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Abstract

Current research on the role of cognitive resources on emotional face recognition provides
inconclusive support for the automaticity model. The purpose of the present study was to
examine the effect of working memory load and attentional control on emotion recognition.
Participants (N=60) were shown photographs of fearful, angry, happy and neutral faces for 200
ms, 700 ms or 1400 ms while engaging in concurrent working memory load task. A restricted
response time was employed. Data analysis revealed that presentation time did not affect the
reaction time across emotions. Furthermore, reactions times were marginally affected by graded
load. Reaction times to fear and anger were significantly greater compared to other emotions
across load conditions. These findings are relatively congruent with the automaticity theory and
negativity bias, suggesting that efficient emotion recognition can occur even in the expenditure
of working memory processes, whereas longer reaction time for negative stimuli indicates the
partial involvement of higher cognitive processes that are necessary for evaluating potential
threats. It is suggested that although processing negative emotional faces can be carried out

automatically, at the same it requires sufficient attention in order to be executed.
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Introduction

Research on emotional expressions has a long tradition,
with Darwin being the first to highlight the evolutionary
importance of primary emotions (fear, anger, disgust, sadness,
happiness and surprise) described as “species specific” [1].
The evolvement of these emotions is assumed to facilitate the
adaptation of organisms to recurrent environmental stimuli
to the conveyance of crucial social information [2-6]. More
specifically, facial emotion recognition serves an essential
communicative function which manifests itself in the ability
to interpret the mental states of others. This interpretation
involves the decoding of emotional expressions’ meaning,
the weighting of their importance to the self and others, and
their association to subsequent verbal discourse and action
[7,8]. It becomes evident that simultancous processing of
such manifold information necessitates fast and efficient
cognitive operations which are made possible through their
reliance upon a system of interconnected processing levels.
This system is what allows the manipulation, evaluation and
decision making steps comprising emotional cognition and is
the so-called working memory (WM).

An elucidating paradigm adopted to distinguish the specific
contributions of WM in entangling cognitive operations is
the engagement in two concurrent tasks which need to be
performed simultaneously or the introduction of a secondary
task which competes for the processing resources of the
primary one. Given limited capacity of the attention system
[9,10], the dual-task methodology aims to examine the effect
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of attentional load on the primary task which is characterized
by decreased performance due to the interference produced
by the secondary task [7]. This decrement in performance is
highly moderated by the degree of similarity and difficulty of
the two antagonizing tasks [11,12].

There is evidence for impaired emotion labelling when
performed concurrently to a WM task (usually the n-back
task) with negative or threat-relevant emotions adversely
affecting accuracy and reaction time on the tasks, suggesting
that emotion recognition is tightly intertwined with higher-
order cognitive processes [13-16]. Conversely, other studies
adopting similar rationale have found that cognitive load does
not significantly interfere with affect recognition and support
that emotion processing is automatic and independent of
working memory resources [17,18]. However, these studies
have failed to control the stimulus presentation duration and
response time.

Neuroimaging data suggest that differential brain activation
during emotion recognition tasks seems to be modulated by
the attentiveness of the stimulus, with amygdaloid activation
relating to implicit emotion recognition, whereas prefrontal
and frontoparietal network activation taking place during
explicit emotional processing and under high cognitive
demand caused by concurrent working memory load [14,19-
25]. Hence, taking into consideration that spontaneous facial
expressions are particularly brief during social interactions
[26,27], a rapid stimulus presentation so as to achieve a
relatively “preattentive” processing, in combination with
graded memory load, appears to be a promising methodology
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to illustrate whether emotional perception is indeed
autonomous and efficient regardless of depleted memory
resources and processing time.

In line with the aforementioned evidence, the aim of the
present study was to elucidate the perceptual and cognitive
processes underlying the intricate association of working
memory and facial affect recognition via the manipulation of
attentional resources and the induction of graded cognitive
load. This dual-task paradigm has been commonly adopted in
studies investigating bottom-up cognitive processing and can
demonstrate the relatively unaffected processing resources
allocated to one of the two tasks which is assumed to be
automatic due to its resistance to interference [7,12,28].

