











Assumptions about the meaning of eye movements

Saccades are voluntary, quick, ballistic eye movements that take the eye from one fixation point to the
next. The wide appreciation of volitional control has encouraged the use of saccades as overt indicators
of otherwise h'idden cognitive processes. But as Kowler (1990) states: “Reading thoughts from saccades
is a dangerous business if it is assumed that where one looks, or how long one looks in a given place,
is completely a function of choice of interest, independent of the constraints imposed by the saccadic
programming apparatus itself. On the other hand, equally troublesome would be a search for invariant
relationships between the visual stimulus and saccades under the assumption that performance is
completely a function of the stimulus configuration, ignoring the contributions of voluntary choice,
selective attention, and expectations™ (p. 47). So, what can we learn from eye movement data about
the cognitive and perceptual processes involved in the exploration of the visual world? There are
several serious difficulties with the assumption that mental processes can be inferred inductively on
the sole basis of experimental findings about eye movements (Viviani, 1990).

It is often assumed that the location of an eye fixation is related to the direction of attention. In
line with this assumption some investigators assume that attention is always locked to fixation; they
regard the movements of the eye as the movements of attention. It seems evident that the two ways
of directing are at least related to eachother, but a one-to-one relationship can be questioned. There
is much empirical evidence that the direction of attention and the position the eye is pointing at need
not necessarily coincide (e.g, Posner, 1980). It appears in fact that, under appropriate conditions of
pre-cueing, visual attention can be directed almost everywhere in the visual field, irrespective of the
actual direction of the line of sight (Viviani, 1990). Moreover, there is at least some evidence that the
direction of attention can - continuously or abruptly - change during an eye fixation. Van der Heijden
(1992) suggests that covert attention, in cooperation with higher order processes, determines whether,
and if so where, the eye has to move. “The starting assumption is not that the eye as a spotlight and
attention as a spotlight complement each other in the sense that now the one, then the other perform
the job. The starting assumption is that the eye and its movements and attention and its ‘movements’
have different functions and that they complement each other in the sense that both overt orienting and
covert orienting are involved in performing the job; that there is not redundancy or duplication but a
real cooperation or collaboration” (p.122). In Van der Heijden’s view, a (saccadic) eye movement is
just another response that can be given temporal priority by attention. If attention can perform its
temporal ordering function in agreement with the quality requirements of the total information
processing system, no overt eye movement is called for. If processes, responsible for the performance
of one or another type of task, complain about the quality or spatial grain of the visual information
they are supposed to work upon (‘cannot read it’) an eye movement is called for (see also Van der
Heijden & Hagenzieker, 1992).

Selective attention can be moved about without saccades, but the reverse - the question of whether
saccades require corresponding attentional shifts - is less clear. Klein (1980) did conclude that saccades
could be made without shifts in attention, but his interpretation of results can be questioned (Kowler,
1990, p.59). A related assumption is that mechanisms of attention regulate the preparation and
execution of a saccade; attention shifts are assumed to be programs for eye movements, in the sense
that attention precedes the eye movement to the target location (Klein, 1980; Groner, 1988).

An closely related assumption is that eye movements are often taken as indicators of cognitive
activity, the assumption being that what the eye is looking at testifies to what the mind is making of
what the eye is looking at (Gonzalez & Kolers, 1985). The implication is that the location of a fixation
testifies to the semantic aspects of the processing of the material fixated. Gonzalez and Kolers support
the view that the location of fixations merely identifies the regions of the scene from which stimulation
is derived, whereas the semantic or interpretative components are carried out subsequently on those
inputs.

There has been a great deal of speculation concerning the factors that control eye movements in
complex cognitive tasks such as reading, search and picture perception. Although the proposed models
differ in a number of ways, the major distinguishing characteristic of the models is the relationship
between ongoing cognitive activities and the duration of fixations and the length of saccades. At one
extreme, ‘global control models’ view the details of eye movements as having almost no relationship









Which dependent variables have been used?

In most studies two dependent variables (5 times) were used or more (4 times). Besides eye
movement/fixation data, reaction time (in 4 studies), head movements (3), speed or other driving
behaviours (3), workload questionnaires (3) or other variables were measured. Only occasionally other
measures than eye movements were collected because of the problems concerning the underlying
assumptions about the interpretation of eye movement data (Gallagher & Lerner, 1983; Luoma, 1991;
Noy, 1990). In five studies only eye movement data were collected (Miltenburg & Kuiken, 1990;
Erikson & Horberg, 1980; Mortimer & Jorgeson, 1974; Zwahlen, 1991; Sivak et al., 1986).

Task and number of subjects

The number of subjects varied from 1 (Rahimi et al., 1990) to 75 (Luoma, 1991). Mostly between S
and 25 subjects were used. In ten studies the task of the subject consisted of real driving in a real life
environment, sometimes they had to perform an additional secondary task. In the other studies the
subject drove a simulator (Noy, 1990), pretended to ride a bicycle while seated at the passenger’s seat
of a van (Wierda et al., 1990), watched video pictures (Miltenburg & Kuiken, 1990) or answered
questions while looking at static slides (Gallagher & Lerner, 1983).

How have eye movements been recorded?

