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Abstract

The useful visual field (UVF) is defined as the area around the fixation point from
which information is briefly stored and interpreted during a visual task. It corresponds
to the part of the peripheral visual field around the fixation point inside which sources
of information can be processed without any movement of the eyes or the head. It is
determined while carrying out a dual task (detection in the central part and the
peripheral part on the visual field). The UVF is assessed on the basis of the number of
signals detected in the peripheral task in which the participant has to detect the presence
of a signal located at different eccentricities in his visual field. The drivers’ UVF can be
influenced by internal factors causing a tunnel-visionlike phenomenon. Here, the
influence of anger and sadness on the UVF is studied. The results revealed a positive
effect of anger: better detection in the central task without decreasing the detection in
the peripheral task. Secondly, a tunnel-visionlike phenomenon was also observed in
sadness. A classification of these emotions in the inattention taxonomy is discussed.

Introduction

The useful field of view was firstly defined by Mackworth (1965). It is the area around
the fixation point from which information can be briefly identified and stored during a
visual task. This field corresponds to the part of the peripheral visual field around the
fixation point inside which sources of information can be processed at a single glance,
i.e. without any movement of the eyes or the head (Ball et al. 1988, Sanders 1970,
Scialfa et al. 1987). The useful visual field is evaluated during a dual task in which
participants have to detect signals in the central part of the visual field and to detect
concomitantly signals appearing at different eccentricities in the peripheral part. The
useful visual field is therefore evaluated on the basis of the performance obtained in the
peripheral task. The extent of the useful visual field has been assessed in several studies
and particularly during driving. Previous studies have shown that the size of the useful
visual field can vary, depending on the attentional demand. Indeed, several studies have
shown that the visual field of view can vary as a function of the traffic density
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(Crundall, Underwood & Chapman 1997), the use of a telephone (Pachiaudi et al.
1996), the speed of the vehicle (Bartmann, Spijkers & Hess 1991), and individuals’
characteristics, such as age. For example, age can decrease this visual field (Ball &
Oswley 1993) in the sense of a tunnel vision phenomenon. It means that the ability to
detect peripheral signals in a dual task decreased with age, and that older people detects
less peripheral signals than younger people. This difference is more pronounced as the
eccentricity of the signal to be detected increases. Roge & Pebayle (2009) observed in
particular the deterioration of the useful visual field with ageing and its consequences
for road safety. In this study, the data revealed that age interacted with the location of
peripheral signals and that the visual field deteriorates with age with the development of
tunnel vision whatever the density of traffic. Moreover, it seemed that the tunnel vision
phenomenon induced by ageing was not compensated by the level of driving
experience. Other studies developed by Williams (1988) found evidence of a tunnel-
visionlike phenomenon while manipulating the foveal load (matching between the
stimulus of the central and the peripheral tasks) and the instructional set (priority given
to one or to the two tasks) which attempted to bias participants’ allocation of attention
(focus or distribution of attention). In this study, the author manipulated also speed
stress which was induced by the vocal intonations of the experimenter while reading the
instructions. Williams found evidence of a tunnel-visionlike phenomenon when a
central biasing (focused attention) instruction was linked to a difficult foveal load.

If ageing or speed stress could affect the useful visual field, what about personal factors
like basic emotions?

Previous research have already demonstrated that negative emotions can decrease the
available attentional resources (eg, Ellis & Ashbrook 1988) because of the presence of
internal thoughts and ruminations. Effects on the information processing can differ from
negative moods, such as sadness and anger. As an example, sadness is thought to
promote the use of a detail-oriented processing of information (Bless et al. 1996). The
authors then supposed that subjects in negative mood leave their minds wandering,
rather than focusing their attention on the task. Ellis and Moore (1999) supposed that
negative moods can lead subjects to develop irrelevant thoughts and therefore decrease
their attentional resources. They supposed that the emotional states regulate attentional
capacity. The lower capacity of the attentional resources are due to the fact that some
attentional resources that would normally be used to perform the task are impacted by
irrelevant thought in depression or negative mood such as sadness. Moreover, the
authors assumed that attentional resources depends on many factors such as personality,
age, or level of expertise and several studies have confirmed this assumption of limited
capacity. Thus, both depression and anxiety seem to be associated with a reduced ability
to perform complex cognitive tasks (Eysenck & Calvo 1998, Eysenck & Calvo 1992,
Mueller 1992). In a driving context, these internal thoughts affect the driver's ability to
appropriately process the road environment information (Lemercier & Cellier 2008).
But negative emotions do not impact cognitive processes in the same manner.
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Thus, the processing of information during anger differs from those associated with
other negative moods such as sadness, and are more consistent with those pertaining to
positive mood (Lerner & Tiedens 2006). Thus, Pécher, Lemercier, and Cellier (2009)
showed that angry drivers drove more like happy drivers than sad drivers. Other studies
explained that angry participants rely more on their general knowledge and perform
preferentially a top-down processing of information as participants induced in happy
mood (Gilet & Jallais 2011, Lerner et al. 1998). Moreover, several studies have
suggested that arousal may also increase the duration of attentional focusing on the
arousing stimuli, thus delaying the disengagement of attention from it and prioritized its
processing (Fox, et al. 2001).

