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Development and validation of an Argentine set of facial expressions of
emotion
Marcelo Vaiman, Mónica Anna Wagner, Estefanía Caicedo and Germán Leandro Pereno

Cognitive Psychology Laboratory, Faculty of Psychology, National University of Córdoba, Cordoba, Argentina

ABSTRACT
Pictures of facial expressions of emotion are used in a wide range of experiments. The
last decade has seen an increase in the number of studies presenting local sets of
emotion stimuli. However, only a few existing sets contain pictures of Latin
Americans, despite the growing attention emotion research is receiving in this
region. Here we present the development and validation of the Universidad
Nacional de Cordoba, Expresiones de Emociones Faciales (UNCEEF), a Facial Action
Coding System (FACS)-verified set of pictures of Argentineans expressing the six
basic emotions, plus neutral expressions. FACS scores, recognition rates, Hu scores,
and discrimination indices are reported. Evidence of convergent validity was
obtained using the Pictures of Facial Affect in an Argentine sample. However,
recognition accuracy was greater for UNCEEF. The importance of local sets of
emotion pictures is discussed.
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Emotional facial expression stimulus sets

Facial expressions of emotion are used as stimuli in
studies from a wide range of fields, such as cognitive
psychology, artificial intelligence, and neuroscience.
Since each field has different needs with regard to
their stimuli, these can vary on multiple dimensions,
for example: whether they are static (pictures) or
dynamic (videos), eye gaze direction, head orientation,
how much of the face and/or body is pictured, or
characteristics inherent to the models expressing the
emotions, such as age, sex, and ethnicity. The last
one is relevant in light of the discussion on the so-
called in-group advantage for emotion recognition
(e.g., Beaupré & Hess, 2005; Biehl et al., 1997; Elfenbein
& Ambady, 2002; Jack, Garrod, Yu, Caldara, & Schyns,
2012; Matsumoto, 2002) according to which individ-
uals more accurately recognise emotions when
expressed by members of their own cultural group
versus members of another group.

Since the last decade the number of studies pre-
senting local sets of pictures of facial expressions of
emotion has increased (for an overview of the existing
sets, see Table 1). However, to our knowledge, only a

few current sets contain pictures of Latin Americans
(e.g., Gur et al., 2002; Tottenham et al., 2009). This
gap is particularly notable considering that a recent
bibliometric study (Jeanneret, Rego, Oña, Vaiman, &
Pereno, 2015) found that 4% of articles published on
facial expressions of emotion in the last five years
were from Latin American countries. Stimulus sets
that do include models from this population usually
refer to them with the general term “Hispanics”.
Although Latin American countries share a language
and geographical area, like many large regions, each
community has distinct physiognomic features,
which are a product of different sociocultural and
genetic influences (del Sol, 2006). The racial heritage
of Argentina, for example, is the result of a large
wave of immigration, mostly from Italy and Spain,
which joined the native indigenous peoples who
inhabited the territory (Magrassi, 1999; for genetic evi-
dence, see Corach et al., 2010).

To date, emotion studies carried out in Latin America
have mainly used the Pictures of Facial Affect (POFA;
Ekman & Friesen, 1976), a set of pictures of North Amer-
icans expressing the six basic emotions. However, a
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study (Vaiman, Caicedo, & Pereno, 2011) in which this
set was administered in Argentina yielded recognition
rates lower than those found in the USA in Ekman
and Friesen’s (1976) original study. Thus, a local set of
emotion pictures is necessary. Here we present the
development and validation of a set of pictures of
Argentine models expressing the basic emotions,
which we refer to as the Universidad Nacional de
Cordoba, Expresiones de Emociones Faciales (UNCEEF).

Study 1. Stimulus development

The first aim of this project was to obtain a set of pic-
tures of emotions as expressed by Argentineans. The
target expressions were the prototypes and major var-
iants of the six basic emotions as defined by Ekman,
Friesen, and Hager (2002b). To this end, the Facial
Action Coding System (FACS; Ekman & Friesen, 1978;
Ekman, Friesen, & Hager, 2002a) was used. FACS is an
anatomically based system for coding facial behaviour
that has been used as an objective method to create
standardised stimuli for emotion studies. However, it
has been suggested that posed emotions may not be
identical to authentic expressions (e.g., Naab &
Russell, 2007; Russell, 1994). To address these concerns,

two strategies were used to elicit emotions: emotion
induction and FACS-guided posing.

Method

Pre-session
Male and female individuals were recruited to an
“audition” where their ability to produce facial
expressions of emotion was evaluated. Those who
demonstrated a greater ability to express emotions
were invited to participate in the photo shoot. Face
models were informed about the general aim of the
project, as well as the specific procedure, then
signed the informed consent document permitting
the use of their pictures for research purposes.

Participants
Fourteen models (8 males and 6 females) between the
ages of 18 and 44 (M = 25.53, SD = 8.72) participated in
the photo shoot. Models were all Argentine citizens
and residents with mainly Southern European
(Spanish and Italian), but also Western (French) and
Eastern (Polish and Russian) European and West
Asian (Lebanese and Syrian) ancestry, reflecting the
ethnic diversity of Argentina.

