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Abstract  

Theories of timing have been elaborated to explain choice between delayed rewards by assuming 

that delays are represented in memory and that subjects sample from memory when choosing 

between alternatives.  To search for covariation in single-trial measures of performance that 

might suggest a common representation of delay was being sampled, we used a procedure that 

allowed for convergent measurement of choice and timing behavior.  Four pigeons responded in 

a concurrent-chains/peak procedure in which the terminal links were fixed-interval (FI) 8 s and 

FI 16 s, across conditions the duration of the initial-link schedule was either short or long, and 

one quarter of the terminal links lasted for 48 s and ended without reinforcer delivery.  

Preference for the FI 8-s alternative was stronger with shorter initial links, replicating the ‘initial-

link effect’.  Responding on no-food trials was unaffected by initial-link duration.  Aggregated 

across trials, responding on no-food trials was typical of the peak procedure:  Response 

distributions were approximately Gaussian, with modes near the FI schedule values, and variance 

was greater for the FI 16-s terminal link.  Measures of performance on individual no-food trials, 

assuming a break-run-break pattern, were also largely consistent with prior studies.  Analysis of 

local measures of initial-link performance (e.g., pause to begin responding, time spent 

responding, number and duration of visits to each alternative, etc) found that the initial-link 

effect was associated with an increase in the number and duration of visits per cycle to the 

nonpreferred alternative.  Regression analyses showed that local initial-link measures contributed 

relatively little additional variance in predicting performance on individual no-food trials, beyond 

the variance accounted for by FI schedule.  Overall, our results provide no strong evidence that 

initial- and terminal-link responding in concurrent chains are mediated by a common 

representation of terminal-link delays.  Variance in initial- and terminal-link behavior appears to 

be largely independent across trials and sessions.    

 

Key words:  concurrent chains, peak procedure, choice, timing, scalar expectancy theory, key 

peck, pigeons.   
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 The concurrent-chains procedure has been commonly used to study choice between 

delayed rewards.  In this procedure, subjects – typically pigeons – respond during a choice phase 

(initial links) to produce access to one of two mutually-exclusive outcome schedules (terminal 

links).  Responding during the terminal link produces access to food according to a reinforcement 

schedule, after which the initial links are reinstated and the next cycle begins.  Choice during the 

initial links is interpreted as a measure of the relative value of the terminal-link schedules, or 

equivalently, of the effectiveness or strength of the terminal-link stimuli as conditioned 

reinforcers.  For example, if the terminal links associated with the left and right initial links are 

fixed-interval (FI) 8 s and FI 16 s, respectively, subjects would usually make more responses to 

the initial link leading to the FI 8 s (e.g., 80% of the total).  Thus, the FI 8-s terminal link would 

be said to have greater value than the FI 16 s.    

 One reason for the widespread interest in concurrent chains has been that steady-state or 

asymptotic choice in the initial links depends on many factors, including temporal context – the 

overall durations of the initial and terminal links.  For example, Fantino (1969) showed that 

choice between a constant pair of terminal links became weaker as the duration of the initial-link 

schedule was increased, a result known as the ‘initial-link effect’.  Conversely, if the overall 

duration of the terminal links is increased with their ratio held constant, preference for the shorter 

terminal link becomes stronger (‘terminal-link effect’; Grace, 2004; Grace & Bragason, 2004; 

MacEwen, 1972).  Overall, though, the strongest determiner of choice is the relative delay to 

reinforcement signaled by the terminal links (Dunn & Fantino, 1982; Grace, 1994).  Thus it is not 

surprising that there have been attempts to explain choice in terms of timing processes.  

 Perhaps the most notable is the application of scalar expectancy theory (SET) to 

concurrent chains (Gibbon, Church, Fairhurst, & Kacelnik, 1988).  According to SET, pigeons 

learn the delays to reinforcement associated with each terminal-link stimulus.  These delays are 



Choice & Timing  4 

represented in memory as Gaussian distributions with scalar variance (i.e., standard deviation is 

proportional to the mean).  Separate distributions are maintained for each terminal link.  During 

the initial link, pigeons repeatedly sample delays from both memories, compare them, and 

respond to the alternative associated with the shorter remembered delay.  The same choice 

mechanism has been described as opting (i.e., choosing the best) in Gallistel and Gibbon’s 

(2000) update of SET, rate expectancy theory (RET).  Gibbon et al. (1988) showed that SET 

could account for a wide variety of choice phenomena in concurrent chains, including 

undermatching when terminal links were both variable-interval (VI) schedules (i.e., response 

allocation that was less extreme than the schedule ratio), overmatching when terminal links were 

both FI schedules (i.e., response allocation that was more extreme than the schedule ratio), and 

preference for VI over FI terminal links.   