No previous study to our knowledge has tested whether
differential cognitive load can adversely interfere with the
efficiency of facial affect recognition by manipulating the
word length effect [29,30]. Word length can be systematically
manipulated (short vs. long words) and subsequently lead
to differential momentary depletion of cognitive resources
required for the primary task the performance of which is
characterized by decreased response accuracy and increased
reaction time [31-34]. The present study used graded working
memory load during the emotion recognition process by
including a secondary task. Specifically, participants were
asked to repeat a word aloud and simultaneously recognize
the emotional expression of a target face. It was hypothesized
that if facial affect recognition is indeed automatic and
independent of conscious control, the performance on emotion
recognition task would not be adversely affected either by the
concurrently performed working memory task or the duration
of the stimulus presentation [18,35]. Conversely, if emotion
recognition is dependent on working memory resources,
then cognitive load would interfere with performance and
more errors would be produced across presentation durations
[15,36].

Method

Participants

A sample of volunteered 60 undergraduate students (30
males and 30 females; aged between 18 and 26; Mage=21.0,
SD=2.07) attending the American College of Greece was
randomly selected.

Materials

The experiment was designed using the E-prime psychology
software tools, Inc. and run on a Dell OptiPlex 990 desktop.
Three black and white photographs depicting fear, anger,
happiness and one neutral adopted from the Facial Action
Coding System Manual [37]. The pool of words used
consisted of 48, one or three syllables long English words
selected from the MRC Psycholinguistic Database [38], after
being checked and equated in for neighborhood effects, for
phonological, semantic and orthographic similarities, as well
as valence and arousal [39,40]. These were equally divided
for presentation in the low or high cognitive load condition
whereas 12 additional words were used in the practice trials
prior to the experiment.
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Procedure

A mixed factorial design was employed with participants
being randomly assigned to one of the three presentation
time conditions (200 ms, 700 ms and 1400 ms). The within
participants variables were the emotion recognition task
(fearful, angry, happy, neutral) and the graded cognitive
load, operationally defined as no load (no word presented),
low (one syllable long word) and high (three syllables long
word). Measurements were obtained-on the basis of correct
identification of the emotional label, and reaction time
measured in milliseconds (ms), from the moment the emotion
label appeared on the screen until the participant provided an
answer. To ensure that the performance on the WM load task
was not undermined by the concurrent emotion recognition
according to the dual task paradigm, the accuracy on the
concurrent WM task was also examined.

In all conditions, participants sat approximately 27 in. from a
24 inch computer screen. Each experimental session entailed
72 trials, with 24 trials corresponding to each load condition
where each of the four emotions was presented six times and
followed by three correct and three incorrect labels. In the
no load trials, a blank screen was presented for 1 s followed
by a fixation point lasting for 1 s and a photograph of an
emotional face (fearful, angry, happy, neutral) which was
displayed for either 200 ms, 700 ms or 1400 ms, depending
on the presentation time condition participants were assigned
to. The 200 ms presentation time was adapted from the study
of Calvo and Lundqvist who used durations ranging from 25
ms to 500 ms for the presentation of the emotional stimuli
while the 700ms presentation time was similar to the duration
used by Getz et al. who displayed emotional stimuli for 500
ms, 750 ms or 1000 ms [26,27]. Given the scarcity of relevant
literature on the matter, and taking into account that facial
expressions tend to last for less than 1 s in real life, we used
1400 ms for the control condition to allow a more elucidating
comparison with the other two presentation conditions. The
label of the emotion appeared afterwards (“happy”) and
participants were instructed to respond as fast as possible by
pressing “1” designating “Yes” if the label corresponded to
the emotion presented or “2” designating “No”, if the label
did not correspond to the emotion. The “1” key was clearly
marked with a green sticker and the “2” key with a red sticker.
The experimental tasks were counterbalanced to take into
account the emotional face, the graded cognitive load and the
correct/incorrect label trials. Response time was restricted to
1500 ms and neither recognition accuracy nor response time
data were recorded for the trials in which participants failed
to respond within the time limit. The 1500 ms was chosen
as maximum response time since a pilot study indicated that
this time restriction encouraged the participant to respond as
quickly as possible without producing feelings of frustration.
For a schematic representation of a sample trial (Figure 1).
Word stimuli, emotional faces and labels were randomly
presented in each experimental session. Twelve practice
trials were introduced before the beginning of the actual
experiment in order for participants to become familiarized
with the procedure.
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Figure 1. Schematic representation of the high-load condition. In the low and high load trials, a short or long word appeared on the screen
for 1000 ms followed by a screen text instructing participants to repeat the word aloud in order to ensure rehearsal of the stimulus. A
fixation point was presented afierwards, and then the emotional face followed by the label. Participants were instructed to respond as fast as
possible by pressing “1” designating “Yes” if the label corresponded to the emotion presented or “2” designating “No”, if the label did not
correspond to the emotion. After this, participants were asked to type the word they saw in the beginning, with no time restriction.