Table 1. Examples of the existing face databases, their features, and hit rates

Name Authors (year) Ethnicities models Emotions evaluated (hit rates)

Pictures of Facial Affect (POFA) Ekman and Friesen (1976) Caucasian Happiness (.99), sadness (.89), fear (.88),
anger (.89), surprise (.92), and disgust (.92)

Japanese and Caucasian Facial
Expressions of Emotion/Japanese and
Caucasian Neutral Faces (JACFEE/
JACNeuF)

Matsumoto and Ekman
(1988)

Caucasian and
Japanese

Happiness (.98), sadness (.88), fear (.67),
anger (.80), surprise (.91), disgust (.76), and
contempt (.79)

Karolinska Directed Emotional Faces
(KDEF)

Lundqvist, Flykt, and Öhman
(1998); validation study:
Goeleven et al. (2008)

Caucasian Happiness (.93), sadness (.77), fear (.43),
anger (.79), surprise (.77), disgust (.72), and
neutral (.63)

NimStim Set of Facial Expressions Tottenham et al. (2009) African-, Asian-,
European-, and Latin
American

Happiness (.99), sadness (.59), fear (.74),
anger (.96), surprise (.86), disgust (.93), calm
(.81), and neutral (.86)

University of California, Davis, Set of
Emotion Expressions (UCDSEE)

Tracy et al. (2009) Caucasian and African Happiness (.94), sadness (.80), fear (.51),
anger (.74), surprise (.92), disgust (.81),
embarrassment (.61), pride (.89), and shame
(.47)

Radboud Faces Database Langner et al. (2010) Dutch Caucasian Happiness (.98), sadness (.80), fear (.83),
anger (.85), surprise (.90), disgust (.81),
contempt (.53), and neutral (.84)

FACES Ebner, Riediger, and
Lindenberger (2010)

Caucasian Happiness (.96), sadness (.73), fear (.81),
anger (.81), disgust (.68), and neutral (.87)

Amsterdam Dynamic Facial
Expression Set (ADFES)

van der Schalk et al. (2011) North-European and
Mediterranean

Happiness (.91), sadness (.82), fear (.84),
anger (.88), surprise (.89), disgust (.86),
contempt (.68), embarrassment (.74), and
pride (.69)

Penn Emotion Recognition Task Gur et al. (2002) Caucasian, African
American, Asian, and
Hispanic

Happiness (.96), sadness (.74), fear (.63),
anger (.53), disgust (.56), and neutral (.76)
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Procedure and materials
Photo shoot. The models wore plain white T-shirts
and stood in front of a neutral blue background.
Models were asked to pull their hair back, if it
covered part of their face. All the photographs were
taken head on and from the shoulders up. High-
quality digital photographs were taken using a 10-
Mpx Nikon D3000 camera equipped with flash (1500
WS). All the pictures were in colour mode sRGB.

Instruction. The models were told that they would be
photographed several times, expressing different
emotions. They were instructed to look straight
ahead into the camera lens. Throughout the session,
the researchers continuously coached the models,
giving them instructions and feedback on their
expressions. Facial expressions of emotion were eli-
cited in two stages. The first phase aimed at inducing
each emotion by triggering its subjective experience.
Models were instructed to display each facial
expression as intensely as possible, while maintaining
its natural look. To this end, they were asked to think
of and re-experience a situation in their personal past
in which they had felt the emotion and to display it. To
warm up, the session started with neutral facial
expressions followed by anger, sadness, disgust, hap-
piness, anger, and, finally, fear.

In the second phase the models received instruc-
tions on how to express each emotion based on the
directed facial action task (Ekman, 2007; Levenson,
Carstensen, Friesen, & Ekman, 1991). For each
picture, a researcher stood in front of the model,
coaching them until the target expression was
obtained. Models were offered a mirror in order to
help them target the desired action units (AUs).
Target expressions consisted in prototypical and
major variants of each emotion at different intensities,
as specified in Ekman et al. (2002b; Ekman, 2007; see
Table 2 for a summary). On average, 30–40 pictures
were taken per model.

Validation of the UNCEEF database

Study 2. FACS verification

In the first study, pictures of facial expressions of
emotion were obtained by inducing and posing proto-
typical and major variants of AU configurations of
each emotion. The aim of the present study was to
obtain content-based evidence of validity (American
Educational Research Association, American Psycho-
logical Association, & National Council on Measure-
ment in Education, 1999). In order to achieve this,
the best pictures from the photo shoot were FACS
scored by experts and only those containing the
target AUs were retained.

Method

The pictures from the photo shoot were pre-screened
by the authors to select those that most corresponded
to the targeted expressions in terms of AUs (see
Table 2). The selected pictures were then coded by
external certified FACS coders1 to insure objectivity.
Of all the pictures obtained from the photo shoot,
359 were submitted for codification.

One certified FACS coder undertook the full FACS
coding of all 359 pictures, including intensity ratings.
Then two more certified FACS experts randomly
coded 10% of the photographs in order to assess
the inter-rater reliability according to the formula pro-
vided by Ekman et al. (2002b). An inter-rater reliability
coefficient of .87 was obtained, exceeding the stan-
dard of .70. Finally, the coders discussed the scores
until reaching 100% agreement. Only those AUs com-
pletely agreed upon were included in the final FACS
scores for the pictures.

