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One explanation for the lack of definite information about fixation-
duration determinants is that much of the relevant eye movement data
has been collected in the context of reading tasks where a number of
uncontrolled variables complicate the study of fixation durations.
Some of the variables that generally cannot be controlled in reading
tasks and yet might influence fixation duration are: (a) comprehension
difficulty—the syntactic and semantic context in which the fixated
material is embedded, (b) peripheral information—the amount and
type of material in the periphery, and (c) fixation location—the direc-
tion and distance of the eyes from one fixation position to another.

"To control for these factors in order to identify the determinants of
the duration of a single eye-fixation, the present experiments em-
ployed a simple, discrete, eye-movement task. Subjects were instructed
to.move their eyes to one or more lctters, fixate as briefly as possible,
move their eyes to a prespecified termination point, and thcn indicate
whether a vowel had or had not been present among the set of letters.
Comprehension factors were controlled and minimized by presenting
very simple target material and requiring a low-level vowel/no vowel
decision. Peripheral factors were controlled by presenting all targets
within an area of 2°, separated from other material by at least 3°. And
finally, location factors were controlled by requiring the same sequence
of eye movements on all trials in a given block such that there was no
positional uncertainty about the next fixation.

Four classes of determinants of cye-fixation duration were investi-
gated in a series of related experiments. The first determinant was
stimulus processing time, the time actually required for the subject to
extractinformation from the stimulus. A second determinant concerns
performance strategy: subjects might be capable of very brief fixation
durations but do not normally fixate as briefly as possible because of the
stress associated with continuous maximum performance. Sequential
factors dealing with the effect one fixation has on the duration of
a subsequent fixation constitute the third class of determinants. The
final set of influences on the duration of an eyc fixation investigated
were the amplitudes of the movements preceding and following the
fixation.

Another possible determinant of eye-fixation duration, saccadic sup-
pression, was investigated in an earlier report (Salthouse, Ellis, Diener,
& Somberg, Note 1). Stimulus identification accuracy was examined
when the stimulus was briefly presented before, during, or after the eye
fixation on the target location. The major result was that identification
accuracy was equally high in the first and last 10 to 50 msec as in the
middle of the fixation. On the basis of this finding it was concluded that
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saccadic suppression has very little effect in situations where the stimuli
are of moderate duration and suprathreshold intensity. Since the cur-
rent experiments employed the same stimulus conditions as the Sali-
house et al. lexperiment, it was assumed that saccadic suppression
probably was not a major factor contributing to the duration of eye
fixations in tffe present context.

EXPERIMENT 1

It seems quiite likely that a portion of the duration of'an eye fixation is
devoted to encoding and interpreting (i.c., processing) the fixated
information, Lllthough the amount of time rjequired for stimulus pro-
cessing is stil}l very much in dispute. Vaughan and Graefe (197 7)
estimate that approximately 200 to 300 msec is requirced for such
processing, aAd Smith (1971) claims that informationis picked up in a
few hundreths of a second but that processing requires another 250
msec. Since the time of Dodge (1907), however, many other research-
ers have claimed that only about 100 msec is required for simple pro-
‘cessing (e.g., #Oftus, 1976; Potter, 1975; Tis ker, 19{518).

The most direct evidence for the duration of stimulus processing has
come from experiments employing tachistoscopic presentations of
visual stimuli. llA variety of such studies (e.g., triksen, Becker, & Hoff-
man, 1970; Eriksen & Collins, 1964; Eriksen & Eril{sen, 1971; Liss,
1968; Spenceﬁ}, 1969; Spencer & Shuntich, 1970) ha\‘{é demonstrated
that simple visPal stimuli can be identified quiJ‘e accurately if an interval
of 100 msec or more clapses between the onset of the stimulus and the
onset of the fql]owing mask. However, since it is virtuially certain that
methodological details such as the nature of the decision task and the
type, size, ancil luminance of the stimuli influence the estimates of
processing time, one must be careful in generalizing: from these ta-
chistoscopic sl}} dies to eye movement situati(‘bns. For itjhis reason, the
present exper}iment was designed to obtai? estimates of stimulus
processing timg in a situation that is directly comparz}qble to that em-
ployed in the accompanying €ye movement experiments.

The experin&ent, modeled after one by Spetling, Butjiiiansky, Spivak,
and Johnson (1971), involved sequential preséntation bf five letters in
the same spatial position on each trial. One-half of the trials contained a
vowel somewhere in the sequence, but its presentation was randomly
varied among the five temporal positions. Only trials in which a vowel
was presented in the second, third, or fourth sequence position are of
concern here beécause of the interest in determining mir-%imum process-

ing time limited by both preceding and following stimuli.

|
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The duration of sequence elements was varied across blocks of trials
in order to examine the relationship between exposure duration and
identification accuracy. Processing time will be defined as the duration
at which the identification accuracy first exceeds a value comparable to
approximately 95% correct decisions.