The differences observed on the cognitive processes between negative emotions could
also be interpreted within another framework. Emotions are defined along two
orthogonal dimensions: the valence (the hedonic value of a mood state) and the arousal.
Whereas anger and sadness are both defined by a negative value of the valence, they
could be disentangled on their level of arousal. This dimension is defined either as the
intensity of an event ranging from very calming, relaxing to highly exciting (e.g.,
Kensinger & Schacter 2006, Russell 1980), the perception of arousal associated with an
emotional experience (e.g., Feldman 1995) or as a level of vigilance or activation (e.g.,
Revelle & Loftus 1992). Thus, sadness is defined with a low level of arousal and anger
with a high level of arousal. The difference obtained along the arousal dimension
concerning the effects of negative emotions on attention could make us think that these
two emotions could impact the useful visual field in a different manner.

Several studies already showed that emotion can lead to inattention (e.g., Lemercier &
Cellier 2008). Inattention can be defined as occurring (Craft & Preslopsky 2009: 3):

“when the driver’s mind has wandered from the driving task for some non-compelling
reason” such as when the driver is “focusing on internal thoughts (i.e., daydreaming,
problem solving, worrying about family problems, etc.) and not focusing attention on the
driving task”
Regan et al. (2011) detailed in their taxonomy the different forms of drivers’ inattention.
Among all the categories, two could be linked to internal factors such as negative
emotions. The Driver Neglected Attention (DNA) which is defined by Regan et al.
(2011: 1775)

“insufficient or no attention to activities critical for safe driving brought about by the driver
neglecting to attend to activities critical for safe driving”

and the Driver Restricted Attention (DRA) which corresponds to

“insufficient or no attention to activities critical for safe driving brought about by
something that physically prevents (due to biological factors) the driver from detecting (and
hence from attending to) information critical for safe driving”.

As previously presented, the effects of attention are not the same along the negative
emotions. We wonder if the negative emotions could belong to the same category along
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the taxonomy proposed by Regan et al. (2011). The effects of anger and sadness on the
useful visual field could help us to categorize these emotions in the taxonomy.

If no deterioration of the useful visual field is observed in anger, we will think that
anger belongs in the DNA category. Because of the ruminations and the prioritized
processing linked to anger, inattention is brought by the fact that drivers even if they
have sufficient available attentional resources, are not focused enough to activities
critical for safe driving.

If the detection of peripheral signals decreases during sadness (in the sense of a general
interference or a tunnel vision phenomenon), the effect of this emotion will belong to
the DRA category. Indeed, if sadness can shrink the useful visual field, it is because of a
biological factor that prevents driver to pay attention to information critical for safe
driving. So, we assume that, because of the internal thoughts that could lead to
inattention during sadness, drivers should have difficulty to detect peripheral signals.
Participants induced in sadness should detect less peripheral signals than participants
induced in anger.

Thus, we assume that sadness will lead to a reduction of the useful visual field in the
sense of a tunnel vision. And, we suppose that, because of the high level of arousal in
anger and the weak impact on attentional resources, the participants induced in this
emotion will detect more peripheral signals than the control group (no emotion
induced).