In most studies (10) eye fixations were recorded by using the cornea reflex method. Usually the output
from a television camera viewing the corneal image is electronically mixed with the output from
another camera viewing the scene that the subject is looking at; the resulting display, has a bright spot
at the point in the field of view which the subject is fixating at any moment (see Carpenter, 1988).
Since this method is quite sensitive to head movements, the equipment is usually mounted on a helmet
which moves with the subjects’ head.

In three studies (Verwey, 1991; Hancock et al., 1990; Rahimi et al., 1990) eye movements were
collected by means of direct viewing of video pictures. Simply observing a subject’s eyes one can
detect crude movements, for example to the left, right, up or down.

In one study electro-oculography (EOG) was used (Noy, 1990). Electrodes placed in the region
of the eyes register potentials that change in synchrony with their movements. However, this method
has a number of drawbacks. It is for instance not clear what the origin is of the corneoretinal potential.
Moreover, the potentials also change when an eye movement is planned but not executed (Carpenter,
1988).

Which type of conclusions has been derived?

In general, large effects of road geometry and other situational characteristics were found in all
fourteen studies. Also strong individual differences were reported quite often; and (smaller) effects of
‘workload’ (usually coinciding with traffic environment), vehicle characteristics, or driving manoeuvres
were found. The conclusions are often reported in terms of frequency and duration of eye fixations,
and sometimes in terms of fixation sequences. But how should these findings be interpreted? Should
one be satisfied with “results that are in line with common sense”? (Erikson & Horberg, 1980).

Discussion

As stated in the introduction many assumptions about the meaning of eye movement (fixations) have
been expressed but it is still not clear how (and whether) they reflect underlying processes, such as
attention. It was hypothesized that studies in which such assumptions have been explicitly taken into
account and in which ‘precautions’ were taken, in the form of e.g. additional dependent variables,
would come up with the most useful results. In general, it seems indeed that when no specific
hypothesis is formulated and eye movements are the sole dependent variable, the results obtained are
hard to interpret. And conclusions in terms of frequency and duration of fixations are difficult to



interpret without assumptions about their meaning. So, while the validity of underlying assumptions
about the meaning of eye movements can be questioned they also add - when explicitly taken into
account - to the understanding of the processes being investigated. Therefore, the research objective
should not only be formulated in terms of e.g. distributions of eye fixations or other quantitative
parameters of eye fixations, but also in terms of content-specific interpretations. Besides, assumptions
and research objectives, however, also other factors seem to play a significant role.

An important factor seems to be the fask the subjects had to perform during the experiment. In
many cases the task of the subject was ‘to drive a car as normally as possible’ without further
instruction. This seems to lead to strong individual differences which in turn result in non-significant
effects of experimental conditions. By using a more specific (additional) task - e.g., “which sign did
you see?”, cf. Luoma (1991); or “should you stop at this crossing or not?” cf. Wierda et al. (1990) -

the investigator can determine beforehand at what locations the ‘relevant’ eye fixations should be
analyzed. This specific task has another advantage in that also additional dependent variables
(percentage correct, reaction time) can be measured in combination with the eye movements. Also
because of the strong individual differences in eye movement behaviour, a considerable number of
subjects is needed to be able to find significant effects of experimental conditions. Furthermore, the
use of controlled independent variables adds to the interpretability of the results. This is not always
easy to establish since almost all studies were conducted under ‘real life’ conditions. When differences
between traffic situations result in different eye movement patterns or durations one can often not tell
which differences contributed to this effect. When, for instance, ‘crowdedness’ was varied (Miura,
1990), besides traffic density also the geometry of the road environment and the driving speed
covaried.

In many of the reviewed studies some but not all of these ‘prerequisites’ are met. The following
examples serve to illustrate this. Sivak et al. (1986) investigated eye fixation locations of drivers
following a lead car. They formulated the explicit assumption that it would be safer when fixations are
located closer to the position of the brakelights than when they are farther away from the brakelights,
because the driver would be able to react faster to them. They measured eye fixations, but not reaction
time; the latter could have resulted in stronger conclusions than they were able to derive with the eye
fixation data. A second example is a study by Miltenburg and Kuiken (1991) who investigated eye
fixations of experienced and inexperienced drivers while they were watching various recorded traffic
situations on a tv-screen. There was no specific task instruction and due to strong individual
differences, no statistically significant effects were found. And Zwahlen (1991) collected eye
movements of nine experienced drivers while they were instructed to drive through a number of curves
as they would normally do. Zwahlen did not use independent variables (he wanted to compare the
observed eye movements with formal rules about looking behaviour). His conclusion was that “there
appears to be no discernible simple systematic eye fixation sequence pattern within and between the
runs of a single driver, as well as between the runs of different drivers” (p. 182).

The state of affairs in theory about visual perception, and the meaning of eye movements in
particular, is reflected in the nature of the reviewed studies in the area of traffic safety: most were of
an exploratory character. At the same time a tendency exists to strive for ‘ecologically valid’ research,
in which real driving in real traffic environments is studied. This is probably encouraged by the
available advanced eye movement registration equipment, although the ecological validity of driving
around with a helmet (which reduces at least part of the peripheral vision) can be questioned. The
suggested ‘prerequisites’ concerning the research design for studying eye movements in traffic possibly
pose (additional) limitations to the much strived for ‘ecological validity’ of the research in this area,
but they are expected to lead to better interpretable, theoretical sound results and applicable results,
particularly when these studies in traffic safety research are conducted in line with current knowledge
about accident data and driving behaviour.






