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IFI values to break the disproportionate influ
ence of short IFls. 

Innis and Staddon (1971; see also Innis, 
1981) compared cyclic-interval schedules 
wi th differen t forms of progressions. In three 
conditions , pigeons were exposed to a set of 
seven Fls increasing either from 20 to 80 s 
and back to 20 s in arithmetic steps; from 18 
to 69 s and back in steps forming a logarith
mic series; or in geometric steps from 3 to 
176 s and back. Innis and Staddon concluded 
from visual inspection of the series of aver
aged postreinforcement pauses that the pi
geons were tracking the FI values under all 
conditions at a lag of zero or one cycle. Track
ing was clearer under the arithmetic and log
arithmic cyclic schedules than under the geo
metric cyclic schedule. This would be 
expected from models that give a dispropor
tionate weight to shorter IFIs, because the oc
casional long IFIs in a geometric series are 
ignored by models of this type. 

Recently, Higa et al. (1993) trained pigeons 
on a sequence of IFIs of 15 s that, at an un
predictable point in the session, could 
change either to IFIs of 5 s (step down) or 
45 s (step up). Higa et al. found that the sub
jects responded almost immediately to the 
step-down change in IFIs, but only gradually 
to a step-up change. Wynne and Staddon 
(1992, Experiment 5) found similar results in 
an analysis of adaptation to longer IFIs. 
Blocks of sessions in which the food delay on 
an RID schedule was 40 s alternated with 
blocks of sessions with food delays of 20 or 
80 s. The development of waiting times ap
propriate to the 40-s food delay was much 
faster after previous experience with delays of 
80 s than after delays of 20 s. These results 
are further evidence that short IFls dominate 
over long ones in controlling waiting time. 

There are some results that, at first glance, 
do not appear to be easily reconciled with the 
EWMM model. Higa et al. (1991, Experiment 
3) simply presented pigeons with a series of 
100 IFls, 99 of which were of 15-s duration. 
Intercalated in this series was a single, ran
domly placed 5-s IFI "impulse." Three of 4 
subjects showed a response to this impulse 
that consisted of a single shorter waiting time 
in the immediately following IFI and a return 
to waiting times consistent with the longer IFI 
value more or less immediately thereafter. 
One subject showed an only slightly shorter 
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Fig. 8. Waiting times predicted from the EWMlv\ 
model for Higa et al.'s (1991) impulse experiment. The 
impulse IFI is IFI O. See text for further details. 

waiting time in the postimpulse IFI, followed 
by a gradual return over three or four IFIs to 
the waiting time produced before the im
pulse. At first glance the evidence from the 
majority of these subjects appears to support 
one-back linear waiting and not the EWMM 
model. 

However, the predictions of these models 
are often nonintuitive, so we performed a 
simulation of the behavior pre dicted by 
EWMM linear waiting. Figure 8 shows pre
dicted waiting times from the EWMM model 
for a range of values of 'Y following a single 
short (5-5) IFI embedded in a series oflonger 
(15-s) IFls. Clearly, at higher values of 'Y 
(> 0.7), the impact of the short IFI on waiting 
time was almost entirely confined to the first 
postimpulse IF!. Because in reality, the wait
ing times vary noisily from IFI to IFl, the ap
parent presence of an effect of the impulse 
on later IFIs for values of'Y around 0.5 to 0.7 
would probably not be detectable in empiri
cal data. At values of'Y less than 0.5, the im
pact of a short IFI lasts longer, but it is also 
much smaller in the first postimpulse IF!. 
This is precisely the pattern found for the 
one divergent subject in this experiment. 
Thus, on closer inspection , the EWMM mod
el can account both for the short-lived but 
intense response to a single shorter IFI of the 
majority of subjects and also for the longer 
lasting, less intense response of the one re
maining subject. 

Is there a functional explanation for pi
geons' special sensitivity to short IFls? This 
sensitivity may be a conservative strategy that 
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reduces the possibility that a subject will miss 
an opportunity to get food. Mter all, there is 
an asymmetry in much operant behavior: The 
cost of making an operant response is usually 
very small , but the cost of missing an available 
food delivery is high. Hence, when in doubt, 
respond. There is also the logical fact that 
waiting time is defined by the first response 
in the IF!. .As we have pointed out elsewhere 
(Higa et al., 1991; Wynne & Staddon, 1992), 
a small tendency to respond early in an IFI 
will dominate even a strong tendency to re
spond later, simply because an early response 
removes the possibilily of producing a longer 
waiting time (this is the problem with relying 
exclusively on waiting time as a measure). 

In conclusion, the studies reported here 
have shown that, although adaptation to 
changing IFIs can be rapid, nonetheless it is 
not typically one back, as we had originally 
proposed (Wynne & Staddon, 1988). Rather, 
a model proposing that the last few IFIs in
fluence waiting time in such a way that short 
IFIs have a greater influence than longer 
ones can account for the data from these ex
periments and from a wide range of disparate 
results in the literature. Further research 
needs to analyze more closely the manner in 
which IFIs are combined and the factors that 
control the size of the window over which IFIs 
are measured. 
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