 Because SET assumes that there are only two distributions representing delay memory 

(one for each terminal link), both initial- and terminal-link responding must be mediated by these 

distributions.  The implication is that temporal control of initial- and terminal-link responding 

should covary.  Grace and Nevin (1999) devised a procedure to test this prediction.  They used a 

concurrent chains in which the terminal links were analogous to a peak procedure (S. Roberts, 

1981).  The peak procedure, which is widely used in research on timing, is a discrete-trial FI 

schedule in which some trials extend past the schedule value and end without reinforcement.  

When responding on these no-food trials is aggregated, the usual result is that the response 

distribution is roughly Gaussian and reaches its maximum at approximately the FI schedule 

value.  The mode of the distribution (‘peak’) has been interpreted as a measure of the animal’s 

expected time to reinforcement.  Thus, Grace and Nevin’s (1999) procedure was designed to 

allow for convergent measurement of choice and timing, and to test whether initial- and terminal-

link responses were mediated by common distributions.        

 In their experiment, Grace and Nevin (1999) trained pigeons on a concurrent chains/peak 

procedure in which the terminal links were FI 40 s and FI 20 s.  After baseline training, all 

subjects strongly preferred the initial link leading to the FI 20 s terminal link, and estimates of 
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peak location on no-food terminal-link trials closely corresponded to the FI schedule values.  The 

pigeons then received 25 sessions of training on a peak procedure (i.e., the initial links were 

replaced by an intertrial interval) in which the FI 40 s schedule was changed to FI 10 s.  Peak 

locations for all subjects quickly adapted to the FI 10 s.  The concurrent-chains/peak procedure 

was then reinstated, and the terminal-link schedules remained FI 10 s and FI 20 s.  For all 

subjects, initial-link response allocation changed only gradually across sessions even though 

responding on no-food terminal-link trials showed that subjects continued to time the delays (10 

s and 20 s) accurately.  Thus, Grace and Nevin’s results showed a dissociation between initial- 

and terminal-link responding, because subjects’ should have preferred the initial link associated 

with the FI 10-s schedule.       

 Additional evidence of dissociation between initial- and terminal-link responding was 

obtained by Grace(2002).  In his experiment, which also used a concurrent chains/peak 

procedure, the terminal-link schedules were FI 10 s and FI 20 s and were switched every 20 

sessions.  He compared rates of change in initial-link response allocation and peak location on 

no-food terminal-link trials, and found that responding changed more rapidly in the terminal 

links:  It required an average of 2.98 sessions to reach a criterion of 75% of eventual change to 

asymptote for terminal-link responding, compared to 8.45 sessions for initial-link responding.  If 

initial- and terminal-link responding was mediated by a common representation of terminal-link 

delays, then responding should have changed at approximately the same rate (see also Cerutti & 

Staddon, 2003). 

 Berg and Grace (in press) explored whether overall initial-link duration affected 

acquisition of preference, but used the concurrent chains/peak procedure so that any effects on 

temporal control of terminal-link responding could also be observed.  Similar to Grace (2002), 

they used a design in which the terminal links (FI 8 s and FI 16 s) were reversed every 20 

sessions, but explored all possible combinations of short (VI 8 s) and long (VI 24 s) initial-link 

schedules either preceding or following the terminal-link reversal.  As expected, asymptotic 

preference for the rich alternative was stronger with VI 8 s, replicating the ‘initial-link effect’.  
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They found that acquisition was faster when the initial-link duration was short preceding the 

reversal and long following the reversal, compared to vice versa (i.e., short preceding and long 

following).  They concluded that presentation of terminal-link stimuli had relatively greater 

impact when the initial-link duration was long.  According to this view, long initial links prior to 

reversal should produce greater interference when the schedules are changed, whereas long initial 

links post reversal should facilitate acquisition.  However, they found no effects of initial-link 

duration on either acquisition or asymptotic performance on terminal-link no-food trials.   

 These studies suggest that the time course of changes in initial- and terminal-link 

responding are different, and thus call into question the assumption that responding in concurrent 

chains is mediated by a common memorial representation.  However, prior studies have only 

examined response measures from single sessions.  It is possible that evidence for covariation in 

measures of choice and timing could be obtained if data were examined on individual trials.   

