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THE EFFECT OF DISPLAY TIMING ON CHANGE BLINDNESS IN PIGEONS
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Change blindness is a phenomenon in which even obvious changes in a visual scene may go unnoticed.
Recent research has indicated that this phenomenon may not be exclusive to humans. Two experiments
investigated change blindness in pigeons, using a variant of the widely-used flicker task to investigate the
influence of display timing on change blindness. Results indicate that the duration of time during which a
stimulus display is visible influences change detection accuracy, with the effect due to additional search
time. The results are discussed in relation to the value of comparative cognition and cross-species

investigations of behavior.
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Behavioral science has always been centrally
concerned with learning, and some of the most
fundamental and useful indicators of learning
are correct responses. In an operant condition-
ing scenario, for example, the dependent
variable is often the number of times a
particular desired behavior is produced; with
training those responses generally increase.
The number and rate of correct responses
can be easily quantified and seen, for example,
in a cumulative record. Nevertheless, one need
not rely solely on correct responses, as other
performance-based measures can be just as
useful, and may help to further characterize
aspects of behavior not easily seen by focusing
only on correct responses.

Response latencies, for example, have become
increasingly useful tools. Within the tradition of
behavior analysis, interresponse times have
been widely used, and have provided some
valuable insights into the nature of different
schedules of reinforcement (Shimp, 1969).
Response times can also constitute an alternative
measure of learning by themselves that
carry distinct advantages over more traditional
measures such as correct responses: They can
be sufficiently sensitive to detect differences
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between conditions that might otherwise go
undetected (e.g., Herbranson & Stanton, 2011).
In addition to the approaches already
mentioned, another potentially important
indicator of performance is incorrect
responses; they can provide some valuable
clues about the learning mechanisms at work.
In a matching to sample task, it is often the
incorrect responses that provide the greatest
insight into an animal’s performance. Intro-
duction of a retention interval in delayed
matching to sample generally produces
more errors, and those errors increase with
the duration of the delay (Blough, 1959),
reflecting the influence of memory. Errors are
also more likely to be made among similar
stimuli, and again these kinds of errors can be
used to make inferences about the behavioral
and/or cognitive processes involved. Roitblat
(1980), for example, cleverly used errors in a
symbolic matching-to-sample task to investi-
gate whether pigeons use prospective or
retrospective coding to bridge the delay. The
important implication is that errors, when
they occur, are not random and arbitrarily
distributed; some kinds of errors are more
likely to occur than others, and the pattern of
errors obtained can be highly informative.
The same observation applies to other areas
of psychology. Many of the classic tools used to
study cognition also play a significant role for
sophisticated analyses of errors. Signal detec-
tion theory (Green & Swets, 1966), for example,
considers correct responses (hits and correct
rejections) as well as incorrect responses
(misses and false alarms). Again, it is the
incorrect responses that often provide the
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greatest insight into the processes that influ-
ence behavior but cannot be directly observed
(i.e., bias, sensitivity, etc.).

The field of comparative cognition stands to
draw from its intellectual ancestors in similar
ways. Analysis of specific kinds of errors have
formed the basis of many research traditions:
Rotational errors have provided insights into
spatial navigation (Cheng, 1986), anticipation
and perseveration errors have provided insights
into midsession reversal learning (Stagner,
Michler, Rayburn-Reeves, Laude, & Zentall,
2013), and within- and between-category errors
have provided insights into the basis of
categorization (Wasserman, Kiedinger & Bhatt,
1988). In each case, not all kinds of errors can
or should be treated as equivalent; some are
more likely to occur than others, and different
types of errors happen for different reasons.

Change Blindness in Pigeons

An increasingly important phenomenon in
cognitive psychology that is largely defined by a
particular pattern of errors is change blindness:
the failure to notice something different about
a display from one moment to the next (Simons
& Ambinder, 2005). Importantly, these failures
to detect changes do not happen arbitrarily.
The likelihood of an individual failing to detect
a displayed change is systematically affected by a
variety of factors. Grimes (1996), for example,
demonstrated that sudden changes in a visual
display were more likely to go unnoticed if their
timing coincided with an eye saccade. The same
changes were easily seen if presented between
saccades, while the eyes were fixated.

Change blindness thus has some obvious real-
world implications. Missing a prominent
change in one’s immediate environment has
clear potential dangers (e.g., failure to notice
the appearance of a danger or threat). An
additional fascinating (as well as concerning)
aspect of change blindness is thatit persists even
if the participant is actively searching for the
change, and even if the participant is aware of
the change blindness phenomenon (“change
blindness blindness”; Levin, Momen, Drivdahl,
& Simons, 2000). These surprising aspects of
change blindness bring up the question of
whether itis a unique quirk of human behavior
or if it might also be seen in other animals.

Pigeons also would seem to possess the basic
cognitive abilities required to test for change

blindness. In particular, they can be trained to
search for and notice differences between
sequentially presented visual displays. Cook,
Kelly, and Katz (2003) trained pigeons on a
successive same/different task, in which they
viewed alternating presentations of two photo-
graphic images. Pecks were reinforced only if
the two images were the same. Birds learned the
task and eventually showed above-chance dis-
crimination by the presentation of the second
image, the earliest point possible. Furthermore,
pigeons can learn to search for and selectively
peck a localized change within a larger visual
display. Wright et al. (2010) created a change
detection task in which pigeons had to peck one
of two colored circles in a test array, and pecks
to the circle that was not the same color as in the
previously displayed sample (i.e., changes) were
reinforced (also see Gibson, Wasserman, &
Luck, 2011, and Lazareva & Wasserman, 2015,
for other change detection tasks that have
been successfully deployed for pigeons). Their
results indicated that pigeons could learn to
reliably detect localized color changes, and
could do so even when successive displays were
separated by a time delay.

