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Abstract—Are visual and verbal processing systems functionally
dependent? Two experiments (one using line drawings of com

it973) or pictures (Klapp, Anderson, & Berrian, 1973) increases V
ntba number of syllables—even if a word is generated only implic|

objects, the other using faces) explored the relationship between trel not actually produced. There is also a large literature on reg

number of syllables in an object’'s name (one or three) and the vi
inspection of that object. The tasks were short-term recognition
visual search. Results indicated more fixations and longer gaze
rations on objects having three-syllable names when the task en
aged a verbal encoding of the objects (i.e., recognition). No effec

suggmonstrating a relationship between a word’s length and the
addration on that word (see Rayner, 1998, for a review). We ex{
AHese findings, showing that the number of syllables in a pictg
Ogthject’'s name can affect the time spent looking at that object, €
Isv@fien the task does not explicitly require naming.

syllable length on eye movements were found when implicit naming Although several earlier studies have described relationships

demands were minimal (i.e., visual search). These findings sug
that implicitly naming a pictorial object constrains the oculomot
inspection of that object, and that the visual and verbal encoding o
object are synchronized so that the faster process must wait fo
slower to be completed before gaze shifts to another object.
findings imply a tight coupling between visual and linguistic proce
ing, and highlight the utility of an oculomotor methodology to und
stand this coupling.

g&"éen oculomotor variables and either the visual properties of pi
OFial objects and scenes (Groner, Walder, & Groner, 1984; Ko
f a990; Mackworth & Morandi, 1967: Yarbus, 1967) or the linguis
th®perties of words and sentence structure (Balota, Pollatse
B@Ayner, 1985; Dobkins, Morris, & Rayner, 1992; Ferreira & Hend
S8on, 1990; Just & Carpenter, 1980), only a handful of studies
Plbridged these two domains by investigating the constraints imp
by language on the viewing of pictorial objects. Tanenhaus, Spi
Knowlton, Eberhard, and Sedivy (1995) monitored subjects’

People have at their disposal two mechanisms helping the

remember objects in scenes over brief intervals: a verbal mech nf
by which they semantically label objects, then subvocally rehears,

their names in a continuous articulatory loop (Baddeley, 1986;

deley, Lewis, & Vallar, 1984; Baddeley, Thomson, & Buchan r}
1975; Zhang & Simon, 1985), and a “scratchpad” onto which the

encode the visual properties of these objects and their spatial in
lationships (Baddeley, 1986; Brooks, 1967; Hatano & Osawa, 1

Logie, 1986). Given that these two working memory mechanisms

have very different representational formats and time courses, ho

r%)vements as they heard an instruction to manipulate real-world
'Sects. They found that the linguistic referents to objects from a spa
fstruction influenced the moment-by-moment oculomotor inspec
the actual objects (see also Cooper, 1974, and Keysar, Ba
rton, 1998). More recently, Meyer, Sleiderink, and Levelt (19
bund that subjects looked longer at objects with low-freque
rY%mes than those with high-frequency names in a task requiring

iming of two depicted objects. This relationship between an obje
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name and its viewing time, although clearly implying synchrony, n
be specific to the explicit verbal response required in this study
subjects are not instructed to produce the name of an object, th¢

verbal and visual encoding synchronized to particular objects |n_a

scene? One possibility is that they are not. If these processe

modular and lack coordination, observers may independently rap,

sent the visual features of one object while encoding the nam

another object into an articulatory buffer. The second possibility, ha?1

these two mechanisms are synchronized to a given object, rais

problem of coordinating behaviors having different time courges

What happens if the visual encoding of an object finishes befor
verbal representation? If visual and verbal encoding mechanism
synchronized, the time spent by an observer looking at a parti
object may therefore depend on the name attached to that obj

encoding is unsynchronized, no oculomotor dependencies on lin Yiss

tic structure would be expected.

In this article, we report evidence for synchrony, and in so dai

demonstrate an important linguistic constraint on visual behavior
free-viewing memory task. The specific linguistic variable consid
in this study is word length. Earlier work has shown that naming ti
to words (Eriksen, Pollock, & Montague, 1970; Spoehr & Smi

name may not be retrieved before gaze shifts away.

