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Summary – Current computerized tools allow detailed exploration of the structure and functioning of the “black box”,
i.e., human cognitive and affective systems as well as thought. This technology was used to study the visual perception
of facially expressed emotions. Morphological transition from one canonical emotion to another led to the creation of a
continuum of intermediary pictures, and the identification of perceived emotions by 65 normal subjects was measured.
We call this application “MARIE” (in French: Méthode d’Analyse et de Recherche de l’Intégration des Émotions; Method
of Study and Analysis of Integration of Emotions). Our study examined the relationship between the quantitative
modification of the continuum and the quantitative variation of the responses. Standardization of graphs led to the
assessment of the two parameters of a Laplace-Gauss curve, i.e., mean and standard deviation. It is argued that such
a tool could be very useful in the clinical assessment of the emotional state of subjects and/or of patients. © 2002
Éditions scientifiques et médicales Elsevier SAS
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INTRODUCTION

Visual identification of facially expressed emotions is a
frequent daily activity, and the ability to recognize faces
and facial expressions is fundamental in social life
[4,14,26]. The human brain seems to be innately able
to discriminate facially-expressed emotions [19,35], and
any failure of this ability often leads to difficulties in
human relationships, especially for those people with
some psychological frailness. However, identification
of emotions is partly inferential, context-dependent
and subjective, at least for non-basic emotions. There-

fore, it is often uneasy to reach a consensus in a group of
subjects who are asked to identify facially expressed
emotions. People often express different, and some-
times opposing, viewpoints when observing the same
stimulus. This observation is true in the case of percep-
tion of the light spectrum [3], auditory perception of
phonemes [23,24], visual perception of facial identity
[2] and of facial expression of emotions [6,7,18,20].

A direct study of this subjectivity is difficult and these
processes are measured by means of (semi-) qualitative
scales. Such scales cannot be accurately designed as long
as this subjective dimension of detection by the viewer
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and/or by any control population applies. Nevertheless,
this obstacle has been partly overcome by Ekman and
Friesen [17]. Indeed, these authors identified “canoni-
cal” emotions, that is to say, a subset of emotional facial
expressions for which a consensus was observed: joy,
fear, disgust, anger, sadness, surprise and emotional
indifference (neutrality). This consensus applies across
and beyond age, race, nationality and cultural varia-
tions; when the control group is large, the consensus is
even very close to 100%. However, unanimity is never
reached. The difficulty of entirely cancelling out the
subjective component from the perception of facial
emotions probably led to the stagnation of progress in
this field, which became, in turn, detrimental to the
acknowledgment of its importance. Consequently, very
few objective measurement tools are currently avail-
able, and still less tools are apt for use in a clinical
setting.

Given the importance of emotions in both affective
and relational social life and their implication in psy-
chiatric and/or neurological conditions, the scientific
study of emotions, including their subjective dimen-
sion, is highly relevant. The aim of the present study
was to explore quantitative and measurable compo-
nents of the perception of emotions, in order to pro-
pose a method of measurement enabling the
comparisons between different groups of subjects and/or
over the evolution of a particular illness.

Over the last decade, research in cognitive psychology
[2,6,8,11,13,18,20,22,25,32,34], in cognitive neurop-
sychology [8,9], and in cognitive neuroscience [10,12]
has used computerized morphing procedures to create
continuous series of intermediate faces (morphs)
between two original faces (sources). This design was
used to study the perception of facial identity, facial
gender and, more often, facial expression. Categorical
perception of facial expressions was clearly demon-
strated and is characterized by two features: (a) while
morphs vary continuously between the two sources, the
identification response varies in a sigmoidal manner
(like a threshold function) revealing a boundary between
two categories; (b) when pairs of morphs are displayed
for same/different discrimination tasks, the response is
easier and faster when the two stimuli derive from both
sides of the boundary than when they issue from the
same side. This robust observation solved the old con-
troversy about the dimensional [29,30,33] vs categori-
cal [15,16] nature of emotions.

The present study was aimed at examining the prop-
erties of the sigmoidal curve evidenced in the identifi-

cation task, and to design a tool which would be easy to
use in a clinical context. A group of young, healthy
subjects were submitted to the procedure already
described by the authors [6,20].