One of the most commonly used procedures
for studying human change blindness in a
controlled laboratory setting is the “flicker
paradigm” (Rensink, O’Regan & Clark, 1997).
In this procedure, two stimulus displays (such as
arrays of alphanumeric characters, or digitally
manipulated photographic images) are dis-
played in successive alternation. The displays
are identical, save for a single feature, and a
participant is asked to find the difference. If the
two displays are shown in immediate succession,
with no temporal gap between them, then the
difference is usually identified very quickly.
Most participants report that the change “jumps
out,” and automatically captures their atten-
tion. On the other hand, if there is a brief inter-
stimulus interval (ISI) between the displays,
during which neither display is visible (produc-
ing the flickering display for which the proce-
dure is named), then the difference is much
more difficult to find, requiring more time and
producing lower accuracy rates.

The flicker paradigm has been appealing to
researchers interested in change blindness
because it is easy to isolate and manipulate
specific stimulus characteristics, such as the size,
location, and salience of the change, as well as
the timing of stimulus displays and ISIs. It also
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provides a concise operational definition of
change blindness: the difference in accuracy
between trials featuring an ISI, and those
without. Furthermore, awareness of the phe-
nomenon and extensive training do not seem to
eliminate the effect. These characteristics would
hold the same appeal for investigations of
attention in nonhuman animals. Other estab-
lished procedures for studying change blindness
and/or inattentional blindness can be consider-
ably more complex, and would not be as
easily adapted for use with nonhuman animals.

Based on the aforementioned appealing
features, Herbranson et al. (2014) developed
a version of the flicker task that could be
implemented in an operant chamber. Although
a standard operant chamber has a limited
number of response keys, multiple features
can be simultaneously presented on each. Their
methodology utilized displays containing up to
24 distinct line features across the three
response keys. As in the flicker paradigm
previously used with human participants, each
trial presented two alternating displays that
differed by a single feature, either with or
without an ISI. At the end of a trial, pigeons
received access to mixed grain if and only if they
pecked the key on which there was a difference
between the displays.

Herbranson et al. (2014) produced two
primary results relevant to change blindness;
both paralleled results from human change
blindness research. The primary result involved
a comparison between accuracy on trials with an
ISI and trials with no ISI. Although birds
performed at above chance levels on both
kinds of trials, they were significantly better on
trials with no ISI. The second important result
involved the question of whether change
detection involves a serial search process as it
does in humans. Consistent with a serial,
location-by-location search, pigeons’ accuracy
increased with the total number of repetitions
on a trial. In addition, a third finding was
that pigeons’ effective search area became
larger, encompassing more locations with
better-than-chance performance, as the num-
ber of repetitions increased. Specifically, on
shorter trials with fewer repetitions, pigeons
could detect changes in two of the three
possible locations, but they were no better
than chance when changes occurred in the
third. On longer trials, they could reliably
detect changes in all three possible locations.

Experiment 1

Although the primary results from Herbran-
son et al. (2014) are consistent with change
blindness as it is seen in humans, we do not yet
know the extent to which the mechanisms that
produce parallel results in the two species are
the same. Such processes can often be inferred
by manipulating various stimulus characteristics
and observing what effect (if any) they have on
performance. As in the research traditions cited
above, potentially informative errors are re-
flected by differences in overall accuracy.

Pashler (1988), for example, manipulated
the timing of visual displays in the flicker task.
He found that accuracy was strongly influ-
enced by the duration of the ISI: as the ISI
became longer, more errors were produced. In
contrast, there was no such influence of the
duration of each individual display: As the
duration of individual alternating displays
between ISIs changed, accuracy remained
constant. Consequently, he could infer that
errors increased with ISI duration (i.e., overall
accuracy decreased), but not with stimulus
duration. Again, the different accuracy rates
revealed a specific and nonrandom pattern of
change detection failure.

Herbranson et al. (2014) systematically ma-
nipulated ISI duration in the same manner as
Pashler (1988) and found parallel results:
Longer ISIs yielded more change detection
failures. They did not, however, manipulate the
durations of the stimulus displays in the same
manner. Thus, we do not know if this additional
aspect of stimulus timing considered by Pashler
would produce a similar effect (or in this case,
non-effect) in pigeons. Experiment 1 manipu-
lated exposure duration for the stimulus dis-
plays while holding ISI duration constant.
Results should reveal whether display duration
has any consistent effect on accuracy (as ISI
duration has been shown to have).

Method

Animals. Four white Carneau pigeons
(Columba livia) were purchased from Double-
T Farm (Glenwood, IA). Each bird was fed
mixed grain and maintained at 80-85% of free-
feeding weight to approximate the condition of
healthy wild birds (Poling, Nickel, & Alling,
1990). Birds were housed in individual cages in
a colony room with a 14:10-hr light:dark cycle
and had unrestricted access to water and grit.
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All four had previous experience with a serial
response time task (Herbranson & Stanton,
2011) and a change detection task (Herbranson
et al., 2014; Herbranson, 2015).

Apparatus. Four identical operant chambers
were used (BRS/LVE, Laurel MD: Cubicle
SEC-002 with response panel PIP-016). Each
had three circular response keys (2.5cm in
diameter) located in a horizontal row on the
front wall, 5.8 cm apart, edge-to-edge. A food
hopper with a 5.0 x 5.8cm (width x height)
opening was located 9.0 cm directly below the
center key. A houselight located on the front
wall, 4.5 cm directly above the center key, was
illuminated for the duration of each experi-
mental session.