“In a study similar to our own, Noizet and Pynte (1976; see 3
nte, 1974) investigated whether this relationship between o
naming and viewing behavior is obligatory. They did this by instr

Slﬂg?esubjects to serially shift their gaze to a set of three objects al

silently identify each in turn. The objects had either four- and fi

yllable names (in French) or one-syllable names (k&@jcoptere vs.
mr%in). No verbal response was required, and subjects were as
at they would not be tested on these objects later. Despite

ular . . - . .

C{nwlmal task requirements, and the distinct absence of instructio
\'{e_rbalize the object names, Noizet and Pynte found that sub

ooked about 207 ms longer at the multisyllable items—an effect

. attributed to a spontaneous implicit labeling of the pictorial object

.n?lg) and a relationship between labeling and oculomotor behav

ina : ; .

e The current study provides further evidence for visual-verbal
c%ronization by both establishing boundary conditions on when
es . . . .
synchrony might be expected and addressing problems in Noize

r]Dynte’s (1976) study that cloud the interpretation of this earlier w
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Although intriguing, Noizet and Pynte’s (1976) study had several
Address correspondence to Greg Zelinsky, Department of Psychologilortcomings. First, because their subjects were not assigned a task, it

Psych B Bldg., Room 240, SUNY Stony Brook, Stony Brook, NY 11794iS unclear whether and to what extent subjects were identifying| the
2500; e-mail: gzelinsky@notes.cc.sunysb.edu. objects. Furthermore, if Noizet and Pynte were correct in suggesting
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that objects are named spontaneously during identification, the
effect of name length should not vary as a function of task. There
we examined the effect in two tasks that differed in their demand
verbal encoding. Second, Noizet and Pynte used only 7 items in
length condition (14 total), and 2 items had to be discarded bec

they did not establish that their other stimuli were free of such p
lems. In our study, we selected pictures that had very high n
agreement and that were equated in a categorization pretest—th
eliminating most variables potentially confounded with name len
Third, because one cannot dissociate a picture of a common o
from its name, finding an effect of name always leaves open
possibility that some uncontrolled visual or conceptual variable

actually responsible for the result. To address this concern, we sd
evidence for visual-verbal synchronization in both common obje
(Experiment 1) and arbitrarily paired face and surname stimuli (
periment 2). By comparing different encoding conditions, and ¢
trolling potential confounds, these experiments provide important
information about the relationship between linguistic structure

visual behavior.

EXPERIMENT 1

This experiment assessed the effect of name length on the vie)
of common pictures during the study period of a short-term men

having one-syllable names (e.ball, harp) and objects having at leag
three-syllable names (e.gelephant bicyclg. We refer to these a
one- and three-syllable objects, respectively. Each study display
picted two one-syllable objects and two three-syllable objects (
1a), and the observers’ task was to study these objects in prepal
for a recognition test (Fig. 1c). Eye position data were collected

ing the study period (Fig. 1b). Verbal-visual synchronization in t
task would be revealed if the oculomotor inspection of the st
objects varied with the number of syllables in their names. Note
although this task did not require the use of object naming, i
nevertheless likely that subjects preparing for a short-term men

Method

Subjects

Six students from the University of Illinois at Urbana-Champai
were paid for their participation in the eye-tracking experiment. ]
different students performed the pretest. All subjects were naive
regard to the questions under investigation and had normal or
rected-to-normal visual acuity.

Materials
selected from the Snodgrass and Vanderwart (1980) norms. Tw
lection criteria in addition to name length were followed. First, t

selected items averaged 93% name agreement in both length ¢

lems Noizet and Pynte (1976) discovered in their stimuli. Second

their results suggested problems with the name or picture. Howey

recognition task. The pictures were divided into two groups: objé

test would have used a verbal encoding strategy (Conrad, 1964).