METHOD
Subjects

Four subjects with normal or corrected-to-normal vision participated in one
practice and four experimental sessions of approximately 50 minutes each.

Apparatus and stimuli

A PDP-11/34 computer interfaced with a Mini-Bee CRT was used to present
upper-case (.3) letters. The CRT was equipped with a rapid-decay P4 phosphor
and the luminance of the targets was approximately .4 cd/m? on a background
of .1 cd/m?

Procedure

Each session consisted of one practice block of 10 trials at 250 msec per letter,
followed by six experimental blocks of 100 trials each at durations of between
40 and 140 msec per letter. On alternating sessions the durations were pre-
sented in the order 140, 100, 60, 40, 80, and 120 msec or in the order 120, 80,
40, 60, 100, and 140 msec.

A vowel was randomly presented on half of the trials and it was equally likely
in any of the five sequence positions. A trial involved the subject fixating on the
target location, inspecting the stimulus letters, and then indicating a decision by
pressing one key on the terminal if a vowel had becn presented, and pressing a
different key if no vowel had been presented.

RESULTS

Performance was assessed in terms of d' by considering correct
judgments of a vowel being presented as hits, and considering incor-
rect “vowel present” judgments as false alarms. Separate d' values were
computed for each sequence position by assuming a common false
alarm rate for all sequence positions in a given block of trials. False
alarms rates ranged from a mean of .02 with the 140 msec duration to a
mean of .15 with the 40 msec duration. The d’ measures for sequence
positions 2. 3, and 4 were averaged for each subject and the means
portrayed in Figure 1.

As an aid in interpreting Figure 1, note thata d' of 2.32 corresponds
to approximately 90% accuracy, and a d’ of 3.28 to approximately 99%
accuracy in a two-alternative forced-choice task (Elliot, 1964). These
results therefore demonstrate that subjects are quite accurate at clas-
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Figure 1. Accuracy (d") as a function of exposure duration, Experiment 1
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EXPERIMENT 2

The 80 to 100 msec estimate of stimulus processing time is consider-
ably less than the 200 to 500 msec durations of most eye fixations. One
explanation for this discrepancy might be that the subject is not under
any specific pressure to perceive rapidly when making eye movements.
If the difference between the typical fixation duration and the tachis-
toscopic estimates of processing time is attributable to some sort. of
stress-minimizing strategy, then subjects should, with sufficient en-
couragement, be able to reduce their fixation durations'to the mini-
mum time required for stimulus processing, i.e., approximately 80 to
100 msec.

This implication is tested in the current experiment by having sub-
jects attempt to produce fixation durations within specific temporal
intervals regardless of the accuracy of their subsequent identification
response. In this manner the relationship between fixation duration
and identification accuracy can be examined, and the minimum dura-
tion at maximum accuracy determined. This duration should be the
fastest possible and thus it can be compared with the value of 80 to 100
msec to test the hypothesis that a strategy factor is contributing to the
duration of a typical fixation.

METHOD
Subjects

Two males with normal or corrected-to-normal vision participated in two
practice, and four experimental, sessions of about 75 min each. One subject
had served in the previous experiment.

Apparatus

The apparatus and stimuli were the same as those described in the previous
experiment with the addition of an Eye-Trac Model 200 eye-movement moni-
toring system.

The algorithm for defining eye movements identified a movementas a .2° or
more change in the eye position in the same direction on three consecutive
samples separatecl by 10 msec each. In a similar fashion, a fixation was iden-
tified when the eye position differed by less than .2° for a period of 30 msec.
Neither a movement nor a fixation was identified if eye position differed by
more than .2° but less than .6° for a period of 30 msec. Eye position was
calibrated at the beginning of each block of trials by requiring the subject to
press a button when fixating successive stimuli separated by known distances.

Procedure

The four experimental sessions each consisted of eight blocks of 20 trials. A
desired range of fixation durations was specified for eachblock and the subjects
were instructed to attempt to adjust their eye movement patterns such that all
fixation durations were within that range. The subjects were aided in their
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attempts to adjust their fixation durations by a visual display presented after
each trial that portrayed the desired fixation durations and the actual fixation
duration on that trial. No penalty was associated with a failure to produce a
fixation within|the goal times; these goals were merely intended to produce a
variety of fixation times and identification accuracies. The values of the goal
times were from 100 to 550 msecin 50 msec stepsand 100 misec ranges, i.e., 100
to 200, 150 t0‘250, 200 to 300, etc. ‘

A trial consisted of the following sequence of events. First, the word READY
appeared on the left edge of the display, soon followed by an asterisk in the
location previgusly occupied by the letter a of the word READY. Next, a single
letter appeared 15° to the right of the asterisk. This was the signal for the
subject to move his eyes to the letter, fixate as briefly as possible, and return his
eye to the original asterisk. Upon refixating the asterisk, the subject’s task was to
press one button on the keyboard terminalif the target letter had been a vowel,
and to press another button if the target letter had not been'a yowel. One-half
of the trials, selected at random, contained a vowel as the target letter.