Stimuli. Stimuli consisted of straight white
lines back-projected onto each response key
using stimulus projectors (Industrial Electronic
Engineers, Van Nuys, CA) that had been
retrofitted with LED light sources (Martek
Industries, Cherry Hill, NJ). The LED light
modifications were necessary because their
onset and offset times (approximately 30 us)
are much faster than incandescent bulbs,
allowing for precise control of even very fast
stimulus presentations and ISIs. The three keys
each could display up to eight radial lines, with
each line spanning the full diameter of the key.
The lines were positioned at evenly spaced
orientations corresponding to 0.0°,22.5°,45.0°,
67.5°, 90.0°, 112.5°, 135.0°, and 157.5° from
vertical.

On each trial, a base stimulus was generated
according to the following parameters: each of
the eight lines on each of the three keys
independently had a .5 chance of being present
and a .5 chance of being absent. Consequently,
each stimulus could consist of anywhere from
0 to 24 lines across the keys (0-8 lines per key). A
modification of that base stimulus was then
generated by reversing the display status of two
of the lines on a single key. If a line to be
reversed was present in the base display, then it
was not present in the modified display.
Conversely, if it was not present in the base
display, then it was present in the modified
display. The critical, changing key was equally
likely to be any of the three keys on a given trial,
and each change was equally likely to occur in
any of the eight orientations on the critical key.

Each trial consisted of alternating presenta-
tions of the original and modified displays (the
duration of each display varied by condition

between 15ms and 125ms'; see below). The
alternating displays were presented 1, 2, 4, 8, or
16 times (randomly determined on each trial
with p=.2 for each). Each presentation of the
original display was followed by the modified
display and each presentation of the modified
display was followed by either by a repetition of
the original display or a trial-terminating
display consisting of all three keys uniformly
illuminated with white light (if and only if it was
the final repetition of the trial).

Half of the trials presented the two alternat-
ing displays with no time delay in between. The
modified display was presented immediately
after the base display, so that there was no time
when one of the two displays was not present on
the response keys until the trial-terminating
display of white keys. The other half of the trials
contained a 30-ms ISI between the displays,
during which the keys were completely dark and
no lines were visible. The ISI was then followed
immediately by the modified display. Thus,
on trials with an ISI, the same number of
repetitions took longer because each stimulus
display was followed by an ISI delay. Figure 1
shows the structure of two stimulus displays, one
with an ISI and one without.

Procedure. The experiment was conducted
over four blocks of 10 days each (40 days
total). Daily sessions consisted of 120 trials,
with each trial separated by a 5-s intertrial
interval (ITI), during which the houselight
remained illuminated. During this ITI, the
computer program generated original and
modified displays, as well as determined the
number of repetitions and whether or not to
include an ISI. At the conclusion of the ISI,
the stimulus was automatically presented, with
no preceding cue or required response.
Pecks during stimulus presentation were not
recorded and had no programmed conse-
quences. Following completion of the entire
stimulus display, all three keys were uniformly
illuminated with white light and the first peck
on any key was automatically recorded. If the
peck corresponded to the location of the
stimulus change, then the bird was presented

!Several aspects of the stimulus displays were chosen
based on previous research in hopes of yielding a moderate
level of accuracy (to avoid potential floor and/or ceiling
effects), and maximizing the contrast between ISI and no-
ISI trials. Number of changes was based on results from
Herbranson (2015). Values for stimulus and ISI durations
were informed by the results from Herbranson etal. (2014).
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with approximately 3-s access to mixed grain
(access times varied from bird to bird in order
to maintain individual running weights). If the
peck corresponded to either of the other two,
unchanging locations, then a 10-s error signal
was presented, during which the houselight
flashed on and off every 0.5s. After either a
reinforcer or the error signal, the session
continued with an ITI, followed by the next
trial.

Conditions. Four blocks of 10 days were
identical with the exception of the duration of
the stimulus displays. During the first block,
each presentation of a line feature display (both
original and modified) was visible for 125 ms,
regardless of any other stimulus characteristics
(ISI presence, number of repetitions, etc.) This
was the baseline condition and paralleled the
procedure from Herbranson et al. (2014), with
the exception of the display timing (ISI and
stimulus durations) and number of changing
features on the critical key (two rather than
one). The subsequent three blocks were
identical except for stimulus durations of 60,
30, and finally, 15 ms.

Because all four birds had previous experi-
ence on the flicker task, no pretraining was

Example stimulus displays with (top) and without (bottom) an ISI. Adapted from Figure 1 of Herbranson, 2015.

necessary and data collection could begin
immediately.

Results

Factors influencing accuracy. A 2 (ISL
present, absent) x 5 (repetitions: 1, 2, 4, 8,
16) x 4 (stimulus duration: 125ms, 60ms,
30ms, 15ms) x 10 (day: 1-10) repeated
measures ANOVA was conducted on change
detection accuracy. There was no main effect of
day nor were there any statistically significant
interactions involving day (all F<2.17,
p>.058), with the sole exception of a two-way
interaction between day and stimulus duration
(F(27, 81) =1.86, p=.018, partial n°=.382).
Thus, the effects of the remaining manipulated
variables (stimulus duration, repetitions, and
ISI) presumably reflect relatively stable perfor-
mance across the 10 days of each condition, and
can be seen in Figure 2.