Results

In the present study data analyses were conducted on
participants’ RTs (m/s) and recognition accuracy (%). RTs,
obtained from correct responses only, were analyzed for the
six trials of each emotion. Similarly, percentage of correct
responses was analyzed for the six trials of each emotion.

Two 3 x 4 x 3 mixed ANOVAs were conducted to evaluate the
effect of presentation time (200 vs. 700 vs. 1400), cognitive
load (no vs. low vs. high) and emotion (fear vs. angry vs.
happy vs. neutral) on RT and accuracy, with presentation
time being the between participants variable.

Reaction time

The analysis revealed a statistically significant effect of
emotion, F (3, 171)=94.08, p<0.001=0.000, »°=0.62, a
statistically significant effect of load, F (2,114)=28.77,
p<0.001=0.000, 172p=0.33 and a non-significant effect of
presentation time, F (2, 57)=0.894, p=0.42, n2p=0.03.

There was a statistically significant interaction between
emotion and load, F' (6,342)=2.60, p <0.05=0.018, 772p=0.04,
indicating that in the Anger and Happy emotions, participants
responded faster in the Low Load condition compared to the
High and No load condition, whereas in the Fear emotion
participants responded faster in the High Load condition
compared to the Low and No Load conditions. All other
interactions failed to reach statistical significance.

Post-hoc comparisons with Bonferroni correction revealed
that RT for fear (M=853.32, SE=16.34) and anger (M=803.34,
SE=16.60) was statistically significant slower compared
to happy (M=674.14, SE=16.59) and neutral (#=780.19,
SE=17.73), with happy displaying a statistically significant
faster RT compared to all other emotions.

Post-hoc comparisons with Bonferroni correction revealed
that RT in the absence of cognitive load was significantly
slower (M=808.88.14, SE=15.91) compared to the low load
(M=760.03, SE=15.69) and high load (M=764.34, SE=14.10),
whereas there was no statistically significant difference on
RT between low and high load conditions.

Recognition accuracy

There was a statistically significant effect of emotion, F
(3, 171)=11.48, p<0.001=0.000, ’72p:0~17~ However, the
effect of Load [F' (2, 114)=1.28, p>0.05=0.28, n2p20.02] and
Presentation Time [F (2,57)=0.14, p=0.87, '72p:0~005] was
not significant. None of the interactions were found to be
significant.

Post-hoc comparisons with Bonferroni correction revealed
that RA for fear (M=5.25, SE=0.10), anger (M=5.34, SE=0.08)
and neutral (M=5.29, SE=0.09) emotions were statistically
significant less compared to happy (M=5.74, SE=0.04) but
not significantly different among each other.

The ratio of RT over accuracy was also estimated and
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introduced in the analysis as an outcome variable for
exploring the impact of accuracy on response speed (RT/
RA). However, results revealed exactly the same pattern.

Discussion

The present study investigated the effect of graded cognitive
load and presentation time on facial affect recognition.
One of the most interesting findings is that despite the brief
presentation of emotional faces and the restricted response
time, concurrent working memory load did not impair the
reaction times and accuracy on the emotion recognition task.
Accurate emotion processing under brief display durations is
further supported by Calvo and Lundqvist [26], who found
that emotion identification occurs efficiently when emotions
were displayed for 250 ms and 500 ms, respectively; and
Getz et al. who also found no effect of presentation time
on performance on different computerized facial affect and
facial recognition tasks both in healthy participants and
bipolar patients [27].