 Although distributions of responding on no-food trials in the peak procedure aggregated 

across sessions are approximately Gaussian, responding on individual trials is not.  Instead, 

abrupt shifts in response rate occur, typically characterized by a break-run-break pattern.  When 

performance is aggregated across trials, a Gaussian distribution results.  Cheng and Westwood 

(1993) devised a simple algorithm for analyzing performance on individual no-food trials.  Their 

algorithm identified several measures for each trial, including start time, stop time, run length 

(i.e., difference between start and stop times), middle (average of start and stop times), and run 

rate (i.e., response rate during the run).  They showed that start and stop times were positively 

correlated across trials.  One possible interpretation of this correlation is that subjects sample a 

delay from memory at the start of the no-food trial, and use this delay as a criterion to decide 

when to start and stop responding.  Although there are other potential sources of variance in an 

information-processing model (e.g., variance in clock speed and delay to begin timing), Cheng, 

Westwood and Crystal (1993) provided evidence that this correlation was due to variance in the 

criterion time (see also Church, Meck, & Gibbon, 1994).   
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  Thus, the primary goal of the present study was to obtain measures of performance on 

individual no-food trials in a concurrent chains/peak procedure, and to explore whether variance 

in such measures was related systematically to initial-link performance.  Specifically, we planned 

to obtain measures of performance on single trials during the initial links including pause time 

(i.e., latency to begin responding), overall time spent responding, number of visits to each 

alternative, average visit duration, average number of responses per visit, and number of 

changeovers.  Analysis of covariation between initial- and terminal-link performances on single 

trials ought to provide important diagnostic information relevant to the question of whether a 

hypothetical single representation or process underlies both choice and timing behavior.   

 We were also interested to examine the provenance of the initial-link effect in terms of 

changes in local response measures.  Relatively little is known about local patterns of responding 

in concurrent chains.  Fantino and Royalty (1987) showed that response allocation early in the 

initial links showed evidence of a negative recency effect (i.e., win-shift) when independent but 

not interdependent scheduling during the initial links.  Grace and Savastano (1997) showed that 

the conditional probability of leaving an initial link was approximately constant, implying visit 

durations were expontially distributed, similar to results of Gibbon (1995) for concurrent 

schedules.  However, no prior study has examined local measures of initial-link performance as a 

function of different overall initial-link durations.  A final goal of the present study was to 

explore whether the ‘fix-and-sample’ pattern reported by Baum, Schwendiman and Bell (1999) 

for concurrent schedules characterized performance on concurrent chains.   

 

METHOD 

 

Subjects 

 Four pigeons numbered 191, 192, 193, and 194 participated as subjects and were 

maintained at 85% of free-feeding weight + 15 g by post session feedings. They were housed 



Choice & Timing  8 

individually in a vivarium with a 12:12 hr light/dark cycle (lights on at 0700h).  Water and grit 

were freely available in their home cages.  All had experience with a variety of experimental 

procedures.   

 

Apparatus 

 

Four standard three-key operant chambers, 350 mm deep by 360 mm wide by 350 mm 

high, were used.  The keys were 260 mm above the floor and arranged in a row.  In each chamber 

there was a houselight located 70 mm above the center key and a grain magazine with an aperture 

(60 mm by 50 mm) 130 mm below the center key.  The magazine was illuminated when wheat 

was made available.  A force of approximately 0.10 N was necessary to operate each key, and 

effective responses produced an audible feedback click.  Chambers were enclosed in a sound-

attenuating box, and ventilation and white noise were provided by an attached fan.  Event 

scheduling and data recording were controlled with a MEDSTATE® notation program and a 

MED-PC® system interfaced to an IBM®-compatible microcomputer that was located in an 

adjacent room. 

 

Procedure 

 Because subjects were experienced, training began immediately in the first condition.  

The houselight provided general illumination at all times except during reinforcer delivery.  With 

few exceptions, sessions were conducted 7 days per week at approximately the same time of day 

(1300h).   
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The experiment used the concurrent-chains/peak procedure introduced by Grace and 

Nevin (1999).  Sessions ended when 72 initial-link and terminal-link cycles had been completed, 

or 70 minutes had elapsed, whichever occurred first.  At the start of a cycle, the left and right 

keys were illuminated white, signalling the initial links.  Either the left or right key was selected 

to produce a terminal-link entry, with the requirement that out of every eight cycles, four entries 

were assigned to the right key and four to the left (i.e, interdependent scheduling; Stubbs & 

Pliskoff, 1969).  An initial-link response produced entry into a terminal link provided that:  a) the 

response was made to the pre-selected key; b) that an interval sampled from the initial-link VI 

schedule had timed out; and c) that a 1-sec changeover delay (COD) had been satisfied, (i.e., at 

least 1 sec had elapsed following a changeover to the key for which the terminal-link entry was 

arranged).  The initial-link VI schedules contained 12 intervals constructed from an arithmetic 

progression, a, a + d, a + 2d, ..., where a equals one-twelfth and d equals one-sixth the schedule 

value.  The intervals were sampled randomly without replacement, and the initial-link schedule 

did not begin timing until the first response of the cycle had been made.  In this way, 

postreinforcement pause times could be recorded separately and did not count towards 

completion of the initial links.   