RESULTS

Approximately 70% of the trials for each subject had appropriate
¢ye movement patterns and were included: in the énalyses. An eye
movement pattern was considered inappropriate if th(j:ﬁxation was not
preceded and followed by a fixation 15° to the left, at the initial asterisk.
Some rejected trials involved the subject anticipating the target and
beginning the movements too early, while others involved the subject
making a mov’Fment that was too short or too long andjwhich requircd
additional corrective movements.

Figure 2 di$plays the fixation duration and identification accuracy
for each trial block for the two subjects. Both subjects are similar in
achieving 100 percent accuracy at fixation durations of about 250 msec.
This result suggests that the fastest possible fixation duration for the
vowel/no vowel decision with a 15° preceding and follo\;ving movement

is approximau‘ely 250 msec.

|
|
DISCUSSION

Experiment 2 provides little support for theL notion that subjects are
capable of mu‘ch briefer average fixation durations than the typical
values of between 200 and 500 msec. Even un fer the special conditions

of the present Experiment it appears that the minimun duration of an
average fixation is around 200 to 300 msec. l |

EXPERIMENT 3

|

Since in norrﬁal vision, fixations are typicall}ff precedefi and followed
by other fixations, sequential effects among su‘ccessive fixations may be
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Figure 2. Speed and accuracy of fixation durations, Experiment 2

contributing to some of the duration of an eye fixation. At least two
classes of sequential effects can be identified. One class might be
termed temporal, in that the time spent on fixation n could influence
the time spend on fixation n + I, regardless of the information ex-
tracted on fixation n. The second class can be termed conceptual, in
that the duration of fixationn + I mightbe influenced by the nature of
the information extracted on fixation n regardless of the time required
to obtain that information.

Both temporal and conceptual sequential effects were investigated
in the present experiment by requiring subjects to fixate on two suc-
cessive targets before making a responsc. Temporal factors were ex-
amined by determining the relationship, on both a trial-by-trial basis
and on a grouped-trial bass, between the durations of the first and
second fixations. Conceptual factors were investigated by manipulat-
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to theright, Fxated on the first target as briefly as possible, moved his eyes to the
second target, fixated as briefly as possible, and then moved his eyes to the
asterisk at the right edge of the display. At this point the subject indicated his
decision by pressing one of two buttons on the keyboard.

The six experimental sessions consisted of the counterbalanced arrange-
ment of two sessions for each of three conditions. Each session consisted of
one practice block of 10 trials followed: by four experimental blocks of 50
trials each.

The control condition, condition G, involved the presentaﬁon of two or four
asterisks as the first target on the trial, and two or four letters as the second
target. In this condition the subjects were required to fixate on the first target,
but to ignore the material and make the decision solely on the basis of whether
the second target did, or did not, contain a vowel.

The two experimental conditions, E (Either) and B (Both), involved the
presentation of two or four letters in both the first and second targets with the
subject instructed to fixate on both targets. A positive response (pressing a
particular button on the keyboard) was to be made if a vowel was present in
either the first or second target for condition E, and if 2 vowel was present in
both the first and second targets for condition B. A negative response (pressing
2 different button on the keyboard) was to be made if neither target contained a
vowel in condition E, or if a vowel was not present in both targets in condition B.
The probability of a vowel was 5 in each of the first and second targets in
conditions B and F, and in the second target in condition C.

Figure 3 contains an iliustration of a stimulus array for conditions E and B
and the action required of the subject at various times in the stimulus sequence.

RESULTS

Approximately 94% of the trials resulted in appropriate (i.e., fixa-
tion, right movement, fixation, right movement, fixation, right move-
ment, [ixation) eye movement patterns. The mean decision accuracies
in the three conditions were: condition C = 99%, condition £ = 98%,
and condition B =99%.

For the convenience of statistical analysis, only the data from con-
ditions E and B were evaluated in an analysis of variance. The analy-
sis on the fixation durations from the first fixation in the sequence
involved Conditions (i.e., E and B), Target 1 Complexity (i.e., two or
four characters), and Target 2 Complexity (i.e., two or four charac-
ters) as factors. Each cell in the design contained 32 entries, the
means of the eight blocks for each of the four subjects.

