


Results:

We studied the effects of attention manipulation with a dual task paradigm in which subjects
perform a central attentionally demanding task and a second peripheral task either concurrently
or separately. The role of attention is measured by comparing the performance on the peripheral
task when this task is performed alone with performance in the dual task condition. If the gender
discrimination task does not require attention, peripheral performance in the single and dual task
conditions should be comparable. If however, the peripheral task does require attention,
performance should drop dramatically in the dual task condition.
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Our attentionally demanding central task consisted of letter discrimination. Five randomly
rotated letters (Ts and Ls) were presented at the center of the display and subjects were required
to report whether the letters were the same or whether one letter differed from the other four.
This task is known to be effective in engaging attention at the center of the display (Braun and
Julesz, 1998). In the peripheral task subjects¥yere presented with a male or female face and were
asked to report its gender. The experimex{f“gglelme is illustrated in Figure 1. In the dual task
condition, subjects were required to repoi’(on both the center and peripheral tasks and were
instructed to focus their attention on the centrai letter discrimination task. While subjects were
practising these tasks their central and peripheral SOAs were decreased using a modified
staircase procedure (see methods). Once their SOAs had stabilized for both tasks, we collected
the data which is presented here. Data was collected over a period of five to eleven days.

For each subject, performance on the central letter task showed no significant difference between
the single (83.6%, averaged over five subjects) and dual (83.4%) conditions (ttest, p>0.05) which
clearly indicates that attention was withdrawn from the gender discrimination task in our dual
task condition (Figure 2). In the face-gender discrimination task, subjects performance in the



dual-task condition (82.4%) was also not significantly different (-fest, p > 0.05) from their
performance in the single-task condition (77.3%). This indicates that face-gender discrimination
can be performed without significant impairment when attention is withdrawn and constitutes
the main finding of this experiment.

During the course of training and data collection the same set of 175 male and 175 female images
was used repeatedly. Consequently, it could be argued that instead of performing gender
discrimination as required, subjects were actually using a strategy akin to face recognition. To
control for this confounding effect, we tested our subjects on a set of completely novel faces (one
of the subjects, the author L.R. was not tested because she was familiar with both face sets).
Despite the unfamiliarity of this face set, performance on gender discrimination was not
significantly different (itest, p>0.05) for 3 subjects between single and dual task conditions
(Figure 3) and was only significant (ttest, p<0.05) for the remaining subject. Nevertheless, as
shown in figure 3, subjects” performance of the dual-task varied between 85 and 100% of the level
of performance reached in single task (Figure 4), indicating that they were still able to perform
gender discrimination at a reasonable level under these conditions. Here again, the central task
performance in the dual condition was not significantly lower than performance in the single task
condition, indicating that attention was effectively engaged at the center.
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Flgure K Results from 4 subjects on the dual task paradigm using a completely novel set of faces. The
horizontal axis represents performance on the attentionaily demanding letter task. The vertical axis represents
performance on the gender discrimination task. Each small blue point represents the subjects average
performance on the dual task on 1 block of 48 trials while the larger blue points represent the overall average
performance on the dual task. Each purple point is the average performance on the single letter or face task.
Chance performance is at 50%. Error bars represent standard deviation. For 3 out of 4 subjects, there is no
significant di{ference between average dual task performance on the letter and face tasks and the respective
single task performances (p>0.05). One subject (LA) showed a weakly significant decrease {(p<0.05} in
performance on the peripheral task in the single versus dual condition.