The main effect of ISI was significant,
F(1, 3)=18.67, p=.023, partial n°=.862,
indicating that accuracy was better on trials
that did not have an ISI (M=62.52%) than
on trials that did (M=51.54%). This is a
replication of the basic change-blindness effect



90 WALTER T. HERBRANSON and EVA T. DAVIS

125 ms Stimulus Duration

60 ms Stimulus Duration

100 -
80 g % — é = é
5 A
-
0 - % g / #
0 4 1
20 4 -
5}
g 0
o
O
o 30 ms Stimulus Duration 15 ms Stimulus Duration
100 -
80 4
3 R
a0 4 1
20 4
—e— 20ms ISt
— 00— OmsiSi
0 . - . : - : , T
1 2 4 8 16 1 2 ] 8 16
Repetitions

Fig. 2. Accuracy on ISI trials (solid lines) and no-ISI trials (dashed lines) on trials with varying numbers of
repetitions during each of the four conditions in Experiment 1. Error bars span 4= 1 standard error. Top left: 125-ms
stimulus duration. Top right: 60-ms stimulus duration. Bottom left: 30-ms stimulus duration. Bottom right: 15-ms

stimulus duration.

seen in previous implementations of the
flicker task in both humans and pigeons. The
main effect of repetitions was also 51gn1ﬁcant
F4, 12) =33.76, p<.001, partial n®=.918,
indicating that accuracy increased with more
repetitions from an overall mean of 44.28% at
one repetition to 66.10% at 16 repetitions. The
main effect of stimulus duration was significant,

F(3,9) =20.82, p< .001, partial n? =.874, with
overall accuracy increasing with longer presen-
tation times, from 45.34% at 15 ms to 64.70% at
125ms. These last two findings are both
consistent with the location-by- location search
process reported by Herbranson et al., (2014):
When given more time to search (either
through additional repetitions or longer pre-
sentation times), pigeons could consider more
locations and thus should be more likely to
detect changes.

In addition, all interactions involving these
manipulated factors were significant: ISI x
repetltlon 4, 12) =6.34, p=.006, partial
n®>=.679; ISI x duration, F(3, 9)=197.75,
$<.001, partial n* = .985; repetltlonxduratlon
F(12, 36) = 3.56, p=.002, partial n* = .543; and
ISI x repetition >< duration, (12, 36) =3.33,
p=.003, partial n°=.526. At the core of the
essential 3-way interaction is a pattern in which
accuracy on ISI trials (points on the solid lines
in Fig. 2) remained relatively stable across the
four stimulus duration conditions, whereas
accuracy on no-ISI trials (points on the dashed
lines) decreased as stimulus durations were
shortened in subsequent conditions. Note also
that at the shortest duration (15ms), the
change blindness effect was reversed, in that
accuracy on ISI trials was better than accuracy
on no-ISI trials.
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Effect of stimulus duration on ISI and
no-ISI trials. To further explore the interac-
tions involving ISI and stimulus duration,
two separate 5 (repetitions: 1, 2, 4, 8, 16) x 4
(stimulus duration: 125ms, 60ms, 30ms,
15ms) ANOVAs were computed on just ISI
and just no-ISI trials (solid lines and dashed
lines in Fig. 2, respectively) For trials with
an ISI, there was a main effect of repetmons
F(4, 12) =26.70, p < .001, partial 17 =.899,
but no main effect of stimulus duration,
F(3,9) =1.92, p=.198, partial n®=.390. There
was also no interaction between repetitions and
stlmulus duration, F(12, 36) =1.60, p=.137,
partial n? = .347. This result indicates that the
effect of repetitions on accuracy during ISI
trials was consistent and insensitive to the
different stimulus durations across conditions
(i.e., the solid lines in each panel of Fig. 2
are effectively indistinguishable from one
another). For trials with no ISI, a different
pattern emerged. There was a main effect of
repetltlons 14, 12) =23.88, p<.001, partial
n®=.888, as well as a main effect of stimulus
duration, reflecting poorer performance at
shorter duratlons F(3, 9)=>51.14, p<.001,
partial 7°=.945. In addition, there was an
interaction between repetition and stimulus
duratlon F(12, 36)=4.72, p<.001, partial
n®=.611. This result indicates that the effect
of repetition on accuracy during no-ISI trials
was not consistent across conditions (i.e., the
dashed lines in each panel of Fig. 2 become
flatter as stimulus durations become shorter).

Discussion

Pigeons’ ability to detect changes in Experi-
ment 1 was influenced by all three manipu-
lated variables: ISI, repetition, and stimulus
duration. The former two coincide with
previous research on both pigeons (Herbran-
son et al., 2014) and humans (Pashler, 1988).
The latter factor (stimulus duration), however,
had not yet been investigated in pigeons; its
effect appears to directly contrast with the
extant human data. The obtained ISI effect—
presence of an ISI impairs change detection
relative to no ISI—is a basic confirmation of
the operational definition of change blind-
ness, without which no other results could be
interpreted. The repetition effect, while not a
new finding, confirms that change detection
happens across time: Additional repetitions

afford more chances, and more time, to
identify a changing feature. The primary novel
result of Experiment 1 was that change
detection was impaired by reduced stimulus
duration; the impairment occurred exclusively
on trials without an ISI. As a consequence, the
magnitude of the change blindness effect
(accuracy on no-ISI trials minus accuracy on
ISI trials) became smaller as stimulus dura-
tions became shorter.

Recall that Herbranson et al. (2014) dem-
onstrated that change detection accuracy
decreased as ISI duration was lengthened,
indicating that at least one aspect of stimulus
timing has a consistent influence on change
blindness. The present results concern a
different aspect of stimulus timing: that of
the displays themselves, rather than the ISIs
between displays. Note that the pattern of
results is importantly different: Shorter ISIs
resulted in better performance (specifically on
ISI trials), whereas shorter stimulus durations
resulted in worse performance (specifically on
no-ISI trials).

This disparity provides an important caveat
to previous findings. Whereas the beneficial
effects of repetition and of longer stimulus
durations might be explained by the additional
search time they afford, ISI effects cannot be
explained in the same way. Thatis, the presence
of an ISI by definition lengthensa trial, yet impairs
accurate change detection. Furthermore, lon-
ger ISIs lengthen trials more than shorter ones,
yet result in poorer performance.

Finally, note that the presence of an ISI does
not change the cumulative amount of time that
the original and modified displays are visible
(i.e., time when the displays can actually be
searched). Thus, there is something other than
search time (possibly the temporal gap between
displays) that negatively influences perfor-
mance on ISI trials, making them importantly
different from no-ISI trials.