The Target 1 Complexity factor was significant, F (1, 3) = 20.63,
p < .05, but the Target 2 Complexity factor was not significant,
p > .25. Only the interaction of Condition x Target 1 Complexity
was statistically significant, F (1, 3) = 10.89, p < .05. A significant
condition effect was evident in. the data of subjects 1 and 2,
p< 0001, but not in the data of subjects 3 and 4, p > .15, when
separate analyses were performed on each subject’s data.
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Figure 3. Hlustration of the temporal sequence of display and action for
conditions Eand B, Experiment 3. Either two or four lettersicould be presented
at each targetnbosition. Condition C differed in having asterisks rather than
letters in the fijrst target position |

|

The absence of an effect of target 2 complexity oni target 1 fixation
duration indicates that the number of characters in the subsequent
fixation does not affect the duration of the current fixation. This result
is quite reasonable in that one would expect that séquential effects,
when they exist, would operate in a forward, rathell" than backward,
direction. |

The effect of target 1 complexity on target 1 fixation duration is
illustrated in [Figure 4 for each of the 4 subjects. Notice that in both
conditions E and B, fixation duration is longer (by :%m average of 53
msec per character) when the target contains four| characters than
when it contains just two characters. This result is in marked contrast to
the situation |with condition C. Here, wheh only a%terisks that the
subjects are instructed to ignore are presented in the first target, the
fixation duration is the same with either tW(E) or four characters. Ap-
parently the subjects in condition C are merely fixating as briefly as
possible without attempting to process any information as their fixation
durations arelindependent of the complexity of the istimulus.

The analysis of variance on the fixation durations from the second
fixation in the sequence involved Conditions (ie., E and B), Prior
Vowel (ie., vowel or no-vowel in target 1), Tlarget 1 @omplexity (i.e.,
two or four characters), and Target 2 Complexity (i.e., two or four
characters) asjfactors. As in the preceding analysisg each cell con-
tained 32 means as entrics. ?

y
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Figure 4. Mean fixation duration to the first target in conditions C, E, and B,
Experiment 3

The following effects were significant in this analysis: condition, F (1,
3) = 10.18, p < .0b; target 2 complexity, F (1, 3) = 21.43, p < .05;
Condition X Prior vowel, F (1, 3) = 95.38, p < .005; and Condition
x Prior Vowel x Target 2 Complexity, F (1, 3) = 11.36, p < .05.

The nonsignificant effect of target 1 complexity, p > .25, indicates
that the number of characters in the first target does not influence the
fixation duration on the second target. This result suggests that there is
little relationship between the duration of successive fixations since the
number of characters in the first target did have a substantial effect on
the fixation duration on the first target. Trial-by-trial correlations
confirm the absence of a temporal sequential effect as the mean corre-
Jations across fixation durations on the first and second target were .06
for condition C, .12 for condition E, and .03 for condition B. (Rayner
and McConkie, 1976, have also reported very low (i.e., .13) correlations
between the durations of successive fixations in a reading task, and thus
these results are not specific to the present situation.)

The significant results from the statistical analysis can be clarified
with the aid of Figure 5. Notice that, for each of the four subjects,
condition B is slightly slower than condition E, and that targets with
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four characters are slower than targets with two characters. These
trends accou?nt for the significant main effects of condition and
target 2 complexity. Also note that the condition B/ trials in which a
vowel was present in the first target are slower than the condition B
trials in which a vowel was not present in the first target, but that this
pattern is reversed for condition E. This consistent reversal is re-
sponsible for|the Condition X Prior Vowel interaction. And finally,
the three-wayjiinteraction among Condition, Prior Vowel, and Target
2 Complexity is reflected in the shallower sllopes of the condition B
no-vowel trials and condition E vowel trials, compared to the the
condition B vowel trials and condition E no-vowel trials, respectively.
The significant Condition X Prior Vowel;‘ interaction and the pat-
tern of results portrayed in Figure 5 indicate that there was a sizeable
conceptual sequential effect. Figure 5 shows that when the second
target has to be fully processed in order to make a décision (i.e., con-
dition G, condition B following a vowel, and condition E following a
nonvowel), fixation durations are considerably longer than when the
information from the first target is sufficient for a decision (i.e., condi-
tion B followinig a nonvowel, and condition E following a vowel). The
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Figure 5. Mean fixation duration to the second targetin condit?ions C,E,and B,
Experiment 3. The V and NV following the condition des gnation indicate
trials in which tHe first target contained a vowel (V) or ne vowel (NV)
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magnitude of this effect averaged 70 msec for condition B and 66 msec
for condition E.