Figure 4 summarizes the obtained results of this experiment. It represents the combined
performance of our subjects in the dual-task condition normalized to their performance in the
single task condition. Normalized performance at 100% indicates that the central and peripheral



tasks do not interfere, while 50% corresponds to chance level. For all subjects using familiar face
images (blue dots), the normalized gender discrimination performance in the dual task condition
was between 90% and 100% of the performance in the single task condition. Similarly, on the set
of novel faces (red dots), normalized performance was above 85%. Thus, whether involving
highly familiar or completely novel faces, face gender discrimination can be performed
remarkably well in the near absence of attention.
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Discussion:

From a computational perspective, we designed our peripheral task to make it as challenging as
possible. This task did not merely involve the discrimination of targets and distractors at a basic
level of categorization, but required a fine discrimination at a still more complex, “subordinate”
level, between male and female faces which share the same overall structure. In essence, this
meant a fine discrimination of the spatial arrangement of highly similar features between targets
and distractors. Surprisingly, our results indicate that such discrimination requires little or no
attention, supporting the notion that the complexity of a task does not necessarily determine its
attentional requirements. Classical views of attention have suggested that while simple salient
stimuli can be detected outside the focus of attention, attention plays a key role in the recognition
of more complex stimuli. In other words, it is believed that attention is necessary to combine the
different low level features of a stimulus into a coherent representation of the object (Treisman &
Gelade, 1980). Access to this representation is supposed to be necessary for object recognition
and behavior. However, our findings challenge this notion: face-gender discrimination is
possible in the near absence of attention.

In neural terms, several electrophysiology and functional imaging studies in monkeys and
humans provide evidence for selective representations of objects and categories in the infero-
temporal cortex and medial temporal lobe (Kreiman et al., 2000, Freedman et al., 2001, Sheinberg
& Logothetis, 2001, Sigala & Logothetis, 2002, ). In particular, visual neurons responsive to faces
have been found in both humans (Kreiman et al.,, 2000) and monkeys (Bruce, 1982; Desimone et
al., 1984, Desimone, 1991; Perrett et al., 1987) in infero-temporal cortex, the “endpoint” of the
central visual hierarchy. Thus it is not unreasonable to suppose that our stimuli differentially
activate neurons in such high-level areas and that gender discrimination probably relies on the



selectivity of these neurons. Our findings, together with those of Li et al. (2001), suggest that the
activation of such high-level neurons does not require the presence of attention.

Future Direction:

In the near future, subjects trained on a completely different dual task experiment currently
running in the lab will also be tested on this gender discrimination paradigm. These subjects
have learned to perform the central letter discrimination task concurrently with a peripheral
natural scene categorization task (basic level categorization: animal/non-animal or vehicle/non-
vehicle). Their results will indicate whether or not the observed performance is due to extensive
training on the gender discrimination task.

Methods:

Subjects: 5 right handed subjects including one author (L.R.) were tested in the experiment.
Ages ranged from 22 to 25 years.

Face Database: The face database was obtained from the Max Planck Institute, Tbingen,
Germany and contained 7 views of 100 male and 100 female faces. In the original database,
obvious discrimination cues such as facial hair were removed and the faces were relatively well-
matched for low-level properties such as color, size and illumination. After pilot experiments
showed that the gender of some faces in the database was ambiguous (discrimination
performance was around 65%), we asked 8 human observers to rate their confidence in the
gender of each face. For the present gender-discrimination experiment we used the 50 male and
50 female individuals that produced the least ambiguous ratings.

Experimental Set-up: Experiments were conducted in a dark room designed for psychophysics
testing. Subjects were seated approximately 120cm from a computer monitor connected lo a
Silicon Graphics (O2) computer. The refresh rate of the monitor was 75Hz.

Experimental Paradigm: The experiment consisted of two distinct tasks: an attentionally
demanding central letter discrimination task, and a peripheral face-gender discrimination task.
These tasks were performed in three conditions: the central task alone, the peripheral task alone,
or a dual task in which both central and peripheral tasks were performed concurrently.

In the current experiment, each trial began with the presentation of a fixation cross before the
onset of the stimulus. At time t=0, five randomly rotated letters (Ts & Ls) were presented at the
center of the screen at nine possible locations within 1.2° eccentricity. The five letters could either
be the same or one could be different from the other four. 53ms following the onset of the central
stimulus, a face subtending roughly 3 degrees of visual angle was presented peripherally at an
eccentricity of approximately 5 degrees. Both the central and peripheral stimuli were masked
following presentation (see Figure 1). For all subjects, the peripheral stimulus was always
masked before the central stimulus. In the central task condition, subjects were required to report
whether the letters were identical or not by pressing one of two keys on the keyboard. In the
peripheral task condition, subjects were required to judge the gender of the face and report it
using one of two other keys. In the dual task condition, subjects were asked to first respond to
the central task and then to the peripheral one and focus attention at the center.