This last point is underscored by the surpris-
ingly low accuracy on no-ISI trials with 15-ms
stimulus durations. Performance on these trials
was actually lower than on parallel trials with an
ISI (meaning that the normal change blindness
effect was reversed). The reversal could be
caused by the absolute magnitude of the
stimulus duration (15ms). By this explanation,
the total stimulus presentation time of 30 ms
(15 each for the original and modified display)
times the number of repetitions was simply too
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brief to accommodate all of the requirements
for an accurate response.

At this point, those specific requirements
cannot be specified, but they might include
both central (e.g., attention) and peripheral
(e.g., physical orienting or inter-key travel)
processes. Only with the inclusion of an ISI was
there adequate time to support accurate
change detection. This explanation though,
would not seem to account for all of the data.

Consider that the 480 ms required to display
16 repetitions (15ms each for the original
and modified displays times 16 repetitions)
would be equal to the time required for
5.33 repetitions with a 15ms display and
30 ms ISI, 4.00 repetitions with a 30 ms display
and 30ms ISI, 2.67 repetitions with a 60ms
display and 30 ms ISI, or 1.55 repetitions with a
125 ms display and 30 ms ISI. Figure 2 shows
that in each case, one would predict better
accuracy for an ISI trial with the same overall
duration. Alternatively, consider that the 15 ms
stimulus duration condition was the only one in
which the ISI duration was longer than the
stimulus duration. If duration relative to the ISI
(as opposed to absolute duration) of stimulus
displays is important, then one might expect
impaired performance any time a greater
proportion of the total display time is allocated
to the ISI than to the stimulus display. That is,
accuracy might be based not just on the
available time to search a display, but also on
how that search time is divided into stimulus
display and ISI durations.

It has previously been shown that the relative
durations of a stimulus and the interval
between stimuli has a powerful effect on the
acquisition and extinction of autoshaped key-
pecks (Gibbon, Baldock, Locurto, Gold, &
Terrace, 1977). Thus, there is at least one
aspect of behavior that is sensitive to the
relative durations of stimuli and interstimulus
intervals. However, the specific mechanisms at
work may be quite different in this case, given
the differences in procedure (change detection
versus autoshaping) and the time scales
involved (15-125 ms versus 1-384 s) . Experiment
2 further explores the importance of the ratio of
stimulus duration to ISI.

Experiment 2

In order to see if pigeons’ behavior is
affected by the relative durations of the ISI

Table 1

Summary of Conditions in Experiment 2

ISI Duration
(ms)

Stimulus
Condition Duration (ms)

Time per
Iteration (ms)

1 15 30 45
2 30 15 45
3 30 60 90
4 60 30 90
5 60 125 185
6 125 60 185

Note. the final column (time per repetition) is the sum of
the previous two (Stimulus Duration and ISI Duration).

and stimulus presentations, six additional
conditions were run (see Table 1). The first
two conditions consisted of trials having a
15-ms stimulus duration and 30-ms ISI (identi-
cal to the fourth condition of Experiment 1),
and trials having a 30-ms stimulus duration and
15-ms ISI, respectively. Notice that because the
durations of the stimulus presentations and
ISIs are simply reversed between conditions,
the corresponding trials from each would span
the same overall amount of time, and allow
pigeons exactly the same total search time
(45 ms per presentation). The remaining four
conditions used the same logic, but with longer
total search times: 90 ms per presentation for
the third and fourth conditions (combining
30-ms and 60-ms stimulus durations and ISI
values), and 185ms per presentation for the
fifth and sixth conditions (combining 60-ms
and 125-ms stimulus duration and ISI values).
If overall search time is the critical factor, then
pairs of conditions having the same search
time per repetition should produce identical
accuracy on ISI trials. On the other hand, if the
relative timing of the stimulus displays and ISIs
is important, then there should be differences
between pairs of conditions.

The conditions defined here contain some
additional comparisons of interest. Note that
there are two instances of conditions with 30-ms
stimulus durations. One is presented in the
context of a shorter ISI (15 ms in Condition 2)
and the other is in the context of a longer ISI
(60 ms in Condition 3). Similarly, two instances
of 60-ms stimulus durations are presented in the
context of a shorter ISI (30 ms in Condition 4)
and a longer ISI (125ms in Condition 5). If
stimulus duration alone determines accuracy
(presumably just on no-ISI trials, based on the
results from Experiment 1), then we should see
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identical accuracy between these pairs of
conditions featuring the same stimulus
durations.

The same logic just applied to 30- and 60-ms
stimulus durations can also be applied to 30-
and 60-ms ISIs. ISIs of 30 ms appear twice: in the
context of both a shorter stimulus duration
(15ms in Condition 1) and a longer stimulus
duration (60ms in Condition 4). Finally, a
60-ms ISI appears in the context of a shorter
stimulus duration (30 ms in Condition 3) and
a longer stimulus duration (125ms in Condi-
tion 6). If the absolute magnitude of the ISI is
important (presumably on ISI trials), then we
should see similar accuracies for these critical
pairs of trials, even though the ISI constitutes a
larger or smaller proportion of a trial’s total
duration.

Method

Animals. The same four white Carneau
pigeons used in Experiment 1 were used in
Experiment 2.

Apparatus. The same four operant chambers
used in Experiment 1 were used in Experiment
2.

Stimuli. Stimuli were generated and pre-
sented in the same manner as in Experiment 1,
but with different stimulus and ISI durations,
depending on the condition (see procedure
and Table 1).

Procedure. The experiment was conducted
over six blocks of 10 days each (60 days total).
Daily sessions consisted of 120 trials, identical to
the trials in Experiment 1, with the exception of
different stimulus durations and different ISIs
(on trials with an ISI) depending on condition.

Conditions. The six conditions were defined
by the durations of stimulus presentations and
ISIs (if present) during a trial (see Table 1).
Note that Conditions 1 and 4 replicate con-
ditions from Experiment 1.