Taking into account that the graded memory load performed
concurrently with the emotion recognition task did not
impair the speed and accuracy on both tasks, our findings
are seemingly congruent with the automaticity theory of
emotional perception and are in agreement with the findings
of Tracy and Robins [18], and others manipulating attentional
[12] or memory processes [41]. Nonetheless, and given the
variations in reaction time, with slower performance being
recorded in the no load condition, it could be conversely
argued that emotional processing is not unambiguously
involuntary and independent from “top-down” processes,
such as attention and task instructions [36]. More specifically,
and according to Erthal et al. attention facilitates the selective
augmentation of visual stimuli perception, leading thus, to
increased accuracy and decreased reaction time [42]. Hence,
it can be suggested that although emotion recognition is
not heavily dependent on working memory resources, it is
nevertheless, tightly related to visual attentional control
which appears to elicit a facilitative effect on performance
when cognitive demands are elevated but not overwhelming
enough to inhibit performance [41,43-45].

Such a conclusion can also be supported by the fact that
our participants were not faster in the longest presentation
time (1400 ms) as an outcome of longer exposure to
the emotional stimuli. More specifically, and given the
seemingly unimpaired accuracy both in the working memory
and the emotion recognition task, emotional perception
together with memory load appear to demand conscious
effort and sustained attention, with the latter not leading to
increased reaction speed due to cognitive system overloading
which in our experiment was not salient enough to disrupt
performance on both tasks [46,47]. Although this conclusion
is rather tentative, it is in agreement with the recent findings
of Herrmann et al. [23] who used functional near-infrared
spectroscopy (fNIRS) and electroencephalography (EEG)
in a dual-task paradigm to examine emotional processing
interference on WM resources. They found that emotion
identification performance was significantly worse in the
dual-task condition with a visuo-spatial component (Corsi
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blocks) compared to the single emotion identification task.
Furthermore, the execution of two concurrent tasks was
associated with higher activation in the dorsolateral areas of
the prefrontal cortex, which according to the authors, could
reflect increased WM load.

The impaired accuracy and slower reaction times of
fear recognition together with the apparent advantage of
happiness is a common finding in emotion recognition studies
[48]. This could be attributed to the intense complexity of
facial expressions characterizing fear as compared to the
less overlapping facial configurations of happiness [49,50].
Moreover, the emotion of happiness has a unique affective
value compared to other emotional expressions which are
relatively ambiguous and could thus; compete for attentional
resources [48]. Another explanation is the negativity bias
which describes the overriding allocation of attentional
resources to negative cues [51]. This phenomenon has an
unequivocal adaptive value and although the processing of
impending life-threatening cues is rather automatic [52],
efficient fear (and anger, albeit to a lesser extent) recognition
occurs at the expense of processing accuracy and speed on
concurrent tasks resulting from cognitive interference [18,53-
58].

Finally, one should take under consideration, the fact that
an increased sample size would lead to stronger conclusions
and great statistical power. It is therefore suggested that the
sample size of the present study (N=60) might have played
a role in limiting the significance of some of statistical
comparisons conducted. In this direction and having in mind
that the main goal of the study was to explore the effects
of cognitive load, post-hoc sample size calculations were
performed. The analyses revealed that on the basis of effect
sizes observed (n2p=0.33), an N of approximately 75 would
be needed to obtain statistical power at the recommended
0.80 level [58].

Conclusion

Our ability to recognise basic emotional expressions is crucial
for the regulation of behaviour [59] and the development of
positive social interactions from a young age [60]. Hence,
elucidating the cognitive mechanisms underlying emotion
recognition in normally developed individuals is a valuable
tool to further understand emotion recognition deficits in
atypical populations, such as individuals with frontotemporal
dementia [61], schizophrenia [62] and bipolar disorder [63].
Our findings provide relative support for the automatic
processing of basic emotions, although the involvement of
higher-order processing mechanisms cannot be excluded.
The automaticity of basic emotion recognition could be
further explained by arguing that in experimental settings
where participants view images of emotional faces, human
emotion recognition could be primarily driven by low-level
perceptual analysis of visual features rather than emotional
meaning or affective parameters [48], resulting in fast
and efficient processing which might not necessitate the
involvement of WM resources.

Taking everything into consideration, and despite the

64



65

substantial expansion of knowledge regarding the neural
mechanismsofemotional processing,itappearsthatconverging
operations utilizing neuroimaging, neuropsychological and
physiological techniques, particularly in clinical samples,
could provide further insight into the perceptual and cognitive
processes involved in emotion recognition.
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