Method

Participants

53 drivers (age: M = 23.6, sd = 3.27, 38% male) were randomly assigned to one of the
three conditions of mood: 17 were induced in Anger, 15 in Sadness, and 21 in a neutral
mood (control group) using the music + guided imagery Mood Induction Procedure
(MIP) (Mayer et al. 1995). All participants reported driving at least 10 000 km per year,
had normal or corrected-to-normal eyesight, and performed the task individually.

Stimuli

We used a modified version of the paradigm previously developed by Rogé et al.
(2002). The driving scene was placed 1.3 meter from the participant and covered about
50° of the horizontal visual field and 25° of the vertical one. Participants had to drive on
a motor way and follow a car while keeping a constant distance (one and a half line on
the right side of the road, which means about a 40 m distance). No other road user was
present in the road scene except the one the participants had to follow. An orange disk
appeared every 3 seconds for 133 ms on the rear window of the lead vehicle. As a
central task, participants had to detect when the color of this disk becoming darker.
When this change was perceived, participants had to press twice a lever behind the
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wheel as quickly as possible. We used 12 darker disks, these targets appeared randomly,
and the interval between each target was from 19 seconds to 52 seconds. As a second
and concomitant task, participants had to detect brief displays (68 ms) of a red signal (of
an angular size of 0.2°) which appeared randomly in the road scene. Once perceived,
they had to press once a lever behind the wheel as quickly as possible. This peripheral
signal could be located at different eccentricities (4°, 8° and 12°; respectively near,
middle and distant conditions) in the visual field. Each signal appeared as a combination
of the 3 eccentricities and 8 meridians (0°, 45°, 90°, 135°; 180°, 225°, 270° and 315°).
Thus, participants had to detect 24 signals (3 eccentricities X 8 meridians). A peripheral
signal never appeared at the same time as a critical signal in the central task, a random
delay between each peripheral signals was observed (from 7 to 25 seconds). We
measured the percentage of correct responses (critical signals detected) for the central
task and the percentage of signals correctly detected in the peripheral task according to
the 3 eccentricities conditions.

Mood-Induction Procedure

Anger, Sadness and the neutral mood have been induced using the combined Mood
Induction Procedure (MIP) developed by Mayer, Allen and Beauregard (1995). This
procedure is a combine technique which associates music and guided imagery.
According to this MIP, participants first listened to the following pieces of music
previously used by Jallais & Gilet (2010) for 4 minutes: Chopin’s “Preludes” and
Prokofiev’s “Alexander Nevsky” to induce sadness; Holst’s “the planets” and
Moussorgsky’ “Night on Bald Mountain” to induce anger. The musical selections used
to induce the control group were recorded by Teyssaire (2003) previously used by
Corson (2006). Afterwards, the experimenter lowered the sound volume of the music
and the participants performed the task of guided imagery during 4 minutes. For that,
sentences describing a situation of everyday life congruent with the emotion induced,
e.g., “You are told by a young relative that she has cancer and only six months to live”,
were then displayed on a screen. Participants were asked to imagine as vividly as
possible themselves in the situation described. Each sentence (8 sentences in total for
each emotion) remained 30 seconds each on the screen. To reinforce the efficiency of
the induction, we used a third mood induction procedure to reinforce the induction
during the driving task. We developed a modified version of the paradigms presented by
Lewis-Evans, et al. (2012) and Gibbons (2009). Three words denoting anger (furious,
anger, enraged) or sadness (crying, sorrow, grief) or 3 pseudowords for the neutral
mood (jucart, fomcal, bloree) were used according to the experimental group. These
words were presented at the same place of the disk and appeared 4 times each for 32 ms
(two frames). A masking image appeared just after the words for 150 ms.

Before and after this induction phase, all participants filled in the Brief Mood
Introspection Scale (BMIS; Mayer & Gaschke, 1988), which requires a self-report of
16-item mood adjectives on a 7-points scale. This questionnaire allows the evaluation of
the valence (mean scores of the adjectives denoting the mood desired, e.g., anger or
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sadness) and the arousal dimensions. To assess the arousal dimension, the mean scores
of adjectives denoting a high/low level of excitation are calculated.