Results

Factors influencing accuracy. A 2 (ISL:
present, absent) x 5 (repetitions: 1, 2, 4, 8, 16)
x 2 (relative duration: ISI > Stimulus Duration,
Stimulus Duration > ISI) x 3 (total duration:
45ms, 90 ms, 185 ms) x 10 (day: 1-10) repeated-
measures ANOVA was computed on change
detection accuracy. The main effect of day was
not 51gn1ﬁcant K9, 27) =1.06, p=.423, partial
n®=.261, indicating that performance was

relatively stable across the days that constituted
each condition. All interactions involving
day were not significant (F<1.54, p>.111),
with three exceptions: day x total duratlon
(18, 54)=1.80, p=.050, partial n*=.375;
day x relative duratlon K9, 27)=2.63,
p=.025, partial n°=.467; and day x total
duration x relative duration, F(18, 54) =2.10,
p=.019, partial »° = .412. Thus, there may have
been some subtle changes during the 10 days
that constituted each condition. Nevertheless,
the effects of the remaining manipulated
variables (ISI, repetitions, relative duration,
and total duration) were consistent and can be
seen in Figure 3.

The main effect of ISI was significant,
F(1, 3) =39.47, p=.008, partial n?=.929, indi-
cating that accuracy was better on trials that did
not have an ISI (M= 64.10%) than on trials with
an ISI (M=48.70%). This result is a replication
of the basic change-blindness effect seen in
previous implementations of the flicker task and
in Experiment 1. The main effect of repetitions
was also 51gn1ﬁcant (4, 12) =27.56, p<.001,
partial »*=.902, and Figure 3 shows that as in
Experiment 1 accuracy generally increased with
additional repetitions (from 43.17% with one
repetition to 65.14% with 16 repetitions). The
main effect of relative duration was significant,
F(1, 3) =99.95, p=.002, partial n*=.971, with
overall accuracy higher on trials when stimulus
duration was longer than the ISI (panels on the
right of Fig. 3) than when stimulus duration was
shorter than the ISI (panels on the left of Fig. 3):
63.901% versus 48.89%. The main effect of total
duration was not significant, F(2, 6)=0.75,
p=.512, partlaln =.200, indicating that longer
cumulative time per repetition did not increase
accuracy. Thatis, there was no overall difference
between the top, middle, and bottom rows in
Figure 3 (56.05%, 58.14%, and 55.01%, respec-
tively). These last two results imply that the
relative durations of the stimuli and ISI are more
important than the overall duration of each
repetition.

Though not pertinent to any specific hypoth-
eses, several interactions were also obtained,
and their effects can be seen in Figure 3: ISI x
repetltlons (4, 12) =13.72, p<.001, partial
n?=.821;ISI x relatlve duration, F(1,3) =48.27,
p=.006, partial *=.941; ISI x total duration,
2, 6)=>51.67, p<.001, partlal n* =.945; repe-
titions X relative duration, F(4, 12) =5.65,
p=.009, partial n2:.653; relative duration X
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Fig. 3. Performance on ISI (solid lines) and no-ISI (dashed lines) trials during the six conditions of Experiment 2
(indicated by the index number in the lower left of each panel). Note that side-by-side panels represent conditions with the
same total duration (display plus ISI) per repetition of an ISI trial. Panels on the left represent conditions in which the ISI
was longer than the display duration. Panels on the right represent conditions in which the ISI was shorter than the display
duration. Error bars span £ 1 standard error.



CHANGE BLINDNESS IN PIGEONS 95

total duration, F(2, 6) =16.68, p=.004, partial
n® = .848; and ISI x repetitions x total duration,
F(8, 24) =13.07, p< .001, partial 5> = .813. The
remaining interactions were not significant,
F<2.33, p>.052.

Allocation of search time to display and ISI
durations. One of the primary questions leading
to this experiment was whether allocation of
time on ISI trials (to either stimulus durations or
ISI durations) would affect accuracy. Figure 3
shows that performance at each total display
duration (45 ms, 90 ms, and 185 ms) was gener-
allybetter when the stimulus duration was longer
than the ISI duration (dashed lines in the right
panels of Fig. 3 reflect better performance than
dashed lines in the left panels), and this is
partially supported by post-hoc ¢tests. To control
for type I error, the alpha criterion was adjusted
to .017 for each of the three comparisons, to
yield a total alpha of .05. In Conditions 1 and 2
(45 ms per iteration), accuracy with an ISI was
significantly higher when that ISI was shorter
(M=66.12, SD=11.25) than when it was longer
(M=150.34, SD=10.67), ¢(3) =17.450, p < .001.
In Conditions 3 and 4 (90ms per iteration),
accuracy was numerically higher when the ISI
was shorter (M= 54.60, SD=10.68) than when it
was longer (M=44.50, SD="7.554), but not
significantlyso, #(3) =4.56, p=.020. Similarly, in
Conditions 5 and 6 (185ms per iteration),
accuracy was not significantly higher when
the ISI was shorter (M=41.40, SD=6.72)
than when it was longer (M= 34.73, SD=2.71),
#(3) =2.18, p=_.117.