Next, the pictures which best represented the pro-
totypes and their major variants of each emotion
according to Ekman et al. (2002b; Ekman, 2007) were
retained. The selection criteria were that the pictures:
(1) include AUs essential to a prototype or major
variant of the target emotion and (2) exclude AUs
not relevant to the target emotion, especially AUs
essential to other emotions (Ekman, 2007; Rosenberg
& Ekman, 1995). An attempt was made to include
different versions and intensities of each emotion.

Results

Of the 359 original pictures sent for FACS coding,
100 were selected based on the concordance

Table 2. Targeted AU configurations for each emotion

Emotion FACS scores

Happiness 6+12 + [25 AND/OR 26]
Sadness 1 + 4 + 15 + [17]
Fear 1 + 2 + 4 + 5 + [20] + [25 AND/OR 26/27]
Anger 4 + 5 + 7 + [17] + 23/24
Disgust 9/10 + [16/17] + [25 AND/OR 26]
Surprise 1 + 2 + 5AB + [25 AND/OR 26/27]

Note: Targeted configurations were based on the prototypical
expressions and their major variants presented in Ekman et al.
(2002b) and Ekman (2007). Letters refer to AU intensity.

COGNITION AND EMOTION 3

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l I
ns

t o
f 

In
te

lle
ct

ua
l P

ro
pe

rt
y]

 a
t 0

7:
13

 2
3 

O
ct

ob
er

 2
01

5 



between their FACS scores and the target expression
of that emotion. Of the 100 FACS-verified pictures,
16 were of happiness, 15 sadness, 12 fear, 15
anger, 15 surprise, 16 disgust, and 15 neutral. Fur-
thermore, 20 were naturally posed and 80 were
obtained by the directed facial action task. At least
one picture of each of the initial 14 models
remained.

Discussion

For some emotions, it was difficult to find “pure”
expressions. For example, happy expressions often
included AU 7, AU 5 often exceeded the maximum
intensity (B) indicated for surprise, and fear
expressions often lacked AU 2. In these cases, care
was taken that the extra AUs were not critical to
any other emotions. Furthermore, as Ekman et al.
(2002b) note, exhaustive empirical evidence for the
AUs corresponding to each emotion is lacking, par-
ticularly for the distinction between surprise and fear
and the lower face AUs for sadness. Therefore, in the
following study we put the pictures to the test by
asking participants to judge what emotion each
picture expresses. This way, the set could have an
additional source of validity.

Study 3. Hit rates and discrimination
indices

Emotion researchers often need stimuli of varying
levels of difficulty. Therefore, while all pictures
should be reliably recognised, we also wished to
include diversity in our set, with pictures that are
more or less difficult to decode. Moreover, pictures
of facial expressions of emotion are often used for
diagnostic purposes where emotion recognition is
evaluated. Thus, an index of the ability of a picture
to discriminate between the people with the most
and least ability to recognise emotions is also valuable.
To this end, we also evaluated the discriminative
power of the pictures by calculating their discrimi-
nation indices. The aim of the present study was there-
fore to select pictures that were relatively highly
recognisable, but that also demonstrated high discri-
minative power.

Method

Participants
The non-probabilistic accidental sample consisted of
466 students (77% female and 23% male) from the
Faculty of Psychology at the National University of
Cordoba, Argentina, between the ages of 16 and 39
(M = 20.29, SD = 4.33).

Measure
The 100 pictures selected in the previous study were
administered. In order to improve the quality of the
pictures and produce greater uniformity, the pictures
were edited (e.g., retouched and colour-matched)
using the GNU Image Manipulation Program (GIMP).
In addition, the pictures were resized to 2126×2244
pixel resolution and saved in JPEG format.

The set was divided into two sub-sets, presented
with a break in between, to prevent fatigue. All of
the pictures of each encoder were presented in the
same sub-set and each sub-set was equivalent in the
total number of pictures, number of pictures per
emotion, and number of male and female encoders
(or as close as possible). Within each sub-set, the pic-
tures were presented in random order, identical for
all of the participants. The pictures were shown in a
PowerPoint presentation. Each picture was presented
for five seconds, followed by a blank screen during
three seconds. The pictures were numbered according
to their order of appearance and this number was pre-
sented both visually and auditorily during the same
slide as the picture. The stimuli were projected onto
a large 300 cm × 220 cm screen.

Procedure
The pictures were administered collectively, although
participants were instructed to complete the task indi-
vidually, responding on a sheet of paper. For each of
the 100 pictures, participants were instructed to
decide which emotion, if any, they thought was
being expressed, choosing the emotion that best
matched the emotion expressed by the person in
the picture. They were given the response options of
anger, disgust, fear, happiness, sadness, surprise, no
emotion, and other,2 which included a blank space
where participants could respond in an open ended
manner. The “other” and “no emotion” options were
included since concerns have been raised about the

1The FACS coding was carried out by the Zurich Interaction and Expression Lab, Department of Psychology, University of Zurich, Switzerland.
2Options were presented in Spanish as enojo, asco, miedo, alegría, tristeza, sorpresa, ninguna, and otro, respectively. These labels were chosen
following prior studies finding them optimal (Vaiman et al., 2011).
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traditional forced-choice response method (e.g., Frank
& Stennett, 2001; Russell, 1994).

