ent processes: initial visual perception, emotional 
state activation through somatic representation, 
socio-environmental context evaluation, decision 
making on social meaning, and the adjustment of 
possible responses [33]. In the current study it is 
found that read colour, types of multiple sclerosis, 

short term free recall and middle region are able to 
modulate the emotional recognition. 

It is known the existence of relevant information 
which points that attention, executive functioning 
and memory could modulate the stimuli with an 
emotional load. Furthermore, emotional stimuli 
could intervene in memory and emotional states, as 
well as in executive functions [35].

Finally, it must be mentioned that the present 
study has some limitations that have to be observed; 
firstly, the level of disability of the people affected 
by multiple sclerosis was not assessed, which could 
be an important variable to be taken into account 
by future research related to the recognition of fa-
cial emotions. Secondly, it would be advisable to 
test if alexithymia exerts any influence on the emo-
tional recognition of people affected by multiple 
sclerosis. On the one hand, as it can be observed in 
several studies, the scientific literature highlights 
that alexithymia may have a big impact on patients 
self-perception, emotion regulation, behavioural 
control and interaction with others [36]. On the 
other hand, however, some studies point that there 
is no relationship between the pathology and the 
mentioned variables, and that alexithymia would 
not be able to predict such factors [37]. Consequent-
ly, a clear definition of these findings comes as an 
important factor. Thirdly, it was regarded the medi-
cation taken by the affected participants and signif-
icant differences were not found. In spite of that, 
we reckon that future researches should pay partic-
ular attention to the fatigue of the participants, 
which may exert an influence on the execution of 
different tasks.
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Precisión y tiempo de reacción en el reconocimiento de emociones faciales en personas con esclerosis múltiple

Introducción. La expresión facial emocional constituye una guía básica en la interacción social y, por lo tanto, las alte-
raciones en su expresión o reconocimiento implican una limitación importante para la comunicación. Por otro lado, el 
deterioro cognitivo y la presencia de síntomas depresivos, que se encuentran comúnmente en los pacientes con esclerosis 
múltiple, no se sabe cómo influyen en el reconocimiento emocional. 

Objetivo. Considerar la evaluación del tiempo de reacción y precisión en la respuesta de reconocimiento de expresiones 
faciales de las personas afectadas por esclerosis múltiple y valorar las posibles variables que pueden modular el reconoci-
miento de emociones, como la depresión y las funciones cognitivas. 

Sujetos y métodos. El estudio tiene un diseño no experimental transversal con una sola medición. La muestra está com-
puesta por 85 participantes, 45 con diagnóstico de esclerosis múltiple y 40 sujetos control. 

Resultados. Los sujetos con esclerosis múltiple revelaban diferencias significativas tanto en el tiempo de reacción y la 
precisión de respuesta en pruebas neuropsicológicas en comparación con el grupo control. Se identificaron modelos ex-
plicativos en el reconocimiento emocional. 

Conclusión. Los sujetos con esclerosis múltiple se enfrentan a dificultades en el reconocimiento de emociones faciales, y 
se observaron diferencias en la memoria, atención, velocidad de procesamiento y sintomatología depresiva en relación 
con el grupo control.

Palabras clave. Depresión. Funciones cognitivas. Precisión de respuesta. Reconocimiento facial de emociones. Tiempo de 
reacción.