Relative duration of stimulus presentations
and ISIs. Recall that there were several paired
conditions intended to reveal the importance of
the relative durations of the stimulus presenta-
tions and ISIs. In particular, no-ISI trials with
30-ms stimulus durations appeared in the
context of trials with both shorter (15-ms) and
longer (60-ms) ISIs, and no-ISI trials with 60-ms
stimulus durations appeared in the context of
trials with both shorter (30-ms) and longer
(125-ms) ISIs. A close inspection of those
elements of Figure 3 (dashed lines in panels 2
and 3,and in panels 4 and 5, respectively) reveals
that accuracy may be slightly better when a
given stimulus duration is longer than the ISI
duration. To test this possibility, a follow-up 2
(stimulus duration: 30 ms, 60 ms) x 2 (relative
duration: ISI longer, ISI shorter) repeated
measures ANOVA was run. Means from these
pairs of conditions appear in the top panel of

Figure 4 (collapsed across repetitions to show
only the effect of display timing). There was no
main effect of stimulus duration: 61.47% versus
70.77% for the 30- and 60-ms conditions
respectlvely, F1, 3)=7.37, p=.073, partial
n®=.711. There was a significant main effect
of relative duration: 61.47% versus 71.59% for
conditions with longer ISIs and shorter ISIs
respectlvely, K1, 3)=280.69, p=.003, partial
n°=.964. There was no interaction between
stimulus duration and relative duration,
F(1, 3) =0.01, p=.944, partial n°=.002. This
confirms that performance did not vary as a
consequence of absolute stimulus duration, but
rather as a consequence of relative stimulus
duration (in comparison to the ISI duration).

Similarly, 30-ms ISI trials appeared in the
context of both shorter (15-ms) and longer
(60-ms) stimulus durations, and 60-ms ISI
trials appeared in the context of both shorter
(30-ms) and longer (125-ms) stimulus dura-
tions. A follow-up 2 (ISI duration: 30ms,
60ms) x 2 (relative duration: ISI longer, ISI
shorter) repeated measures ANOVA was run.
Means from these pairs of conditions can be
seen in the bottom panel of Figure 4. There was
a main effect of ISI duration indicating higher
accuracy on 30-ms ISI trials (52.48%) than
on 60-ms ISI trials (43.20%), F(1,3) =16.61,
p=.027, partial n°=.847. There was no main
effect of relative duration, (1, 3) = 0.10, partial
n?=.769, and there was no interaction
between ISI duration and relative duration,
F(1,3) =2.96, p= 184, partial n° =.497. In this
case, accuracy on ISI trials was determined
exclusively by the absolute duration of the ISI,
and its relation to the stimulus duration had no
effect.

Discussion

This experiment was designed to determine
if change detection is affected by the relative
durations of stimulus presentations and ISIs,
motivated by the observation of a reversed
change blindness effect in the only condition of
Experiment 1 that featured an ISI that was
longer than the stimulus presentation time.
Although no other conditions produced the
reversed change blindness effect seen in
Experiment 1, the relative durations of the
stimulus components did have a systematic
effect on performance: Change detection was
worse when the ISIs were longer than the
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Fig. 4. Comparison of parallel trial types across conditions in Experiment 2. Top panel: ISI trials in different conditions
having the same ISI duration, and either longer than or shorter than the stimulus display duration. Bottom panel: no-ISI
trials in different conditions having the same display duration, and either longer than or shorter than the ISI duration.
Error bars span £ 1 standard error. C1, C2, C3, C4, C5, and C6 refer to conditions 1-6 as defined in Table 1.

intervening stimulus presentations. Further- Accuracy on trials with an ISI was enhanced
more, the two types of trials in the change by repetitions and by shorter overall time
detection task (ISI trials and no-ISI trials) were per repetition. The latter effect, however,
influenced by different factors. was entirely due to the ISI component of a
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presentation: When the same ISI durations
were presented in the context of different
overall durations, there was no difference in
accuracy. Instead, accurate change detection
seemed to rely on the time interval across
which two consecutive displays needed to be
compared: Longer ISIs produced a greater
impairment. Thus, although the main effect of
overall time initially seems counterintuitive
(with less search time paradoxically producing
better accuracy), the effect is merely a
consequence of trials with shorter ISIs by
definition providing less time before a display
terminates.

No-ISI trials, like ISI trials, were also influ-
enced by repetitions and by overall time per
iteration (although in this case, shorter dura-
tions were associated with worse accuracy).
Interestingly, the effect of total duration was
influenced by ISI duration: When no-ISI trials
having the same stimulus durations were
presented in the context of conditions having
different ISI durations, performance was better
when the stimulus durations were longer than
the ISI duration. This is surprising, given that
no-ISI trials did not themselves feature an ISI!
Presumably there was some within-session,
intertrial effect of ISI trials on no-ISI trials
that influenced pigeons’ search strategies or
perception. More important than the absolute
stimulus duration (which did not have a
significant effect on performance) was its
duration relative to the ISI

General Discussion

These experiments add to a growing body of
evidence that change detection in pigeons
parallels human change detection in many
ways: Both are influenced, and in roughly the
same way, by the presence of an ISI (the basic
operational definition of change blindness),
stimulus repetitions, change salience, and ISI
duration (Herbranson et al., 2014, Herbranson,
2015). Experiment 1 initially pointed toward a
possible interspecies difference by showing
that pigeons (unlike humans) are influenced by
stimulus duration; Experiment 2 more precisely
defined the nature of that difference. In particu-
lar, the effect of stimulus presentation times can
be largely, if not completely accounted for by
overall search time: Longer stimulus presentation
times yield longer trials with more time to identify
changes.

The lack of a display duration effect in
human change blindness experiments (e.g.,
Pashler, 1988) is presumably due to slightly
different procedures. The methods employed
in human versions of the flicker task usually
involve presentation of the alternating stimuli
until the change is detected. The pigeon
methods reported here instead presented
alternating stimuli for a fixed number of
iterations. This was done to force pigeons to
see a specific number of repetitions, thus
facilitating analysis of the repetition factor
and minimizing the effects of random, impul-
sive responses early in a trial (presumably
before a change was detected). Thus, human
results more clearly show the effects of the
powerful search time factor (in the form of
response times), whereas the pigeon results
confound search time with the number of
forced iterations during a given trial.