Twenty one-syllable objects and 20 three-syllable objects we?

tions (Snodgrass & Vanderwart, 1980), eliminating one of the pnoB‘:jl pro

0
el

time

b

Fig. 1. Displays and eye movements in a representative trial in

periment 1. A study display (a) was presented, and the observer’

movements during this study period were recorded (b). The test

play (c) appeared 2.5 s after the observer terminated the study dig
gin (b), eye movements are shown as gray lines, and fixations
reghown as black circles. Circle diameter indicates relative fixat
WHHration.

cor-
prior to a picture and had to make a speeded judgment as to

agreement. They therefore had to identify the picture, but did not
to retrieve its category name, because this was provided. Fo
gject groups used in this experiment, the one-syllable items
N g%t_egorized in 522 ms and the three-syllable items in 523 ms—
h roviding a control for visual-complexity and typicality differenc
ﬁ}ﬁ't might otherwise have affected categorization times (other pg

o

blems identified by Noizet and Pynte).
the

items selected were equated for ease of identification using a sta
categorization pretest based on the procedure followed by Mu
and Brownell (1985). In this pretest, subjects saw a category n

126
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afoer common objects (Fig. 1). The identity and location of objects
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Table 1. Eye movements as a function of task and number of syllables in object name

Fixation

number Gaze duration

Initial
fixation duration

Total
fixation time

Total
fixation number

1-syllable 3-syllable 1-syllable 3-syllable 1-syllable 3-syllable 1-syllable 3-syllable 1-syllable 3-syllable

Task name name name name name name name name name name
Object recognition 2.21 2.54 567 700 4.22 4.78 1,028 1,235 252 246
Face recognition 2.34 2.66 833 1,013 4.27 4.72 1,512 1,770 285 289
Face search 1.21 1.18 225 224 2.12 2.25 450 547 194 196

Note. Fixation number and gaze duration refer to eye movement during the initial viewing of an object (before looking at another object); total
fixation number and total fixation time include gaze shifts back to a previously viewed object.

these displays were random, with the constraints that each did
depicted 2 one-syllable and 2 three-syllable objects and that ea
the 40 objects appeared three times in each of the four display

tions. The 6 observers freely viewed these study objects for as lo
they wished, with the intention of remembering their identities; w
they were done studying the objects, they pressed a button termin
the display. Following a 2.5-s blank interval, a single centrally pc
tioned object appeared, and the observers had to indicate whet
had been presented in the previous display by pressing one of
hand-held buttons. There were 20 practice trials and 120 test t
Trials were evenly divided into randomly interleaved target-preg
and target-absent conditions. No feedback was provided.

Each object in the study display subtended at most 6.9° of vi
angle horizontally and 5.0° vertically, was separated from its ned
neighbor by 8° (center to center), and had an initial visual eccentr
of 5.6°. Eye position was recorded throughout the study display u
a Fourward Technologies Generation 5 Dual-Purkinje-image ¢
tracker sampling at 1000 Hz. A roughly 12.5°/s velocity-based al
rithm was used to extract fixations off-line. A fixation was attribut
to an object if it fell within the 6.9° x 5.0° bounding box enclosing t
object.

Results and Discussion

Results are reported for five dependent measures, including

fixation numbey the number of initial fixations on an object befo
gaze shifted to another object; @dze durationthe summed duratio
of all fixations during the initial viewing of an object; (ttal fixation
number the total number of fixations on an object, including revi
tations of that object; and (ddtal fixation time the summed duratio
of all the fixations. We included both initial and total gaze measy
to determine whether a syllable effect extends beyond initial view|
We also report (e) thaitial fixation durationson objects, although
we did not expect this measure to be reveafing.

Evidence for an effect of number of syllables on object inspec
would suggest visual-verbal synchronization during the encodin