A pattern similar to that just described was also evident in the rate of
increase in fixation duration with an increase in the number of charac-
ters. The slope of the functions relating fixation duration to number of
characters was 53 msec per character for condition C, 49 msec per
character for condition B with a prior vowel, and 40 msec per character
for condition E with no prior vowel. In the reduced processing situa-
tion the slopes were 29 msec per character for condition B with no prior
vowel, and 21 msec per character for condition E with a prior vowel.
The conceptual sequential factor thus influences the rate of processing
each character in addition to affecting the overall fixation duration.

DISCUSSION

The major conclusion from this experiment is that sequential effects
among fixations can influence the duration of a fixation. There appear
to be no strictly temporal effects from one fixation to another, but the
influence of information-dependent carry-over effects is on the order
of 60 to 70 msec.

EXPERIMENT 4

Experiments 1 and 2 established two facts. First, the minimum fixa-
tion duration while processing information is about 250 msec. And
second, the time required for actual stimulus processing is less than
half this duration, approximately 80 to 100 msec. Because eye fixations
are preceded and followed by eye movements, it is possible that some of
this discrepancy between average fixation duration and processing
time is attributable to time required to recover from a past; or prepare
for a future, movement of the eyes. If sucha movement-related factor
is influencing fixation durations, one might expect the magnitude of
the effect to be proportional to the amplitude of the eye movement.

Some evidence for a movement-amplitude effect is available in data
reported by Bartz (1962) and Rayner (1978). Both investigators mea-
sured naming reaction time after subjects had stabilized their eyes
following a movement of variable amplitude. The function relating
naming time to amplitude of the preceding eye movement ranged
between 2 to 3 msec per degree in the Bartz study and between 1010 20
msec per degree in the Rayner study. However, in contrast to these
findings, Hyde (1959) reported that the time between successive sac-
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correct direction, fixation) eye movement patterns. Average decision
accuracy was 98%.

The mean fixation durations from each of the four subjects are
displayed in Figure 6. An analysis of variance (with amplitude, direc-
tion, and target complexity as factors and 16 means for each of four
subjects as cell entries), revealed that the amplitude, I’ (1, 3) =
431.58, p < .0001, and target complexity, F (3, 9) = 88.90, p < .005,
factors were the only significant sources of variance.

The slope of the function relating fixation duration to number of
target characters averaged 55 msec per character.

The mean difference in fixation duration between fixations follow-
ing 18° movements and fixations following 6° movements was 72 msec.
The effect of prior movement amplitude is thus about 6.0 msec for
each degree of eye movement.

EXPERIMENT 5

The major results from the preceding experiment were the sig-
nificant effects of target complexity and prior movement amplitude,
along with the absence of an interaction between these two factors. The
present experiment was designed to explore the range of the move-
ment amplitude effect by varying the amplitude of the prior movement
from 3° to 21° in 3° steps. Two levels of target complexity, two or four
characters, were also included in an attempt to replicate the main effect
of target complexity and the absence of a Movement Amplitude
x Target Complexity interaction.

METHOD
Subjects

The subjects were the same as those from the preceding experiment. Each
subject served in one practice and fourteen experimental sessions of approxi-
mately 50 minutes each.

Stimuli

The stimuli consisted of two or four horizontally arranged letters presented
3°,6°,9°,12°,15°18% 0r21°to the rightofan initial asterisk. A final asterisk was
located 24° from the initial asterisk at the right edge of the display.

Procedure

The task was identical to that described in the preceding experiment with the
exception that subjects always moved their eyes from left to right.

Each session consisted of two practice blocks of 10 trials each followed by four
experimental blocks of 50 trials each. A given block involved only one move-
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| i
ment amplitude. On different sessions the first and last blocks involved 3°, 6°,
9°, or 12° movements, while the second and third blocks invoh}zed 21°, 182, 15°,
or 12° movements, respectively. The order of amplitude pairs was counterba-
lanced across sessions such that the first and last sessions imﬂ)lved 3°and 21°
movements, the second and second-to-last sessions 6° and 18°% hlovements, etlc.

RESULTS '

Approximately 86% of the trials resulted in appropiljriate (i.e., fixa-
tion, right movement, fixation, right movement, fixation) eye move-
ment patterns. Average decision accuracy was 99%. I

An analysis of variance (with amplitude and target}}comp]exity as
factors and eight means for. each of four subjects as cell entries),
indicated that the effects of target complexity,. F (1, 3) = 16.39,
p < .05, and amplitude, F (6, 18) = 5.81, p < .01, wefé both signifi-
cant, but their /interaction was not (p > .50)] The re;éu]ts for each
subject are illustrated in Figure 7. |

7
!
! |
relationship between movement amplitude and ﬁxation!ﬁuration. The
remaining subjdcts averaged 7.6 msec per degree of movement ampli-
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Figure 7. Mean fixation duration as a function of target complexity and
movement amplitude, Experiment 5

tude in the fixation durations, a value comparable to the 6.0 msec per
degree reported in the previous experiment.