The importance of search time matches the
conclusions of previous studies and is consistent
with the notion that pigeons (like humans)
engage in a location-by-location search during
the repeating stimulus display. Several compo-
nents of a trial increase search time and
can consequently increase accuracy, including
repetitions, stimulus duration, and even ISI
duration. The last of these, however, is impor-
tantly different from the others because inclu-
sion of an ISI also interrupts the transition
between consecutive stimulus displays, thereby
impairing performance. In most cases, that
impairment is strong enough to overcome the
benefit of the additional search time.

An important implication of such a location-
by-location search is that one might fail to detect
a change for different reasons. First, the change
might be obscured by some aspect of the
stimulus display (such as by the presence of an
ISI). Alternatively, change detection might fail
because the location of the change was never
observed in the first place. Both of these likely
occurred in the reported experiments. However,
we argue that the former is the important
contributor to change blindness, as operation-
ally defined here (specifically, as the difference
in accuracy between trials with and without ISIs).
The latter possibility, although it likely led to
some instances of incorrect trials (especially
trials with short total durations), ought to apply
equally to both ISI trials and no-ISI trials, and to
produce no net difference in performance (if
anything, the additional inter-key travel time
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made available by the ISI should allow for
observation of more, not fewer locations).

One of the surprising findings here was the
discovery of a reversed change blindness effect
in one condition (the final condition of
Experiment 1), in which pigeons produced
better accuracy on ISI trials than on no-ISI
trials. Apparently, in some circumstances (pre-
sumably those involving very fast presenta-
tions), the additional time provided by an ISI
can overcome the negative effect of ISI
presence and yield a net increase in accuracy.
It is important to consider at this point how an
ISI might have such an effect on change
detection.

Because neither stimulus display is actually
visible during the ISI, it does not initially seem
as though an ISI could possibly enhance
accuracy at detecting changes to those (non-
visible) displays. However, consider two possi-
ble factors. First, given the spacing between
keys, it would have been difficult for pigeons to
observe more than one key at a time, and
virtually impossible to view the entire three-key
display at once. Consequently, pigeons would
need to physically move to observe all of the
possible change locations. An ISI could provide
more time to travel from key to key without
missing repetitions that could be used to
identify the change. Although responses were
not recorded during stimulus presentation,
some pigeons tended to peck response keys
while the displays were present. Thus, future
research might benefit from recording those
responses and their timing as indicators of
inter-key travel. Alternatively, Herbranson et al.
(2014) and Herbranson (2015) analyzed accu-
racy as a function of key preference and
repetitions to infer this kind of serial search
behavior, even in those birds that did not peck
the ongoing stimulus displays.

Second, note that there was no masking
stimulus presented during the ISI, as is
sometimes done in change detection research.
Consequently, it is possible that a sensory
memory trace made stimulus displays persist
briefly during the ISI. If so, then under some
circumstances, an ISI would have the potential
to increase accuracy in the same manner as
longer stimulus durations do. In general,
however, the impairment associated with ISI
presence appears to be much more powerful
than the possible benefit of additional search
time that it might provide.

The crux of the flicker task is the difference
between ISI and no-ISI trials, with the presence
of an ISI increasing considerably the difficulty
of change detection. On ISI trials, pigeons had
to compare stimulus displays that were sepa-
rated in time by the ISI, a feat requiring some
form of memory. Given the methods and
results of these experiments, it seems likely
that pigeons were using sensory memory to span
the ISI and compare stimuli. Although pigeons
have proven capable of utilizing shortterm
memory (STM; or working memory) in similar
kinds of change detection tasks (Gibson et al.,
2011; Wright et al., 2010), some aspects of the
current procedure and results would seem to
better fit the characteristics of sensory memory
than short-term memory (see Phillips, 1974).

First, sensory memory is considered to be a
high capacity store, whereas STM has strict
limitations on capacity. The stimulus displays in
these experiments (consisting of as many as
24 individual features) would pose a tremendous
challenge for the stringent limits on STM, but
not sensory memory. Second, the results of trials
with ISIs of different durations show that
performance quickly degrades with ISI length,
eventually reaching chance at the longest value
tested in Experiment 2 (125 ms). This also fits
closely the short duration of sensory memory, but
not the relatively more durable characteristics of
STM, which could presumably span intervals of
several seconds or more. If pigeons were using
STM, then performance could be easily main-
tained well beyond 125ms (Shimp & Moffitt,
1977; Diekamp, Kalt, & Giintiirkiin, 2002).

Finally, although change blindness may be
initially surprising and counterintuitive, the fact
that it can be reliably produced in multiple
species and is influenced by a host of variables,
suggest that it may be an important conse-
quence of a general cognitive process such as
selective attention (Zentall, 2005).

Herein lie some of the primary virtues of the
comparative approach. Although theories (such
as selective attention) and methods (such as the
flicker task) imported from cognitive psychology
might or might not yield the expected results in
nonhuman animals, they do motivate novel
research that might not otherwise ever be
pursued (Zentall, 2013). With modern technol-
ogy (such as smart phones, tablet computers,
text messaging, Twitter, and the like) seemingly
stretching human attention toward its limits,
a deep understanding of the limitations of
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attention (such as change blindness and inatten-
tional blindness) are essential if we are to
effectively cope with those limitations. Compar-
ative psychology in particular, is in a unique
position to contribute not just to an understand-
ing of the proximate causal factors that contrib-
ute to change blindness, but also the ecological
relevance and ultimate causes of change blind-
ness. The last of these may be particularly
important, given much of psychology’s disturb-
ing reluctance to embrace evolutionary theory
(Mesoudi, Veldhuis, & Foley, 2010). Although
there remain some points of contention between
modern comparative psychologists and behavior
analysts, one would hope that both can agree on
the relevance of animal behavior to human
psychology, and on the need for a strong
empirical framework, grounded in the natural
sciences (a framework that includes a central
role for Darwinian evolution).
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