ptdyjects into working memory. The results (Table 1, top row) indic
chsoth a relationship. The data were analyzed by both subjgind
boms (). Observers made an average of 0.33 more fixations
godgects having three-syllable names than on objects having
esyllable names in their initial viewing of these itemg5) = 2.54,p
ating052; t,(37) = 4.09,p < .001. Consistent with these addition
sfixations, gaze duration on the three-syllable objects was longe
har3B ms,t,(5) = 2.96,p = .032;t,(37) = 5.64,p < .001. Both of
timese effects were more pronounced when the total viewing beh
ial|as considered. Observers devoted an average of 0.56 more fixg
ettt the study of the three-syllable objects than to the study of ¢
syllable objectst,(5) = 3.04,p = .029, and,(37) = 4.48,p < .001,
suakulting in a mean additional inspection of 207 1§5) = 3.05,p
rest.028;t,(37) = 5.31,p < .001. As expected, no effect of number
ciyllables was found for initial fixation duration,(5) = 0.80,p =
sirH2. Given that the pictures were equated for categorization diffic
2yie-the pretest, these differences suggest an effect of object nam
goeulomotor inspection.
ed Because our argument for verbal-visual synchronization rest
athe assumption that subjects were requiring more time to implig
name the multisyllable objects, we derived a direct measure of
variable. To estimate the spoken name durations, one of us spoke
of the names in the context of a carrier sentence, which was digit
at 22.255 kHz using SoundEdit™ 16 speech analysis software.
other author then used this same software to isolate the name fro
$éprech waveform and obtain its duratfoAs expected, an analysi
ecomparing the durations of the one- and three-syllable spoken n
revealed a pronounced 187-ms effect of the number of syllat{&%,
= 7.77,p < .001. However, despite this difference, the number
sisyllables in a name is not a perfect predictor of name duration bec
some syllables take longer to pronounce than others. To relate
redsdual gaze durations directly to speech, we correlated the sp
ngame durations of the 40 objects with the corresponding m
object-gaze durations (Fig. 2). This analysis yielded a Pears|
coefficient of .73, meaning that name duration accounted for 5
iof the variability in gaze times. Separate correlations on the ¢
y afid three-syllable data yielded coefficients of .24 and .59, res

1. In pilot testing, we observed that many of the initial saccades tqg
object landed on or near the object’s leading edge, and were followed
corrective saccade bringing gaze to the object’s interior. We therefore su
that noninitial and initial object fixations may serve different functions in t
task, with the former being true opportunities for object processing and

an 2. It is unlikely that the author’'s knowledge of the hypotheses under
byestigation introduced a bias into the name-duration estimates. Although
spader would have expected the one-syllable names to be shorter than the
hisyllable names, neither of us had available the exact gaze-duration v
tharing the recording or segmenting of the speech patterns, thereby makin
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tively.®> Note that the correlation within the three-syllable items I[E
particularly important because it suggests a direct relationship| be 900 =+
tween gaze duration and inner speech beyond a relationship bas ©
strictly on syllable number. 800 + o
2
EXPERIMENT 2 e 700
. _ 2 600+
Although the effects of syllable number on gaze in the first ex- ®
periment suggest a verbal encoding of objects during study, this vigw 5 500 4
ing behavior might also reflect other differences between the objecty
or their depictions. For example, if the objects having three-syllahle @
names also happened to be more detailed or interesting, then Visu g 400 1 ¢ 13Syllable
factors, not the linguistic structure of the object names, might hayed <¢ 3 Syllable
determined the viewing behavior. Or perhaps people just prefer(tt 300 ¢
look at elephants more than they do at boots. Although the clgs
relationship between gaze and naming duration (Fig. 2) makes slic 200 4 + 4 + + + |
explanations implausible, they cannot be entirely ruled out in a cor- 200 300 400 500 600 700 800 900
relational design. To eliminate such possibilities while replicating the
earlier pattern of results, we conducted a similar memory experimen Spoken Name Duration (ms)
but using faces as stimuli. Unlike common objects, a given face|can
be arbitrarily assigned a name. Arbitrary assignment meant that face-

name pairings could be counterbalanced for number of syllak

thereby eliminating the possibility of visual properties confound|n§l

the linguistic manipulation.