Results

Recognition rates were obtained by first designating
responses as correct or incorrect. “Other” responses
considered synonyms of the target emotion (e.g., joy
for happiness) were counted as correct responses.
Other responses that did not include an alternative
or were not considered synonyms (e.g., doubt for
any emotion), responses left blank, along with non-
target emotion responses, were all considered incor-
rect. Recognition rates were then calculated as the
proportion of correct responses or “hits” for each
photograph. The data of 30 participants were
excluded from the analyses for presenting recognition
rates < = 3.29 SDs overall or in more than three
emotions (Tabachnick & Fidell, 2001).

Since hit rates do not take into account judge
response bias, we also calculated unbiased hit rates
(Hu scores; Wagner, 1993) which are the ratio of the
number of hits and the number of stimuli of the
target emotion adjusted for the number of times par-
ticipants erroneously chose the same label for other
displays (false alarm rates). Hu scores were calculated
per model (hereafter “encoder”), for each photo-
graph (Goeleven, De Raedt, Leyman, & Verschuere,
2008).

While high hit rates are desirable, pictures with
high discriminative power are also valuable. To this
end, we obtained the discrimination index of each
picture, a measure of how well a picture is able to dis-
tinguish between those participants who obtained the
highest scores overall and those with the lowest. This
index is calculated as the difference between the hit
rates of the two groups, that is, the participants
located in the third quartile and those in the first
(Ebel, 1965).

Moreover, these indices make it possible to assess
both the influence of the quality of the emotional
expression in the picture and the ability of each par-
ticipant to recognise emotions. The procedure stems
from the assumption that if a picture is not even
recognised by the best decoders, then its low hit
rate is probably due to the quality of the picture,
rather than the decoder.

The results of this study thus provided us with
additional criteria for selecting the pictures that
would integrate the final set. The criteria to keep the
pictures were as follows: (a) the picture should
present a high hit rate, preferably above .70 (Ekman
& Friesen, 1976), but at least above chance, conserva-
tively set at .33 (e.g., Tracy, Robins, & Schriber, 2009)
and (b) the pictures should not present a hit rate
higher than chance in non-target emotions. In all
cases, the emotion chosen most often corresponded
to the target emotion. Furthermore, care was taken
that for each emotion, pictures with low and high dis-
crimination indices were retained.

Based on these criteria, 60 pictures were retained in
total, 10 (.17) of which were induced expressions and
50 (.83) FACS-posed. The characteristics of the final 60
pictures are presented in Appendix A and examples, in
Appendix B. The remaining pictures include
expressions by 14 different encoders: 8 males and 6
females. The number of pictures selected for each
emotional expression was as follows: 9 for happiness,
surprise, disgust, and anger; 8 for sadness; 6 for fear,
and 10 for neutral. For an overview of the set broken
down per emotion, see Table 3.

Hit rates ranged from .57 to .98 (M= .86, SD = 0.09;
see Appendix A for hit rates per picture). Hit rates were
then calculated for emotion by averaging across
photographs (Table 4). They ranged from .72 (fear)
to .96 (happiness), and are presented in full, along
with false alarm rates, in a confusion matrix in
Table 5. As can be seen in this table, false alarm

Table 3. Amount of pictures overall, by sex of the encoder, and by encoder for each emotion

Emotion Overall
Sex of encoder Encoder

Male Female C D E F G H I K L N O P S U

Happiness 9 5 4 1 1 0 0 1 0 1 0 1 1 1 0 1 1
Sadness 8 5 3 1 0 1 1 0 0 1 1 0 0 2 0 1 0
Fear 6 2 4 4 0 0 0 1 0 0 0 0 0 1 0 0 0
Anger 9 6 3 1 1 1 0 1 0 1 1 0 0 1 1 1 0
Surprise 9 6 3 1 0 1 1 0 1 1 0 0 0 1 1 1 1
Disgust 9 6 3 0 1 0 1 1 1 0 1 0 1 2 0 0 1
Neutral 10 6 4 1 1 1 1 1 0 1 1 0 0 0 1 1 1
Total 60 36 24 9 4 4 4 5 2 5 4 1 2 8 3 5 4

COGNITION AND EMOTION 5
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rates were distributed across non-target emotions in
accordance with the similarity between the
expressions. For example, pictures of fear were most
often confused for disgust and surprise, which is con-
sistent with the literature (e.g., Hawk, van Kleef,
Fischer, & van der Schalk, 2009; Langner et al., 2010;
Tracy et al., 2009).

Hu scores ranged from .51 to .98 (M = .81, SD = 0.11;
for Hu scores per picture, see Appendix A and per
emotion, Table 4). A 7-level within-subject analysis of
variance (ANOVA) was conducted using the Hu scores
to compare hit rates per emotion. In order to carry out
the analyses, Hu scores were arcsine-transformed. The
results revealed a significant main effect of emotion F
(6, 53) = 12.79, p < .001, η2 = .54. Tukey-corrected post
hoc comparisons clearly distinguished three sub-sets.
On one hand, the Hu score for fear was significantly
lower than that of all the other emotions (ps < .01),
while happiness was significantly higher (ps < .05). The
third sub-set, composed of surprise, anger, neutral,
disgust, and sadness, was significantly lower than happi-
ness and higher than fear (ps < .05).