Results

Mood-manipulation check
The valence dimension

We first compared for each group the ratings concerning the adjectives describing the
induced mood from the first (before the MIP) to the second administration of the BMIS
(after the MIP). The mood manipulation was effective in inducing valence. The Anger
group gave higher ratings to the adjectives denoting anger from the first to the second
administration of the BMIS, F(1, 50) = 16.43, MSE = 0.19, p<.001. The sadness group
gave higher ratings for the adjectives denoting sadness, F(1, 50) = 22.18, MSE = 0.36,
p<.0001. The ratings given by the control group did not change for each adjective from
the first to the second evaluation of the valence, F<1.

Comparisons within the second set of BMIS revealed that the groups were in different
moods after the induction procedure. The adjectives denoting anger were assigned a
higher value by the anger group than by the other mood groups, F(1, 50) = 6.33,
MSE = 0.39, p<.01. Similarly, the Sadness group gave higher ratings to the adjectives
denoting sadness than the other groups did, F(1, 50) = 40.09, MSE = 0.56, p<.0001.

The arousal dimension

The mood induction procedure seems to be effective in influencing arousal. As
expected, the arousal scores of the three mood groups differed significantly only after
the second evaluation, F(2, 50) = 4.21, MSE =0.21, p<.05. The scores given by the
Anger group were higher than those given by the Sadness groups, F(1, 50) = 8.38,
MSE = 0.21, p<.01. But the analyses, conducted to compare the sadness and the control
groups, did not reveal any differences in the second evaluation of arousal (F<1).

Useful visual field
The central task

We analyzed the percentage of correct detections using an ANOVA with Mood (Anger,
Sadness and Control) as a between subjects factors. Although the analyzes did not
reveal a main effect of Mood (F(2, 50) = 2.52, MSE = 138.7, p< 0.09). Planned
comparisons revealed that participants previously induced in anger detected more
critical signals in the central task than the two other groups (Control, F(1, 50) = 4.11,
MSE = 54.98, p<.05; Sadness, F(1, 50) = 3.52, MSE = 54.98, p<.05. No statistical
difference was observed concerning the comparison of the Control and the Sadness
groups, F<1.
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Table 1 Percentage of detections (sd) according to the Central Task and the
Mood
Central
Anger 95.38 (7.12)

Control 90.48 (7.26)
Sadness 90.48 (7.95)

The peripheral task

We analyzed data (see table 1) using a repeated measures ANOVA and a 3 (Mood) X 3
(Condition) mixed model design (see Table 2 for means and standard deviations). Mood
(Anger, Sadness, Control) was analyzed as a between subject factor and Condition
(near, middle and distant) as within subjects variable. The results revealed a main effect
of Mood, F(2, 50) = 3.01, MSE = 342.2, p<.05, and Condition, F(2, 100) = 185.09,
MSE = 135.3, p<.0001; and an interaction between these two factors (see Figure 1),
F(4, 100) = 2.54, MSE = 135.3, p<.05.

Table 2 Percentage of detections (sd) according to the Conditions and the
Mood
Near Middle Distant
Control 83.33 (14.43) 66.07 (14.87) 38.69 (15.26)
Anger 82.35 (15.35) 61.03 (19.20) 40.44 (11.29)

Sadness 80.00 (13.19) 47.50 (9.68) 35.00 (11.76)

Planned comparisons did not show any statistical differences between the Anger and the
Control groups along all eccentricities, F<1. Data analyses showed that the Sadness
group detected less signals in the middle condition than the control and the anger groups
(respectively, F(1, 50) = 12.97, MSE = 232.65, p<.001; F(1, 50) = 6.26, MSE = 232.65,
p<.05). No statistical differences were observed for the other comparisons.
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Figure 1 Percentage of detections according to the Conditions and the Mood
Discussion

This research aimed at evaluating the effects of negative moods (anger and sadness) on
the drivers’ useful visual field and at categorizing these emotions in the taxonomy
developed by Regan et al. (2011).

Concerning the effect of anger on the useful visual field, the results presented here
could be quite surprising. Indeed, we supposed that the Useful Visual Field (UVF)
could be greater in anger. It is not possible to conclude in such way as regards to the
lack of statistical differences between the anger and control groups as a function of the
peripheral conditions. But, it seemed that anger have nevertheless a positive effect on
the useful visual field in the sense that participant induced in this mood have detected
more critical signals in the central task than the control group but without decreasing the
detection of the peripheral signals. How could this result be explained? Either the anger
group had prioritized the processing of the central task, or this group had a greater
capability to process information in the central area than the control group.