MATERIALS AND METHODS

Stimuli

Our previously published tool, MARIE (Méthode
d’Analyse et de Recherche de l’Intégration des Émo-
tions ; Method of Study and Analysis of Integration of
Emotions), was used [6,20]. Method of study and
analysis of integration of emotions is a computerized
morphing program which computes the transition from
one canonical expresssion A to another given canonical
expression B (sources), by means of a continuum of 17
intermediate steps (morphs); these morphs and their
sources are displayed at random for an identification
response. Method of study and analysis of integration
of emotions has been applied to the seven basic expres-
sions (joy, sadness, fear, anger, surprise, disgust, neu-
trality) by using the photographs published by Ekman
and Friesen [17], with permission (figure 1). All AB
continua of sources are stored but, for the present
study, only neutral/sad and angry/sad continua were
selected (figures 2a, b display the series, and figure 3, a
specific morph). Therefore, the material consisted of
two series of 17 morphs each, plus the sources (size of
the pictures = 10 × 18 cm; viewing distance = 40 cm).
The selection of only these two series resulted from
pragmatic considerations (duration), given the clinical
goal of the study. In addition, it should be noted that
the neutral/sad continuum allows the evaluation of the
intensity of an emotional expression (sadness), while
the angry/sad one captures the identification of the
displayed emotion in a binary decision procedure. Table
I shows the proportional contributions of A and B,
respectively, in the computation of each morph.

In table I, it can be seen that the inter-morph step was
not constant. Indeed, it was shorter around 50% than
near the sources. The reason for this was to increase the
sensitivity of the tool around the boundary area. There-
fore, each morph (i) was characterized by a “transition
value” (Ti) computed as Ti = (2 Ti,b/100) – 1, where
Ti,b is the contribution of the source B to the morph i.
In this way, a transition value varying from -1 to +1,
with a null value for the central morph, was obtained.
The right-most column of table I shows the transition
values of the morphs.
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Subjects

Sixty-five right-handed adult subjects (43 females and
22 males), without any known current or previous
neurological or psychological pathology, were recruited.
In addition, a short psychiatric assessment was admin-

istered just before the beginning of the experimental
session, so that only subjects in a normal mood state
(according to the criteria of the DSM IV [1]) were
enrolled. Visual acuity, whether corrected or not, was
10/10. Mean age was 32 ± 8 years (median 35.8; range
20–59). Educational level was high school ± 2 years.

Figure 1. The seven emotional expressions used in the present tool (Ekman and Friesen 1975, with permission).
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Method, design and procedure

All records were anonymous, each subject being iden-
tified by a serial number. The subject was tested indi-
vidually, in a single session. The session began by the
registration of information about age, gender, handed-
ness, education, an informal assessment of medical and
ophthalmological status, as well as a psychiatric evalu-
ation. Then, the subject was asked to read aloud a short
text on the screen of the computer used for the experi-
ment in order to verify his/her normal visual acuity on
this device. Finally, the experimental part of the session
was introduced and familiarized by means of a task
identical to the experimental one, but with stimuli
resulting from the morphing of a circle with a square.

During the experimental part of the session, each
morph was displayed on the screen of a portable com-
puter (n = 38 stimuli). For each series, the 17 trials were
randomly displayed (the same random order was used

across subjects), and the series ended by the display of
the two sources (trials 18 and 19). In each trial, the
morph appeared at the center of the screen and was
flanked by two verbal labels, defining the two canonical
emotions of the series (figure 3). The subject had to
identify the perceived emotion by choosing one of the
labels, and to depress the left or right button of the
mouse according to the left or right location of the
label; this choice was mandatory and the morph
remained on the screen until the response. Let us note
that no correct (or erroneous) response was defined a
priori.

RESULTS

Measurement of subject response

For each morph of each series, table II and figure 4
display the number (and proportion) of subjects (out of

Figure 2. The angry/sad (a) and neutral/sad (b) series used in the present study.

a

b
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65) who chose the response “sad”. Even though no
error was defined a priori, some choices could be clearly
discordant, i.e., different from those of the majority of

the sample (outliers). So, for each morph i, the rate of
such mistakes (Mi%) was computed as the proportion
(in percent) of subjects who did not respond like the
majority, according to the formula Mi% = 100 min
(na,i; nb,i)/N, where na,i and nb,i are the numbers of
subjects who responded “A” and “B”, respectively, and
N the total number of subjects (N = na,I + nb,i). In this
way, Mi% was a measure of disparity and varied from 0
(unanimity) to 50 (high uncertainty, i.e., random choice
at the sample level).

We focused on the function M% = f(T), that is to say,
the disparity of choices according to the transition
value of the morphs. This relation was analyzed as an
observed probability density function and compared to
a Laplace–Gauss distribution (whose parameters are the
mean and the standard deviation). For each continuum,
the deviation from the norm was computed by compar-
ing the observed effects to the expected effects under the
hypothesis of a normal distribution, by means of non-
parametric �2 goodness-of-fit tests [31].