Discrimination indices ranged from .01 to .66
(M= .20, SD = 0.13). They are presented per picture
in Appendix A and per emotion in Table 4. Sixty-five
per cent of the pictures present moderate-to-high dis-
criminative power, according to Ebel (1965). The FACS
scores for each picture can also be found in Appendix
A. The degree of correspondence between the AUs of

each of the pictures and the target prototypical
expression or major variant for that emotion, as pre-
sented in Ekman et al. (2002b), was calculated using
Wexler’s (1972) index of agreement. An average of
.92 was obtained for the whole set, ranging from .62
to 1. The FACS-posed pictures included an average
of .92 of the prototypical AUs, while the naturally
posed pictures included .94.

Discussion

A set of 60 pictures of Argentines expressing the basic
emotions was obtained based on their hit rates and
discrimination indices. These pictures were all FACS-
verified according to the prototypes and major var-
iants established by Ekman et al. (2002b; Ekman,
2007), the FACS scores available for researchers who
wish to use the stimuli. Using FACS scores provides
emotion researchers with an objective measure to
make sure they are dealing with the same facial
expressions. Our pictures were not only developed
by posing (for the non-induced pictures) the AUs cor-
responding to the prototypical expressions, but then
verified by FACS experts and an agreement index
(i.e., Wexler’s index). In this sense we can say that
these pictures are highly standardised.

The analysis of Hu scores revealed an effect of the
specific emotion being expressed on how well that
expression was recognised, consistent with previous

Table 4. Hit rates, Hu scores, and discrimination indices per emotion

Hit rate Hu Score Discrimination index

Emotion M SD 95% CI M SD 95% CI M SD 95% CI

Happiness .96 0.04 [.93, .99] .94 0.05 [.90, 97] .06 0.04 [.03, .09]
Sadness .88 0.09 [.81, .96] .83 0.11 [.73, .92] .18 0.11 [.08, .27]
Fear .72 0.09 [.62, .81] .57 0.05 [.51, .63] .47 0.16 [.31, .64]
Anger .88 0.06 [.84, .93] .81 0.06 [.76, .85] .19 0.08 [.13, .26]
Surprise .85 0.11 [.76, .93] .79 0.12 [.70, .89] .16 0.10 [.08, .23]
Disgust .84 0.04 [.81, .87] .81 0.06 [.77, .85] .24 0.08 [.18, .30]
Neutral .88 0.05 [.84, .91] .82 0.06 [.78, .86] .22 0.04 [.19, .25]

Table 5. Confusion matrix: proportion (mean and standard deviation) of perceived emotion per target emotion, averaged across photos

Perceived emotion

Target emotion Happiness Sadness Fear Anger Surprise Disgust Neutral Othera

M SD M SD M SD M SD M SD M SD M SD M SD

Happiness .96 0.04 .00 0.01 .00 0.00 .00 0.01 .01 0.00 .01 0.02 .01 0.01 .01 0.01
Sadness .01 0.01 .88 0.09 .01 0.01 .03 0.03 .00 0.00 .00 0.00 .04 0.03 .03 0.02
Fear .00 0.00 .02 0.01 .72 0.09 .01 0.01 .07 0.05 .01 0.01 .01 0.01 .01 0.02
Anger .00 0.00 .03 0.05 .02 0.03 .88 0.06 .01 0.01 .08 0.04 .01 0.01 .03 0.02
Surprise .01 0.00 .01 0.01 .11 0.10 .01 0.01 .85 0.11 .01 0.01 .00 0.00 .03 0.03
Disgust .00 0.00 .01 0.01 .12 0.09 .02 0.02 .01 0.01 .84 0.04 .00 0.00 .02 0.01
Neutral .01 0.03 .02 0.03 .01 0.01 .01 0.01 .03 0.05 .03 0.02 .88 0.05 .05 0.04
aThe category “other” comprised other responses that were incorrect or for which an alternative was not provided, as well as missing responses.
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studies. In particular, fear tends to be recognised at
lower rates than the rest of the emotions, while happi-
ness tends to be the most easily recognised (e.g.,
Elfenbein & Ambady, 2002; Ruffman, Henry, Living-
stone, & Phillips, 2008), which is also congruent with
our findings. Overall, the hit rates and Hu scores
observed were similar to those reported in the litera-
ture with other stimulus sets (e.g., Table 1; for an over-
view, see Elfenbein & Ambady, 2002).

Pictures of facial expressions of emotion are com-
monly used in cognitive and clinical psychology and
neuroscience to develop tests that assess the ability
to recognise facial expressions of emotions. Consid-
ering this tendency, we decided to include in our
set pictures that distinguish people with varying
levels of ability to recognise emotions. Since there
tends to be a negative correlation between hit rates
and discrimination indices, a compromise was
made in order to retain pictures with high discrimina-
tive power, although their hit rates were not the
highest.