The average difference between fixations with four characters and
fixations with two characters was 84 msec, indicating a processing rate
of 42 msec per character. The faster processing rate in the present ex-
periment compared to the preceding experiments is probably attrib-
utable to the great amount of experience possessed- by the current
subjects; each had completed the 10 sessions of Experiment 4 before
the 15 sessions of the current experiment.

All eye movements from the current experiment were tape recorded
and subjected to detailed analyses to check on the possibility of move-
ment artifacts influencing the pattern of fixation durations. Many of
the eye movements exhibited overshoot phenomena, and nearly all
involved divergence during the movement with postsaccadic conver-
gence delay, but these effects were not systematically related to move-
ment amplitude.
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DISCUSSION

With the e)lception of subject 6, the results of this éxl)eriment repli-
cate those of tJ‘he previous experiment in both qualitative and quantita-
tive respects. The major conclusions from these two experiments are

that fixation duration is increased between 6 and 8 msec for each

degree of the‘lprior movement, and that this effect is independent of

the manipulation of target complexity, which also had a sizable effect
on fixation duration. This pattern suggests that there are at least two

|

components contributing to the duration of an eye fixation, one related
to stimulus prlbccssing and influenced by the complexity of the target
stimulus, and Ehe other concerned with recovering from the preceding
eye movement and influcnced by the amplitude of the eye movement.

|
| |

EXPERIMENT 6 |

The preceding two experiments have estab‘lished that the amplitude
of the prior eye movement has a small but significant influence on
fixation duration. In the present experiment the amplitude of the

i . . .
following moyement was systematically manipulated to determine
whether it had a similar effect on fixation duration. .

|
METHOD |
Subjects ‘

Two subjects LS 2 and §4 from the preceding two experiments) served in one

practice and eight experimental sessions of approximately 50 minutes each.
1 1
Stimuli \

Single letters ’located 5.4° or 11.5° from an initjal asteris£ served as target
stimuli. A final jasterisk was placed 5.4° or 11.5° to the right of the target to
indicate the point of final fixation.

Procedure |

The task for tLe subjects was to begin the trial by‘ﬁxating on the left asterisk,
move to the target when the asterisk disappeared and the target appeared,
fixate as briefly ds possible, move to the right asterisk, and press a button on the
terminal indicating the presence or absence of a vowel, One-half of the trials,
selected at random, contained a vowel. b

Each session consisted of two practice blocks of| 10 trials gach, followed by
four experimental blocks of 50 trials each. The amplitude|of the following
movement was held constant in all blocks in a sessidn, but thelamplitude of the
preceding mov ment was counterbalanced across blocks within the session.
The following movement amplitude was Counterﬂ‘alanced across sessions.

|
|
|
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RESULTS

Approximately 92% of the trials resulted in appropriate (i.e., fixa-
tion, right movement, fixation, right movement, fixation) eye move-
ment patterns. Average decision accuracy was 99%.

The results of an analysis-of variance similar to those performed
in the previous experiments revealed no statistically significant
sources of variance. However, since with only two subjects there 1s
only one degree of freedom in the denominator of the F-ratios, the
test was’ extremely weak. Separate analyses (with prior amplitude
and following amplitude as factors) on the data from each subject
did yield significant effects of prior movement amplitude, i.e., F (1,
28) = 56.17 for Subject 2 and F (1, 28) = 18.12 for Subject 4, both
p < .005, but no significant effect of following movement amplitude
(i.e., p> .05 and p > .30, respectively). Mean fixation durations for

“Subject 2 were 285 and 368 msec for the 5.4° and 11.5° prior move-
ments, respectively. The comparable durations for Subject 4 were
271 and 295 msec, respectively.

DISCUSSION

These results indicate that there is little or no effect of the amplitude
of the following eye movement on the duration of an eye fixation. The
conclusion from this experiment, therefore, is that recovery time from
a prior movement is systematically related to movement amplitude, but
preparation time for a future movement is not.

EXPERIMENT 7

An implication from the results of Experiments 4 and 5, specifically
the noninteractive effects of target complexity and movement ampli-
tude, is that the fixation component that is sensitive to target complex-
ity (and presumably related to stimulus processing) is independent of
the fixations component that is sensitive to the amplitude of the prior
eye movement.