Training:

5 subjec%s were trained on all three conditions for between 4 and 8 hours. At the beginning of
training, the letters were displayed for 500ms and the faces for 160ms before the mask appeared
(Figure 1). Through the course of training the “letter” and “face” SOAs were decreased (when
performance in a 48-trial block exceeded 90%j) so that when training was complete, the “face”
SOA varied between 133ms and 160ms and the “letter” SOA ranged between 173ms and 200ms,
depending on the subject’s performance level on these fasks. Training was said to be complete
when subjects SOAs had stabilized below 250ms on the central task and 160ms on the peripheral



task for a one-hour session. For 3 subjects, one set of 50 randomly selected individuals was used
as stimuli, while the other 2 subjects were trained on another set of 50 individuals. Subjects
received the same amount of {raining in all three conditions.

DPata Collection:

Once training was complete, the SOAs for both tasks were fixed and data was collected over five
consecutive 1-hour sessions. We considered each session as “valid” if the subjects’ performance
on the letter task was above 70%. Additionally, we ensured that the letter performance in the
dual-task condition was not significantly lower than performance in the single-task condition.
This was to ensure that subjects were effectively focusing attention at the center. Each one-hour
session consisted of four blocks of 48 trials in each single task condition and six blocks of 48 trials
of the dual task condition.

Controk:

During a final control session, each subject was asked to perform gender discrimination on a set
of novel stimuli (7 views of the 50 individuals that they had not seen during training or data
collection) under the same conditions as previously. Each session consisted of four blocks of 48
trials in each single task condition and six blocks of 48 trials of the dual task condition.

References

Braun, J., & Julesz., B. (1998). Withdrawing attention at little or no cost: Detection and
discrimination tasks. Perception and Psychophysics, 60(1),1-23.

Bruce, C.J. (1982). Face recognition by monkeys: Absence of an inversion effect.
Neuropsychologia, 20, 515-521.

Desimone,R., Albright, T.D., Gross, C.G., & Bruce, C.J. (1984). Stimulus-selective properties of
inferior temporal neurons in the macaque. Journal of Neuroscience, 4, 2051-2062.

Desimone,R. (1991). Face-Selective Cells in the Temporal Cortex of Monkeys. Journal of
Cognitive Newuroscience, 3(1),

Freedman, D.]., Riesenhuber, M., Poggio,T.,& Miller, E,K., (2001). Categorical Representation
of Visual Stimuli in the Primate Prefrontal Cortex. Science, 291, 312-316.

Kreiman, G.., Koch, C., & Fried, L, (2000). Category-specific visual responses of single
neurons in the human medial temporal lobe. Nature Neuroscience 3(9), 946-953.

Lee, D.K., Koch, C., & Braun, J. (1999). Attentional capacity is undifferentiated: Concurrent
discrimination of form, color, and motion. Perception and Psychophysics, 61(7), 1241-1255.

Li, F.,, VanRullen, R,, Koch, C., & Perona, P. (2001). Rapid Natural Scene Categorization
Without Attention. (presented at Society for Neuroscience).

Perrett, D.L, Mistlin, A.]., & Chitty, A.J. (1987). Visual neurones responsive to faces. Trends in
Neurosciences.1((9),358-364.

Sheinberg, D.L., & Logothetis, N.(2001). Noticing Familiar Objects in Real World Scenes: The
Role of Temporal Cortical Neurons in Natural Vision. Journal of Neuroscience 21(4), 1340-1350.

Sigala, N., & Logothetis, N., (2002). Visual Categorisation shapes feature selectivity in the
primate temporal cortex. Nafure 415, 318-320.

Treisman, A, & Gelade, G., (1980). A feature-integration theory of attention. Cognitive
Psychology, 12(1), 97-136.