Experiment 2 also addressed the encoding conditions neede
visual-verbal synchronization. If the synchrony observed in Exp
ment 1 was caused by the implicit naming of objects in the short-t
memory task, then the effect would disappear if the selected tas
longer involved naming. To test this possibility, Experiment 2 u
both a recognition and a visual search task. Unlike a recognition
in which subjects have to encode the study items in preparation
memory probe, in visual search the target item is presented

followed by the search array. The encoding demands of these|t

tasks are therefore quite different (Palmer, 1990; Zelinsky, 19
Subjects engaged in search need only encode the single targe
into memory, then compare this item with each element appearir]
the following search array. Because this comparison process nee

involve naming items in the search array, we did not expect to find

effect of number of syllables in the search condition. However
Noizet and Pynte (1976) were correct in suggesting that object na
is a fairly automatic response to a familiar object, then recogni
and search should show similar evidence for an effect of numbeg
syllables.

Method

Subjects
Eight different University of Illinois students were paid for the
participation.

3. The correlation in the three-syllable data was significantly differ|
from 0 (p = .007). The correlation in the one-syllable duration data fai
to reach significancep( = .317), partly because of the lesser variability
the data for that conditiorSOs = 65.7 ms for gaze and 70.9 ms for spok
words) relative to the three-syllable dag&l6 = 79.3 ms for gaze and 80.4 m

I¢dg. 2. Relationship between mean gaze duration on an object an
n&poken duration of the object’s name in Experiment 1. The gray
shows a linear fit to the combined data for the one- and three-syll

d"tgmes.
eri- .
erm Materials

k no
Layere randomly selected from a publicly available face database

t ria & Harter, 1994). The eight names chosen (four one-syllable|
olo4r three-syllable names) had similar familiarity scores (all about
irgﬂ a 7-point scale as rated by 10 judges). The face stimuli used in
eriment were smaller than the object stimuli used in Experime
H ubtending 2.2° horizontally and 2.7° vertically), although the cen
i%]%enter interobject distance and the initial visual eccentricity w
the same. So that eye movements on faces and objects cou
g Bictly compared, the region of allowable face fixation was expan
the dimension of the Experiment 1 objects, meaning that a fixa|
ﬁnght be counted as “on” a face even if it fell slightly off the imag

ming

ion Procedure

r of Subjects were trained in two phases to associate faces with ng
Each subject first studied a static display showing the faces and
corresponding names (Fig. 3a or 3d), and then was tested by vie|
each face and having to produce its name within 3 s. If the sulj
failed to begin producing the name within this period, the name wa
be displayed below the face. Training continued until the sub
could correctly name all of the faces over three consecutive repeti

_of the eight-face set, a process requiring about 20 min.

I A recognition task and a visual search task followed the train
phase. The procedure for the recognition task was identical to
described for Experiment 1 (Figs. 3b and 3c). The subject first stu

A display depicting four faces (two with one-syllable names, two

e'ﬂwree-syllable names), and then indicated whether a following p

inface had appeared among this study set. The visual search tas

Lcreated by reversing the presentation of the study and probe dis

s in each memory trial (Figs. 3e and 3f). Subjects first saw a target

d the

line

able

The stimuli consisted of eight faces and eight names. The faces
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Ainge

Ritterbach

Hazelwood

Killingsworth

Vanerdorn Mintz

Ritterbach

Stoh

Durk

Hazelwood

Killingsworth

Vanerdorn

d

Fig. 3. Examples of training displays (a, d) and displays used in the recognition (b, c) and search (e, f) tasks in Experiment 2. Prig
tasks, subjects were trained to associate names with eight faces (a, d). Except for the fact that face stimuli were used, the present

r to bott
ation of

study (b) and probe (c) displays in the face recognition task was unchanged from the description provided in Figure 1. The search task w:

also identical to the memory task except for the presentation order of the target (e) and search (f) displays. In (b) and (f), eye move

shown as gray lines, and fixations are shown as black circles. Circle diameter indicates relative fixation duration.
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four faces appearing in the following search display. Except for
different ordering of the two displays, the stimuli were identical in
two tasks. Note that the names never appeared in the study o
displays for either task, nor was naming required in order to mak
accurate response. Ordering of the memory and search taskg
counterbalanced across observers, as was the assignment of on
three-syllable name pairs to a given face. There were 80 trialg
observer per task, although only the target-absent data were ang
in the search task so as not to introduce oculomotor biases asso
with a visible target (Zelinsky, 1996).