In addition to these two components concerned with stimulus
processing and movement recovery, it might be postulated that eye
fixations also contain a third component associated with the minimum
time to stop and start the eyes. Arnold and Tinker (1939) not only
assumed the existence of such a minimum pause component, but they
also attempted to measure its duration. They had subjects move their
eyes to either a dot or a letter, fixate as briefly as possible, and then
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move their eyes away. The instructions staLed that subjects should
merely fixate the dot, but fixate and attem pt to identify the letter.
Surprisingly, Arnold and Tinker found that fixations on the dots that
did not require processing were longer (i.e.,|172 msec vs. 157 msec),
than the fixations on the letters that required processing for their
identification. Unfortunately, the paradoxical result that the addition
of a processing requirement reduced, rather|than increased, fixation
duration makes this finding difficult to interpret.

Westheimer (1954) also reported data that/bear on the issue of the

minimum pause time of the eye. He measuréd the fixation duration
of the eyes when subjects were given a cour?termanding movement
signal prior tg the beginning of the fixation. In this situation the
move and return signals were both presented before the subjects be-
gan to move their eyes and yet they typically fixated for about 200 to
250 msec before beginning the return movement. |Similar results
were reported by Feinstein and Williams (1972) and Megaw (1975).

Another estimate of the duration of these ‘nonproce‘ssing fixations
can be obtained from the condition C data of Experiment 3 of the
present report.‘ The first fixations in that condition weTe meaningless,
since the targets were noninformative asterisks rather than letters, and
thus it can be Essumed that subjects did notlattemptﬁ to process the
stimuli. Nevertheless, the average fixation durations wejr‘e 226 msec for
two asterisks and 227 msec for four asterisks H

The exact interpretation of the 226 and 227 msec values is somewhat
clouded, howev‘er, because they were obtained ifrorn the first fixation in
a sequence in alx experiment that involved several rather complicated
conditions. The purpose of the following experiment was to attempt to

replicate the ea}rlier findings in an experiment expres$iy designed to
determine the duration of eye fixations that do not require stimulus
processing. ‘ ] ; ‘

Two factors were manipulated in this experiment. Target complex-

ity, two or four|letters, was varied as a conver ing operation to deter-
mine whether subjects are indeed ignoring the stimulus. If the target
is being ignore‘ﬂ, there should be no effect of the number of target
characters on fixation duration, as observed in Experiment 3. Prior
movement amplitude was also varied in order to assess the indepen-
dence of the movement recovery and minim‘ m paus;é time factors
‘in the fixation. |If the two components are independent, and if the
present experiment is truly measuring minimum pause time, there
should be no effect of movement amplitude in the current fixation
durations. i
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METHOD
Subjects
The subjects were the same as those in Experiments | and 3. Each served in

one practice, and two experimental, sessions of approximately 50 minutes
each.

Stimuli

The stimulus arrangement was identical to that of Experiment 4 except that
thc target stimui were located 5.4°, 10.8°, and 16.2° from the initial fixation
instead of 6° and 18°.

Procedure

Subjects were instructed to ignore the the letters in the target and merely
fixate as briefly as possible without attempting to identify the stimulus. A trial
consisted of the subject fixating on the left asterisk, moving to the target when it
appeared, fixating as briefly as possible, moving to the right asterisk, and
pressing the same button on the terminal after each trial. Each session consisted
of two 30-trial blocks for each movement amplitude, présented in counterba-
lanced -order.

RESULTS

Approximately 85% of the trials had appropriate (fixation, right
movement, fixation, right movement, fixation) eye movement patterns.

An analysis of variance (with amplitude and target complexity as
factors and four means for each of four subjects as cell entries), indi-
cated that there was a significant effect of movement amplitude, F¥ (2,
6) = 5.30, p < .05, but no effect of target complexity and no Move-
ment Amplitude X Target Complexity interaction (p > .20). Figure 8
illustrates the mean fixation durations for each of the four subjects.

The mean fixation durations were 193 msec for two-character
targets and 196 mscc for four-character targets. Slopes relating fixa-
tion duration to amplitude of the preceding movement averaged 2.7
msec per degree.