 Terminal-link entry was signaled by extinguishing the side keys and lighting the center 

key either red or green.  The color of the center key depended on whether a left or right initial-

link response had produced the terminal link (red – left, green – right).  Both terminal links were 

presented on 36 cycles per session, of which 27 were food trials and 9 were no-food trials.  On 

the food trials, the terminal-link schedules were always FI 8 s or FI 16 s.  After the schedule 

value had elapsed, the first center-key response was reinforced.  During reinforcement, the 

houselight and keylights were extinguished and the grain feeder was raised and illuminated for 3 
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s.  A 5-s limited hold was in effect on the 27 food trials.  If a response was not made within 5 s 

after reinforcement had been scheduled, the terminal link was canceled, the center key was 

extinguished, and the next cycle began.  All subjects responded consistently on food trials such 

that scheduled reinforcers were rarely cancelled.  On no-food trials, the center key was 

illuminated for 48 s and ended without reinforcement.  At the end of each terminal link the side 

keys were illuminated white, signaling the initial-links, and the next cycle began. 

 The experiment consisted of four conditions, each lasting 20 sessions.  The order of 

conditions was counterbalanced, and is listed for all subjects in Table 1.  Across conditions, the 

initial-link schedule was either VI 8 s (short) or VI 24 s (long).  The terminal-link schedules were 

FI 8 s and FI 16 s, and were changed across conditions such that the the FI 8 s was associated 

with the left initial link once with both short and long initial links.   

 

-- Insert Table 1 about here -- 

 

Peak-Trial Measures:  Session 

 We obtained measures of peak location and variability on no-food trials with data 

aggregated across trials within sessions by using the trimmed median method of Cheng and 

Roberts (1991).  First, a cumulative response distribution was generated for a particular session 

and subject, and the bin that contained the median response was located.  The median time was 

obtained by linear interpolation.  A new cumulative response distribution was then generated 

after excluding all responses that occurred after twice the median.  A median was calculated for 

the new distribution, and the process was iterated until successive medians stopped changing.  

The final median was taken as an estimate of peak time.  Peak response rate was calculated using 
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linear interpolation.  The interquartile range was computed as a measure of variability, by taking 

the difference between the temporal locations of the 25
th
 and 75

th
 percentile responses.  Thus, 

with this method we were able to calculate peak median, interquartile range, and peak response 

rate in each session for individual subjects.   

 

Peak-Trial Measures:  Individual Trials 

Measures of performance on individual no-food trials were obtained using the method of 

Cheng and Westwood (1993).  Their method assumes that responding on no-food trials conforms 

to a break-run-break pattern, and measures include StartTime, StopTime, RunLength (StopTime 

– StartTime), Middle (the average of StartTime and StopTime), and RunRate (number of 

responses between StartTime and StopTime inclusive, divided by RunLength).   

Responses on individual no-food trials were binned into histograms with 1-s intervals.  

The start of responding was defined as the first bin of three consecutive bins in which responses 

had occurred; the StartTime was the elapsed time from the start of the trial to the first response of 

the first bin.  The end of responding was defined defined as the first of three consecutive bins 

with no responses; the StopTime was the elapsed time from the start of the trial to the last 

response in the bin prior to the three bins with no responses.  RunLength was the difference 

between StopTime and StartTime; Middle was the average of StartTime and StopTime, and 

RunRate was the number of responses that occurred between StartTime and StopTime (inclusive) 

divided by the RunLength.     

The .05 significance level was used for all statistical tests. 
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RESULTS 

 

 For all subjects, initial-link response allocation in Conditions 1 and 4 favored the 

alternative associated with the FI 8 s (i.e., left key) and was judged stable by visual inspection by 

the end of training.  As expected, response allocation for Pigeons 191, 193, and 194 reversed and 

stabilized in Conditions 2 and 3 to favor the right key.  The exception was Pigeon 192, who 

showed a strong position bias and continued to respond relatively more to the left key in 

Conditions 2 and 3.  Because our primary goal was to examine local measures of behavior 

associated with typical patterns of molar response allocation, we omitted initial-link data for 

Pigeon 192 from these conditions.  However, results of analyses reported below would be similar 

if these data were included.    