Study 4. Convergent validity

In order to obtain an additional source of validity, we
carried out a study of convergent validity with the
POFA, a set with similar characteristics which enjoys
widespread acceptance. In a previous study in which
the POFA was administered in Argentina (Vaiman
et al., 2011), we found hit rates inferior to those
reported by Ekman and Friesen (1976) with American
participants, which might be explained in part by an
in-group advantage. However, in order to demon-
strate that our set is more appropriate than the
POFA for use locally, we administered both sets to
the same sample. We expected to find a high corre-
lation between the two sets, with the UNCEEF outper-
forming the POFA.

Method

Participants
A total of 212 undergraduate students (71% female
and 29% male) from the National University of
Cordoba, Argentina, ranging from 16 to 39 years of
age (M = 21, SD = 4.33) participated in the study.

Measure
The stimuli consisted in the pictures from the UNCEEF
and POFA sets. The POFA consists of 110 pictures of
Caucasians expressing the basic emotions. The enco-
ders were adults, eight females and six males. For
the UNCEEF, the final 60 pictures selected were
used. The characteristics of the UNCEEF have been
thoroughly described before.

Procedure
The administration of the pictures took place in the
same fashion as in Study 3, with each set divided
into two sub-sets. The UNCEEF was always presented
before the POFA.

Results

Hit rates per picture and emotion were calculated as in
Study 3. The data of two participants were excluded
from the analyses for presenting recognition rates <
= 3.29 SDs overall (Tabachnick & Fidell, 2001) and of
five more participants for only having participated in
the evaluation of one of the two picture sets.

As in Study 3, hit rates were converted to Hu scores,
calculated per emotion for each participant (Schlegel,
Grandjean, & Scherer, 2012), which were then arcsine-
transformed. Inter-set correlation analyses were
carried out between the mean transformed Hu
scores per emotion (see Table 6 for the results). Signifi-
cant correlations between the two sets were found for

Table 6. Results of correlation analyses per emotion between the two sets

Picture set

POFA

UNCEEF Happiness Sadness Fear Anger Surprise Disgust Neutral

Happiness .40*** – – – – – –
Sadness – .30*** – – – – –
Fear – – .29*** – – – –
Anger – – – .27*** – – –
Surprise – – – – .20** – –
Disgust – – – – – .31*** –
Neutral – – – – – – .44***

**p < .01.
***p < .001.
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all emotions (ps < .001 for all emotions except sur-
prise, where p < .01.

A 7 (emotion) × 2 (set) repeated measures ANOVA
on recognition accuracy was conducted using the
transformed Hu scores, revealing a main effect of
set, F(1, 203) = 150.128, p < .001, partial η2 = .425.
Descriptive analyses revealed that the pictures of the
UNCEEF (M = .77, SD = 0.12) were recognised to a
greater degree than those of the POFA (M = .69, SD
= 0.11). In addition, a main effect of emotion was
found, F(6, 198) = 166.657, p < .001, partial η2 = .835.
Happiness presented the highest hit rates, followed
by neutral, surprise, sadness, disgust, anger, and
finally fear. Finally, a set × emotion interaction was
observed F(6, 198) = 17.036, p < .001, partial η2 = .340.

In order to explore these effects, paired t-tests were
conducted between the transformed Hu scores per
emotion of the UNCEEF and POFA. Mean hit rates
and Hu scores per emotion for each set, as well as
the results of the t tests, can be found in Table 7. Signifi-
cant differences were found between the Hu scores for
all emotions (ps < .001), except happiness (p = .24). For
all emotions, the Hu scores of the UNCEEF were higher
than those obtained with POFA, except happiness.

Discussion

Both the UNCEEF and the POFA were administered to
the same sample of Argentine participants. The results
yielded a significant correlation between the two sets,
which can be taken as evidence that the two instru-
ments measure the same construct. Moreover, a
main effect of set was observed, with the pictures of
the UNCEEF being recognised significantly better
than those of the POFA per emotion for all emotions
except happiness. This could in part be due to an in-
group advantage, but may also have to do with the
quality of the stimuli (e.g., aesthetics). The results of
this study therefore provide convergent validity of

the UNCEEF, as well as evidence that it is more suitable
than the POFA for evaluating emotion recognition in
an Argentine population. Nevertheless, the fact that
the UNCEEF was always administered before the
POFA constitutes a limitation of this study. Studies
involving cognitive tasks usually control the order of
presentation of stimuli due to effects of learning or
fatigue on performance. However, this was not poss-
ible here as the pictures were administered collec-
tively. Therefore, we cannot discard that the order of
presentation can have affected the difference in rec-
ognition rates between the two sets.

General discussion

Despite a recent tendency to create local sets of pic-
tures of facial expressions of emotion (see Table 1),
pictures depicting Latin Americans are still lacking.
Here we present the development and validation of
a set of pictures of Argentineans expressing the six
basic emotions: anger, disgust, fear, happiness,
sadness, and surprise, as well as neutral expressions.
The set contains 60 pictures of 14 different models
of both sexes. The pictures are highly standardised
and present contemporary aesthetics. A series of
studies was carried out to obtain different sources of
evidence for the validity of the set.