DISCUSSION

These results suggest that it is reasonable to consider minimum
pause time, the time required to stop and start the eyes, as a substantial
component contributing to the duration of an eye fixation. Subjects
require between 190 and 200 msec, on the average, to stop and re-start
the motion of their eyes. This value is consistent with the earlier
estimates from Arnold and Tinker (1939) and Westheimer (1954), and-
is also close to the fastest fixation durations from Experiment 2 (cf.
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GENERAL DISCUSSION

ues reported in

The results of the current experiments support a model in which two
independent ¢ mponents serve as the mediators through which vari-
i

!
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ables exert their influence on fixation duration. Although superficially
similar to the two-component suggestions of earlier investigators (e.g.,
Russo, 1978; Tinker, 1958; Vaughan & Graefe, 1977), the present
model is more specific as to the nature of the fixation duration deter-
minants and the quantitative contribution of each. One component,
labeled minimum pause time, was found to be affected by only one
variable, prior movement amplitude. Minimum pause time is the
greatest determinant of overall fixation duration; approximately 200
msec seems to be required to stop and re-start the eyes, and thus this
component may be responsible for the lower limit on most fixation
durations.

It is important to note that minimum pause t me is logically distinct
from oculomotor reaction time. According to convention, reaction
time refers to the delay between the presentation of a specific stimulus
that reduces temporal or response uncertainty and an appropriate
response. As used in the present report, minimum pause time does not
require an informational stimulus and thus it is more like a physiologic-
al refactory period than a reaction time. Indeed, Young and Stark
(1963) actually use the phrase refractory period to describe the mini-
mum interval between successive saccades. Although perhaps a minor
distinction, the present term is preferred to emphasize the fact that no
stimulus processing is involved in this component. There is also some
empirical support for this distinction, as Westheimer (1954) reported
that oculomotor reaction time averaged 150 msec, while the minimum
fixation duration between successive saccades ranged between 200 and
250 msec.

The second eye fixation component, concerned with stimulus pro-
cessing, is assumed to have a minimum duration of between 50 and 100
msec (based on the sequential display results from Experiment 1), butit
is influenced by at least two variables that can substantially increase or
decrease this duration. Additional stimulus items beyond one require
approximately 50 msec per item (i.e., Experiments 3, 4, and 5), and
prior information can reduce processing time of both the initial item
and additional items by 20 msec or more (i.e., Experiment 3).

One problem with this model is that the effect of the amplitude of the
prior movement is assumed to be localized in one component, and yet
when that component was isolated the cffect was less than one-half the
magnitude evident when both components were present (i.e., the
movement amplitude effect was only 2.7 msec per degree in Experi-
ment 7 compared to the 6.0 to 9.0 msec per degree effects in Experi-
ments 4 through 6). It is difficult to account for this result without
postulating a third component contributing to the duration of a fixa-
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a reduction in the time needed to begin the next eye movement.
However, they also reported data indicating that overall fixation dura-
tion increased with increased stimulus delay, suggesting that the pro-
cessing component operates in an additive fashion with the minimum
pause component. The available data make it quite apparent that
additional empirical information is needed before the question of the
relationship between components can be resolved.

A second issue about which the current model is necessarily vague
concerns the relationship between saccadic suppression phenomena
and the effect of prior movement amplitude demonstrated in Experi-
merits 4, 5, 6, and 7. It is tempting to suggest that the present move-
ment effect is merely a manifestation of saccadic suppression, in that
the increased fixation duration associated with large. prior eye move-
ments may be a consequence of the reduction in perceptibility reported
in saccadic suppression. Indeed, Mitriani, Yakimoff, and Mateef
(1970) have shown that the magnitude of saccadic suppression effectsis
directly related to the amplitude of the saccadic movement. A problem
with this interpretation is that if saccadic suppression does actually
reduce the perceptibility of a stimulus, it should affect the stimulus
processing component in the present model. However, the results
discussed above led to the conclusion that the amplitude of the prior
movement influences the minimum pause time component and not the
stimulus processing component. Another problem with explaining the
movement amplitude effect in terms of saccadic suppression is that a
similar experiment by Salthouse et al. (Note 1) found no evidence for
saccadic suppréssion with stimuli of the size and brightness as those
employed in the present experiments. Until these apparent contradic-
tions are resolved, the details of the exact relationship between the
prior movement effect and saccadic suppression must remain unclear.

The applicability of these speculations about eye fixations to more
complicated tasks such as reading depends upon whether one consid-
ers single eye fixations to be the appropriate level of analysis (e.g.,
Carpenter & Just, 1976). To the extent that the duration of a fixation is
accepted as a meaningful dependent variable in such tasks, the present
two-component model can be extended to account for a variety of
complicating factos. For example, the need to process for informa-
tion about position as well as content (i.e., Abrams & Zuber, 1972), for
peripheral as well as foveal information (i.e., Rayner, 1975; Rayner,
McConkie, & Ehrlich, 1978), and for memory as well as detection (i.e.,
Potter, 1975), can all be formulated as factors affecting the stimulus
processing component. Whether all these factors affect the same stimu-
lus processing component and whether other factors can be identified
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|
that affect t}‘le minimum pause component are-quéstions for future
research. ‘

|
|
|
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