Introduction
In clinical practice, pictures are often used in multiple-choice arrays to assess linguistic
comprehension of individuals with aphasia. From an array of images, the participant chooses the
one that corresponds best to a verbal stimulus. Lack of linguistic comprehension is assumed
when a participant fails by choosing an incorrect foil when in fact participants might have been
influenced by stimulus driven aspects, such as color or size of an object (e.g., Barbur, Forsyth, &
Wooding, 1980; Heuer & Hallowell, 2004; Locher, et al. 1993; Wolfe, 2000). Given that most
patients with neurogenic language disorders demonstrate generalized deficits in attention (HelmEstabrooks, 2002; Murray, 2002), and that many also present with specific visual attention
deficits (Denes, Semenza, Stoppa, & Lis, 1982; Edmans & Lincoln, 1987; Harrington & Drake,
1990; Liesegang & McPhee, 1992; Myers, 1998; Tompkins, 1995; Wilson & Wyper, 1992;
Ylvisaker, 1992), the influence of such characteristics is especially important to consider.
Attentional impairments may affect not only the accuracy and efficiency of an individuals’
language comprehension skills (Murray, 2002), but also the accuracy and efficiency of the
selection of an appropriate multiple-choice response.
Eye movement measures have been shown to yield important information about cognitive
and linguistic processes (Hallowell, Wertz & Kruse, 2002; Rayner, 1989). Physical stimulus
properties and the semantic content conveyed by images have been shown to influence eye
movement patterns (Rayner, 1989). Heuer, Hallowell, Douglas, Kruse and Kim (2004) found
that image sets designed to control for physical stimulus properties and semantic conveyance
evoke less disproportionate looking than image sets not designed to control for those factors.
They reported differences in the degree of disproportionate looking when no verbal stimulus is
presented with multiple-choice image sets having varied degrees of stimulus control. Results of
Heuer, Hallowell, Douglas, Kruse and Kim (2004) and Heuer and Hallowell (2004) indicate that
there are differences in visual attention due to differences in control of image characteristics.
However, results to date have not yielded information regarding which specific image
characteristics account for significant effects on disproportionate looking, and the relative
influence of specific characteristics on differential allocation of visual attention.
The first goal of this study is to explore the influence on visual attention of specific
characteristics of images within multiple-choice image sets that are controlled in terms of
physical stimulus features. The image characteristics studied were derived from a previous study
by Heuer and Hallowell (2004): size, color, orientation, and luminance. The second goal was to
explore viewers’ visual attention under the influence of a verbal stimulus. It is common clinical
practice to present a word, phrase, or sentence together with a multiple-choice image set when
assessing language comprehension skills. If there is an interaction between the verbal stimulus
and the image characteristics of the corresponding multiple-choice display, it is generally
assumed that the verbal stimulus overrides the possible stimulus-driven influences. However,
given the known likelihood of individuals with neurological impairments to have deficits in
attention, the comparison of verbal and nonverbal conditions, using the same image set, may
yield important information about the influence of a verbal stimulus on participants’
performance.

Methods
Participants were 40 adults, age 18 to 24, who were native speakers of English and
reported no history of brain injury or learning disability. For each of the image characteristics, 10
image sets, each containing three simple shapes, were created. Within each set, two images were
controlled for physical image characteristics (majority images) while one image was manipulated
with regard to one characteristic (minority image).
Twenty control image sets were created, each containing three identical simple shapes.
They were presented in random order during the nonverbal condition only.
For the nonverbal condition 60 multiple-choice image sets were for four seconds each on
a computer screen. Participants were instructed to look “naturally” at the displays. Eye
movements were reported with an ISCAN RK 426 pupil center/corneal reflection system at 60
Hz (Hallowell, Wertz & Kruse, 2002).
During the verbal condition participants viewed the same image sets (minus control
image sets and sets with manipulated orientation). Participants were instructed to look at the
image that corresponded best to the spoken word. For half of the sets corresponding to each
image characteristic the verbal stimulus corresponded to the minority image. For the remaining
image sets the verbal stimulus corresponded to the majority images. The verbal stimuli were
single words: green, red, small, large, bright, and dark.

Analysis
A fixation was defined as a stable eye position of at least 100 milliseconds (Manor &
Gordon, 2003). The degree of visual attention was expressed as the proportion of fixation
duration on a particular image. In the nonverbal condition disproportionate visual attention was
indexed via pop-out scores ranging from 0 to 1. 0 indicates equally distributed eye movements
over all displayed images while a value close to 1 indicates a high degree of disproportionate
looking. The equation will be provided in this paper.
Results
In the nonverbal condition, the mean fixation duration allocated to the minority images
(M = .39, SD = .10) was significantly greater than the mean fixation duration distributed to the
majority images (M =.31, SD = .05), t (39) = 4.02, p < .001 (two tailed).
The mean pop-out score of the control image sets (M = .42, SD = .04) is not significantly
different from that of the image sets containing minority and majority images (M = .42, SD =
.08), t (58) = .06, p = .95 (two tailed) in the nonverbal condition. When comparing the mean popout score of the control images to zero, the mean pop-out score (M = .42, SD = .04) was
significantly different from an ideal pop-out score of zero t (19) = 45.09, p < .001(two tailed).
Greater visual attention was allocated to the target in the verbal condition than to the
corresponding image in the nonverbal condition. A significant main effect of both, condition F
(1,58) = 41.02, p > .001 and image type F (1, 58) = 350.32, p > .001 was observed. The
interaction between condition and image type was also significant F (1,58) = 223.37, p > .001.

Proportional fixation durations on minority images were greater when matching the
verbal stimulus than when majority images matched the verbal stimulus. F (1, 28) = 593.31, p
<.001.
Conclusion and clinical implications
In summary, each of the specific image characteristics had a significant influence on
visual attention. Stimulus-driven processes appear to interfere with the influence of the verbal
stimulus, even with participants with no language impairment, as indexed by the mean
proportional fixation durations of minority and majority images within the verbal condition.
There were no statistically significant differences in the influence of the four image
characteristics.
Overall, results support the need for control of stimulus-driven aspects in multiple-choice
displays, especially in the presence of a verbal stimulus. In clinical and research applications
with individuals with neurogenic language disorders, it is not appropriate to assume that, for any
given patient in a given multiple-choice testing situation, the influence of a verbal stimulus
overrides the influence of visual stimulus characteristics.
It is important to further explore the interaction of verbal stimuli and image
characteristics. Specifically, the complexity of verbal stimuli and their interaction with stimulus
driven aspects should be studied.
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