First of all, the pictures were FACS-verified by
experts, as is becoming standard (e.g., Hawk et al.,
2009; Langner et al., 2010; van der Schalk, Hawk,
Fischer, & Doosje, 2011; Tracy et al., 2009). An
attempt was made to include different prototypical
expressions of each emotion and their major variants.
The FACS score of each picture is reported, which
might be useful for researchers interested in exploring
the influence of different AUs on emotion processing.
However, while FACS presents the advantage of con-
stituting an objective measure with which to study
emotion expression, the ecological validity of posed

Table 7. Mean hit rates and Hu scores (and standard deviations) per emotion for each set and results of t tests

Picture set

UNCEEF POFA

Hit rate Hu score Hit rate Hu score

Emotion M SD M SD M SD M SD t p 95% CI

Happiness .95 0.04 .92 0.11 .95 0.05 .93 0.09 1.18 .238 [–.02, .07]
Sadness .86 0.10 .80 0.19 .69 0.20 .65 0.17 10.90 .000 [.23, .33]
Fear .65 0.22 .53 0.30 .61 0.16 .51 0.23 2.90 .004 [.03, .16]
Anger .88 0.06 .77 0.18 .82 0.17 .64 0.16 9.55 .000 [.18, .27]
Surprise .87 0.08 .77 0.16 .94 0.03 .68 0.15 7.21 .000 [.12, .21]
Disgust .82 0.04 .78 0.19 .77 0.16 .66 0.18 0.21 .000 [.18, .28]
Neutral .89 0.03 .80 0.18 .85 0.09 .75 0.17 5.38 .000 [.08, .18]
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expressions of emotion has been questioned (e.g.,
Russell, 1994). A discussion of this debate exceeds
the objectives of the present study, but for a thorough
overview, see Russell (1994).

Second, hit rates were obtained for each picture in
order to make sure each expression was indeed recog-
nised by non-experts. The hit rates for each picture are
provided in order for researchers to be able to choose
pictures based on the difficulty desired. The hit rates
obtained were relatively high and bore similarity to
those of existing sets. Specifically, a mean total hit rate
of .87 was obtained, compared to .88 for the POFA
(Ekman & Friesen, 1976), .74 for the JACFEE
(Matsumoto & Ekman, 1988), .72 for the KDEF (Goeleven
et al., 2008), and .82 for the Radboud Faces Database
(Langner et al., 2010). However, a couple of pictures
were recognised by less than .70 of the participants,
which may be explained by the difficulty to express
and recognise certain configurations of emotions. As
discussed before, the criteria for selecting pictures was
not only that they be easily recognised, but also that
they be able to discriminate between individuals with
more and less ability to recognise emotions. As recog-
nition accuracy and discriminative power tend to be
inversely related, this often meant including pictures
that did not have the highest hit rates.

Furthermore, our study was the first that we know of
to obtain evidence of convergent validity using another
set of FACS-based emotion stimuli. Considering the
wide acceptance of the POFA, the fact that it signifi-
cantly correlated with the present set is a good indicator
that they measure the same construct. Moreover, the
finding that all the emotions expressed in the local set
were recognised to a greater degree than those of the
POFA, except for happiness, justifies the development
of a local set. The differences in performance observed
between the two tests may be due to the in-group
advantage (e.g., Elfenbein & Ambady, 2002). However,
the two stimuli sets differ in more than just the ethnicity
of themodels. For example, the pictures of the POFA are
black and white and were taken several decades ago, so
hairstyles and facial hair appear dated. Therefore, in
order to test an in-group advantage the same set
should be administered to members of different cultural
groups (Matsumoto, 2002).

Until now, only two studies that we are aware of
have tried to obtain hit rates for emotion pictures
in an Argentine sample. One is the study mentioned
before with the POFA (Vaiman et al., 2011). The other
is a study carried out by Ekman (1972) himself with a
set of pictures preceding the POFA, but also of North

Americans. The hit rates obtained in those two
studies are comparable to those found with the
POFA in the present study. Notably, in both Vaiman
et al. (2011) and Ekman (1972) fear and sadness
were the hardest emotions to recognise, which was
also the case with the data obtained with the POFA
here. This lends further validity to the findings of
this study, and, as all of those studies were carried
out with pictures of individuals from the USA,
reinforces the importance of a local set of emotion
pictures.

Pictures of emotional expressions are often used to
create tests to assess the ability to recognise emotions.
To this end, we calculated the discriminative index of
each photo, and included many pictures with high dis-
criminative power. Discrimination indices may prove
useful for researchers interested in emotion recog-
nition ability and are thus reported.

Potential users should however be aware of the
limitations of the set. For example, although the set
includes many models, we did not manage to
include a picture of each emotion for every model
and there is not much diversity in the age of the
models, with most being young adults. In addition,
the set also only contains pictures of the original
basic emotions. The pictures were all taken head on,
as well, limiting their applicability (see e.g., Langner
et al., 2010).

Despite these shortcomings, we hope the set pre-
sented here will be of use for future research. What
is more, it is our hope that the development of a
local set helps promote research on emotion in Latin
America. The full set is publicly available and can be
accessed from the website https://emocionesunc.
wordpress.com or by contacting the authors.
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Appendix A
Sex of encoder, target emotion, FACS score, hit rate, Hu score, and discrimination index per picture.