Results of analyses

For each continuum, the raw data (table II) were first
compared to the results theoretically expected under
the hypothesis of linearity, according to which the
number of choices “B” would be linearly related to the

Figure 3. An example of stimulus (from the angry/sad series).

Table I. Description of the material

Pictures Contribution of
A (%)

Contribution of
B (%)

Transition value
(Ti)

1 100 0 –1.00
2 90 10 –0.80
3 80 20 –0.60
4 70 30 –0.40
5 65 35 –0.30
6 62 38 –0.24
7 59 41 –0.18
8 56 44 –0.12
9 53 47 –0.06

10 50 50 0.00
11 47 53 0.06
12 44 56 0.12
13 41 59 0.18
14 38 62 0.24
15 35 65 0.30
16 30 70 0.40
17 20 80 0.60
18 10 90 0.80
19 0 100 1.00

Table II. Number (and percentage) of subjects, out of 65, who
chose the response “sad”

Pictures Neutral/sad Angry/sad

N % n %

1 0 0.0 0 0.0
2 0 0.0 1 1.5
3 3 4.6 1 1.5
4 9 13.8 6 9.2
5 10 15.4 7 10.8
6 16 24.6 6 9.2
7 20 30.8 16 24.6
8 27 41.5 23 35.4
9 35 53.8 19 29.2

10 40 61.5 28 43.1
11 46 70.8 41 63.1
12 52 80.0 46 70.8
13 59 90.8 49 75.4
14 63 96.9 55 84.6
15 63 96.9 58 89.2
16 62 95.4 63 96.9
17 65 100.0 64 98.5
18 65 100.0 65 100.0
19 65 100.0 65 100.0
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contribution of the source “B” in the morphs. Linear
regressions were first computed for each series. For the
neutral/sad series, the best fit of the observed data led to
a straight line with a slope of 3.52 and an intercept of
0.36; in this condition, 67.3% of the subjects would

perceive sadness in picture 10 (let us recall that the
neutral/sad series actually displayed variations of inten-
sity of sadness) and 50% of them would perceive sad-
ness in a virtual picture with Ti = –0.10. For the neutral/
sad series, the best fit of the observed data led to a

Figure 4. Graphical representation of the choices made by the subjects (a) neutral/sad; (b) angry/sad.

(a)

(b)
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straight line with a slope of 3.25 and an intercept of
0.05; in this condition, 47.4% of the subjects would
perceive sadness in picture 10 (let us recall that, unlike
the neutral/sad series, the angry/sad one actually dis-
played transitions between two different expressions)
and 50% of them would perceive sadness in a virtual
picture with Ti = –0.02.

However, for both series, the �2 test proved to be
significant (neutral/sad: �2

18 = 136.6, P < 0.0001;
angry/sad: �2

18 = 136.6, P < 0.0001), indicating that
linearity was not an adequate fit of the collected data.
Indeed, it can be seen in figure 4 that the distribution of
responses is much like a sigmoidal or threshold func-
tion. And accordingly, both tests were no longer signifi-
cant when the data were submitted to the hyperbolic
tangent transformation, i.e., a sigmoidal fit (neutral/
sad: �2

18 = 1.98, NS; angry/sad: �2
18 = 1.78, NS).

Figures 5a (neutral/sad) and 5b (angry/sad) display
graphically the results transformed into Mi% values
and expressed as a function of Ti. In the figures, the area
under the part of the curve situated on the left (resp.
right) side (where Ti = 0, i.e., the morph 50/50) indi-
cates the number of subjects who identified the dis-
played emotion as “A” (resp. “B”).

Descriptively, both curves look like the normal
Laplace-Gauss distribution. And indeed, this visual
impression was supported by statistical tests. A
goodness-of-fit test of normality was computed for each
graph and it was not significant in each series (neutral/
sad: �2

18 = 17.89, NS; angry/sad: �2
18 = 13.81, NS).

Thus, the series neutral/sad and angry/sad were well
accounted for by a normal law. For angry/sad, the mean
was – 0.032, very close to zero. This means that, around
the 50/50 morph, the number of subjects who per-
ceived anger was virtually identical to the number of
subjects identifying sadness: subjects easily discrimi-
nated sadness from anger along the continuum. For
neutral/sad, the mean was – 0.105. Thus, near the
50/50 morph, the number of subjects who perceived
neutrality tended to be larger than the number of
subjects who identified sadness.