Results and Discussion

The pattern of viewing behavior observed in Experiment 1

row). Subjects made 0.32 more fixations during their initial viewi
of faces associated with three-syllable names than during their ir
viewing of faces associated with one-syllable namg3) = 4.49,p
= .003, andt,(6) = 3.72,p = .010, resulting in a 180-ms increas
in mean gaze duratiob,(7) = 6.29,p<.001;t,(6) = 3.39,p = .015.
Both effects were again more pronounced when the analyses incl
repeated object inspection, with 0.45 more total fixations and a Z
ms increase in total fixation time for the faces associated with th
syllable namest,(7) = 3.58,p = .01;t,(6) = 3.11,p = .021. As
before, no effect of name length was found for initial fixation du
tion, t,(7) = 0.34,p = .741. Because faces and names were cg

visual or conceptual differences in the stimuli.
In stark contrast to performance in the memory task, visual se
showed no effects of syllable number on viewing behavior (Tabl

explanation for the syllable number effect that relies on inner spg
during memory encoding, as well as previous reports of oculom
task dependencies between reading and search (Rayner & Fis
1996; Rayner & Raney, 1996). Because observers in the search
were not attempting to remember the faces in the search display
names associated with the faces were neither implicitly articulated
encoded into working memory—resulting in no effect of linguis
structure on oculomotor behavibr.

GENERAL DISCUSSION

When people attempt to remember objects in a multi-item disp
the time they spend looking at each object depends on the numh
syllables in its name, and more generally, on the time require
subvocalize this name. This finding has important implications for
encoding of verbal and visual information into working memory. N
only are verbal and visual encoding synchronized to a given obje
a scene, but the faster of these two processes waits for the s

4. The 97-ms difference in total fixation time for visual search (Tablg
bottom row), which appears to suggest an effect of number of syllables, ca
attributed almost entirely to the behavior of 1 subject (the difference drog
12 ms when this participant is removed). Upon postexperiment questio
this observer reported subvocalizing the names of the faces in the search
He suspected a future memory test and used this opportunity to practic
associations. No other observer reported using a naming strategy in the g

common objects was replicated for face recognition (Table 1, mid

terbalanced in this experiment, these findings cannot be attribute

bottom row), allps > .15. This task dependency is consistent with|a

thisocess to be completed. In the recognition tasks reported here
hebserved syllable dependency suggests that the visual encoding
I tgect required less time than the subvocal generation of its nan
e discrepancy resulting in the faster visual encoding device (the

evarizhl coupling imposed by working memory is likely designed
peinimize interference. If visual processing were directed to a
lymbde the verbal system was attempting to encode the vigogo-
Cipmdmusinto working memory, visual or semantic properties of t
tree might interfere with the verbal encoding lippopotamusAp-
parently, observers avoid this conflict by delaying movement
gaze to a new object until verbal processing of the fixated obje
complete.
for The current findings also have implications for the study of vis
erception and speech production. For example, scene and d@
nrepresentation are often described strictly in terms of visual proce
i3 external object is encoded as two-dimensionallifiiff & Edel-
man, 1992; Tarr & Blihoff, 1998) or three-dimensional (Biederma
1987; Biederman & Gerhardstein, 1993) visual primitives, then c
pared with similarly structured internal representations—with the
el of match determining the goodness of recognition. Finding
ect of syllable number on visual behavior suggests that this “f
'evfsion” perspective may be too narrow to account for the complexi
of memory encoding during free viewing. Depending on the tg
people may elect to supplement their visual representations with
u_gl encoding, with a by-product of this dual-encoding scheme bei
ipguistic constraint imposed on the visual processing. Such syng
nization is consistent with recent studies showing a dependenc
51rt(\:%een speech production and the moment-by-moment behavior @
L Rculomotor system in linguistic tasks (Meyer et al., 1998; Tanenh
" &t al., 1995). Our study extends this evidence for visual-verbal
Lhrony beyond the purview of an explicitly linguistic task, showi
ottc?;rat Iingui§tic struc_ture affects both the time course c_>f informat
Cﬁg(r:odlng |n_t0 working memory and the manner in which people
t%%?(bt the visual world.

D,

, [(N€
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