Picture Sex Emotion FACS score Hit rate Hu score Discrimination index
C00 Female Neutral .89 .83 .23
C01 Female Fear 1B + 4B + 5D + 16B + 20B + 25B + 38B .72 .55 .42
C02 Female Anger 4D + 5B + 23E + 38C .89 .76 .18
C03 Female Happiness 6C + 7C + 12C + 25C .94 .92 .08
C04 Female Fear 1C + 4C + 5D + 10B + 16B + T23B + 25B + 38B .83 .66 .27
C05 Female Surprise 1B + 2B + 5D + 25B + 26B .79 .68 .23
C06a Female Fear 1C + R4B + 5E + 10B + 20C + 25C + 26C + 38E .74 .58 .66
C07a Female Fear 1B + 4B + 5C + 14B + 20A + 25B .76 .59 .67
C08 Female Sadness 1B + 4B + 15B .69 .58 .30
D00 Female Neutral .84 .84 .05
D01 Female Happiness 6C + 7C + 12D + 25D .97 .97 .07
D02 Female Anger 4C + 5C + 17D + 23D + 39C .97 .84 .18
D05 Female Disgust L7B + L9B + 9A + 17C .85 .84 .18
E00 Female Neutral .86 .84 .20
E01a Female Sadness 1B + 4D + 15B + 17E + 61D .91 .80 .14
E04 Female Surprise 1C + 2C + 5C + 25C + 26C .95 .92 .06
E05a Female Anger 5B + 7C + 17C + 23D + 38C .79 .77 .26
F00 Female Neutral .86 .84 .26
F02 Female Sadness 1D + 4D + 15D + 17D + 26B .90 .87 .23
F03 Female Surprise 1D + 2D + 5C + 25D + 26D .95 .94 .07
F04 Female Disgust 5A + 10C + 15A + 16B + 19 + 25D + 26B .86 .83 .18
G00 Male Neutral .90 .83 .22
G03 Male Anger 4D + 5D + 23E .82 .73 .22
G04 Male Fear 1D + 4C + 5E + 14B + 20A + 25B + 26A .67 .53 .42
G05a Male Happiness 6B + 12B .95 .91 .07
G06 Male Disgust 10C + 16B + 25C + 26A .78 .71 .28
H06 Male Disgust 10B + 15A + 17B + 25C .89 .88 .22
H08 Male Surprise 1A + 2B + 5D + 25A .85 .84 .11
I00 Male Neutral .93 .79 .16
I01 Male Anger 4E + 5C + 7A + 17B + 23C + 38B .84 .79 .32
I02 Male Sadness 1C + 4C + 15B + 17C + 38C .93 .89 .10
I04a Male Surprise 1A + 2A + 5B + 25C + 26C .67 .64 .28
I05a Male Happiness 6C + 7C + 12C + 25D + 26A .97 .93 .08
K00 Male Neutral .77 .75 .24
K01 Male Sadness 1D + 4B + L4C + 15A + 17D + 38B .94 .89 .09
K02 Male Anger 4C + 5B + 24C + 38C .96 .84 .08
K06 Male Disgust 4B + 7B + R10C + L10B + 17B + R25B + L25A .83 .82 .29
L01a Female Happiness 6C + 7B + 12D + 25C .98 .98 .05
N02 Female Happiness 6D + 7D + 12C + 25D .97 .97 .04
N04 Female Disgust 10B + 16B + 25C + 26B .87 .87 .15
O01 Male Sadness 1D + 4B + 15B .94 .91 .16
O02 Male Anger 4D + 7A + 17B + 23E .91 .76 .22
O06 Male Fear 1C + 2C + 4B + 5D + 25D + 27D + 53B + 58B + 64B .58 .51 .40
O08 Male Disgust 7B + 10B .84 .78 .28
O10 Male Happiness 6D + 7D + 12B .98 .95 .02
O11 Male Sadness 1A + 4B + 15C + 17B .82 .79 .32
O12 Male Surprise 1A + 2A + 5C + 25C + 26C .93 .68 .13
O13 Male Disgust 7B + 9B + 17A .88 .82 .18
P00 Male Neutral .89 .86 .18
P01a Male Anger 4D + R7B + 17D + 24B .90 .89 .15

(Continued )
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Appendix B.

Examples of each encoder and emotion.

Appendix A Continued.

Picture Sex Emotion FACS score Hit rate Hu score Discrimination index
P07a Male Surprise 1C + 2C + 5C .86 .84 .28
S00 Male Neutral .94 .92 .18
S02 Male Surprise 1D + 2D + 5C + 25D + 27C .94 .92 .02
S04 Male Sadness 1E + 4B + 15A + 39B .95 .89 .03
S05 Male Happiness 6C + 12C + 25B + 26B .99 .97 .03
S06 Male Anger 4D + 5C + 7C + 17C + 24C .88 .88 .24
U00 Male Neutral .90 .70 .20
U03 Male Happiness 6B + 12B .87 .82 .15
U04 Male Surprise 1C + 2C + 5B + 26A .69 .66 .23
U05 Male Disgust 10D + 25B + 53B .76 .74 .40

Note: Picture codes beginning with the same letter were encoded by the same model.
aExpressions obtained via emotion induction method.
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