The morphology of the two curves was similar, which
is reinforced by the close values of their standard devia-
tions (0.216 for neutral/sad and 0.241 for angry/sad).
The standard deviation expresses the flatness of the
curve, where a flat curve indicates a respectable rate of
difficulty for the morphs which are relatively close to a
source (or: far from the 50/50 morph). In this case, the
mean is far from the sum (mean + standard deviation).
Conversely, a peaked curve (small standard deviation)

indicates no difficulty for morphs close to a source. In
this case, the mean is close to the sum. It would be
useful to know the normal distance between the mean
and the sum, because the proximity of the observed
standard deviations (0.216 and 0.241) could be, or not,
due to chance and/or to specific characteristics of the
recruited sample. This hypothesis requires the study of
additional series of volunteers.

DISCUSSION

Subjects were shown two series of morphed emotional
expressions for identification under a forced binary
choice. The difficulty of choices progressively increased
symmetrically as the central representation (morph
50/50) was approached. This observation is in good
agreement with published reports dealing with emo-
tional facial expressions [6,7,10,12,13,18,20,34].
Moreover, such difficulty in the visual interpretation of
intermediary representations does not involve emo-
tional expressions alone, as it has been evidenced for
colors [3] and for visual identification of facial identities
[2,22,25,32]. However, in these studies, it could be
argued that decision making no longer had a binary
aspect, as several responses were allowed at each trial.
Therefore, the results of the present study could be an
effect of the binary nature of choices. Two qualifica-
tions apply, however. First, the same pattern has been
evidenced even when the identification of facial expres-
sions is not binary [34]; second, this pattern has been
observed for identification of face gender which is
obviously a binary choice [11]. Consequently, the pat-
tern of the present results was not a consequence of the
binary nature of the allowed responses.

It is interesting to focus on this binary kind of choice,
particularly on deviant responses (i.e., responses differ-
ent from those of the majority of the subjects). Such
“mistakes” can be measured individually—when a given
subject doesn’t respond as the majority does—or
collectively—as the proportion of subjects who do not
respond as the majority does. Moreover, the association
of a confidence interval (in which the effect is taken into
account) would allow to compute a general measure of
individual responses. Thus, the present design autho-
rizes an experimental measurement of “mistakes” in the
visual perception of emotions thanks to a binary, forced
choice procedure. Moreover, it can lead to a numerical
and graphical representation of “mistakes” as a function
of the well-controlled continuum of morphs.
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It would have been interesting to look for effects of
gender on the distributions. However, as female sub-
jects constituted two thirds of our sample (n = 22 males
out of 65), such an analysis was not possible, and a

complementary study is necessary to examine this spe-
cific question. However that may be, a tool as simple as
the present one can be used in a clinical context and
sufficed to replicate the published results [2,6,7,18,20].

Figure 5. Mi% as a function of Ti, for the neutral/sad (a) and angry/sad series (b).

(a)

(b)
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Thus, the originality of this study lies in the simplicity
of the procedure where the subjectivity of the subject,
and therefore the “mistake”, is the only thing taken into
account. The definition of a normalized range –1/+1 on
the x-axis (transition values of the pictures) and of a
normalized range 0/50% on the y-axis (choices) leads to
the design of a generalized graphical representation. In
addition, the use of photographs for which a transcul-
tural agreement is guaranteed [17] should make any
comparison across studies easy, including the compari-
son of samples of patients suffering from the same or
different conditions, without biases.

This standardized graphical representation was well
fitted by a normal law. “Normal” is worth noting.
Indeed, the identification of an emotional expression
by a sample can be expressed by two parameters, mean
and standard deviation, and the analysis of an emotion
is not uniquely cognitive as control subjects take indi-
vidual and personal decisions whose variations are
reflected by the standard deviation. In other words, the
interpretation of an emotion depends on both the
stimulus and the mood state of the subject. In addition,
the analysis of an emotion is simultaneously perceptual/
cognitive and affective, that is to say, the participation
in a test may induce a particular state of mood (for
instance fear, anxiety or self-control), which may modu-
late the identification of emotional expressions. None-
theless, this drawback can be turned into an advantage.
Intuitively, it can be considered that a depressive sub-
ject will overestimate sadness and underestimate joy;
and indeed, it has been shown empirically that the
affective state of the perceiver modulates his/her per-
ception of emotional stimuli [21,27,28]. So, the present
tool would make it possible to evaluate the mood state
of a subject by comparing his/her results to a baseline
derived from the responses of a healthy, euthymic,
sample.

As a final comment, it is worth considering facial
expression of physical pain. Albeit not usually consid-
ered as an “emotion”, this expression is clinically rel-
evant. Tools like the present one could offer an objective
and measurable quantification which may be useful to
evaluate the analgesic effect of treatments, for instance.
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