In our study, all participants were not assigned to prioritize the processing to one of the
two tasks in particular. Even if it is not possible to know if the participants gave a
priority to the processing of the central task, the results obtained here are not congruent
with those demonstrated in the literature concerning prioritization. According to the
useful visual field literature, the prioritization of one task should decrease the
processing of the other task. Rogé et al. (2002) tested the effect of the priority given to
one or another task (central vs peripheral tasks). They revealed that the priority given to
the central task processing can decrease the ability to perceive peripheral visual signals
during a low vigilance session. In the same way, Williams (1988) but also Chan and
Courtney (1994) have demonstrated that the priority given to the central task can lead to
a tunnel vision phenomenon. Indeed, a high performance on the central task should have
deteriorated the performance on the peripheral task. Interestingly, we did not observe
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this pattern as the anger group has detected as many peripheral signals as the control
group.

Is more attention allocated in the central area during anger? We could easily imagine
that the high level of arousal which defines anger can let individuals to process more
visual signals or to increase the processing of visual information in the fovea area.
According to Fox et al. (2001), the duration and the focusing of attention in arousal
situations such as anger are increased. This could explain the anger group’s
performance in the central task. May be the subliminal stimulation in this group (the use
of arousal words) has primed the processing of the central task. Gibbons (2009) showed
a priming effect of unconscious words and that to be effective the prime words need to
be high on the arousal dimension. The words used for the anger condition met this
criterion contrary to those used for the sadness condition. It could be possible that angry
drivers only have focused their attention to the central task because of the high arousal
priming of the subliminal information displayed. But, even if the participants have
focused their attention on the central area because of the presence of a high arousal
stimulus in the foveal area, we did not observe any deterioration of the UVF. Now the
question we have to point out is to determine if anger really leads to a better processing
of information situated in this specific area or if the higher efficiency of this mechanism
is due to our methodology.

Further studies have to be developed to discuss this positive effect of anger on the
useful visual field. But, if this positive effect is really present, it also true that anger is
associated with other behaviors such as risk taking (Deffenbacher et al. 2003, Abdu et
al. 2012), or the difficulty to perceive atypical hazards (Stephens & Groeger 2009)
which have a major impact on road safety.

Concerning sadness, it seems that this negative emotion interfered with the detection of
peripheral signals especially at the 8° eccentricity.

Sadness induces self-focused attention (Frijda 1986, Lazarus, 1991) and ruminations,
i.e. repetitive negative irrelevant thoughts that capture attention for a certain period of
time and reinforce the negative emotional state (Joorman and Gotlib 2008, McLaughlin
et al. 2007; Nolen-Hoeksema 1991, 2000, Nolen-Hoeksema et al. 2008). Therefore,
several studies established the negative effects of both sadness and ruminations on
information processing and particularly on attention processes (e.g., Huffziger and
Kuehner 2009, Watkins and Teadale 2001). In our study, the internal and irrelevant
thoughts have certainly decreased the attentional resources available and have therefore
decreased the participants’ useful visual field. Several studies have already shown the
negative effect of sadness on attentional resources (e.g., Lemercier & Cellier 2008). For
instance, Pécher, et al. (2010) assessed the effects of inattention induced by sadness on
selective attention processes using the Attention Network Test (Posner, 1980). This test
discriminates between three independent attention functions: alerting, orienting and
conflict. Their results on reaction times showed that only the orienting function was
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affected when inattentive, with a significant alteration on spatial information processing.
It seems that the inattention provoked by sadness have a negative impact both on the
attentional processing and the allocation of these resources but also in the capability to
perceive peripheral elements.

Further studies are needed to explore the effects of sadness and anger on the drivers’
useful visual field by using more ecological experiments. The opposite effects of these
two negative emotions argue the necessity to study these two emotions. Our hypothesis
concerning the category in which these emotions take part in the inattention taxonomy
(Regan et al. 2011) is enhanced: drivers in anger have sufficient attentional resources,
drivers in sadness not. Moreover, the deterioration of the UFV observed in sadness
could be defined as a biological factor that can prevent drivers to detect critical
information for safe driving. It really seems that anger could be associated with DNA
and sadness with DRA, but studies are needed to explore further this hypothesis. These
results enlightened the crucial role of emotion on driving and in the comprehension of
their relations with inattention.
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