 

-- Insert Figures 1 and 2 about here -- 

 

 Figure 1 shows the proportion of initial-link responses associated with the FI 8-s terminal 

link over the 20 sessions of each condition, averaged across replications and subjects.  Overall, 

preference for the FI 8-s terminal link was stronger with shorter initial links, F(1,3) = 11.21, p < 

.05.  The effect of session was also significant, F(19,57) = 5.88, p < .001, but the interaction was 

not, F(19,57) = 1.03, ns.  Averaged across the last 10 sessions, subjects made 75.7% of choice 

responses to the FI 8-s alternative when the initial link was VI 8 s, compared to 67.1% when the 

initial link was VI 24 s.  This confirms that the ‘initial-link effect’ was obtained (Fantino, 1969).   

 Response rate on terminal-link no-food trials is shown in Figure 2 for the short (upper 

panel) and long (lower panel) initial-link conditions.  Data were aggregated across the last 10 

sessions of each condition, and averaged across replications and subjects.  Response distributions 

were roughly normal and are typical of those obtained with the peak procedure:  For both 

terminal links, responding begins at a near-zero level and rises to a peak that corresponds 
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approximately to the FI value.  The degree of variability is greater for the FI 16 s.  Overall, there 

appears to be little difference between the short and long initial-link condition.   

 For a more quantitative characterization of responding on no-food trials, we examined 

peak location (i.e., median), interquartile range and peak response rate data from individual 

sessions.  Average values of these measures are listed in Table 2 for all subjects and conditions.  

Table 2 shows that the peak medians closely corresponded to the FI schedule values; the slope of 

the best-fitting line relating FI schedule to peak median, constrained to pass through the origin, 

was 0.94 in both the short and long initial-link duration conditions, and accounted for 99% and 

100% of the variance, respectively.  The interquartile range divided by the median (iqr/med) for 

the average data, which is a nonparametric analogue to the coefficient of variation, was equal to 

0.61 and 0.65 for the FI 8 s and FI 16 s schedules in the short initial-link condition.  

Corresponding values of iqr/med for the long initial-link condition were 0.66 and 0.64.  This 

demonstrates that, as expected, responding on no-food trials approximated the scalar property.   

 

-- Insert Table 2 and Figure 3 about here -- 

 

 The peak medians for the left and right terminal links in each condition were combined to 

give a relative measure, (1/PeakL) / (1/PeakL + 1/PeakR).  Given the assumption that peak 

location provides an estimate of the animal’s expected time to reinforcement, it may be 

interpreted as the relative expected immediacy of reinforcement (Grace, 2002).  Relative 

expected immediacy values are shown in Figure 3, averaged across replications and subjects.  

Visual comparison with Figure 1 shows that relative expected immediacy reached asymptote 

faster than initial-link response allocation, consistent with Grace’s (2002) results.  A repeated-

measures ANOVA found a significant effect of session, F(19,57) = 7.85, p < .001, but the effect 

of initial-link duration and the interaction were not significant.  Thus, relative expected 

immediacy was not systematically different in the short and long initial-link conditions.   
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 Next we analyzed local measures of initial-link responding.  Time stamps for every event 

that occurred during the initial links were recorded.  Responding on cycles preceding terminal-

link no-food trials was parsed into ‘visits’ (i.e., bouts of responding) to each initial link.  A visit 

began with the first response of the cycle, and continued until terminal-link entry had been 

obtained or a switch (changeover) to the other alternative occurred.  Changeovers defined a new 

visit, which continued until terminal-link entry or another changeover occurred.  A variety of 

measures were obtained for each cycle, including initial-link pause time (Pause; i.e., the time 

from the start of the cycle to the first initial link response), number of responses to the key 

associated with the FI 8-s and FI 16-s terminal links (Resp8; Resp16), number of visits to the key 

associated with the FI 8-s and FI 16-s terminal links (Visit8, Visit16), average number of pecks 

per visit for each key (PPV8, PPV16; number of responses divided by the number of visits), time 

allocated to each alternative (Time8, Time16; measured as the cumulative duration of all visits to 

that alternative), average visit duration (VDur8, VDur16; time allocated divided by number of 

visits), local response rate to each alternative (local8, local16; number of responses divided by 

time allocated), overall initial-link duration (OverallT; Pause + Time8 + Time16), time spent 

responding (TSR; Time8 + Time16), number of changeovers, and choice proportion (Resp8 / 

(Resp8 + Resp16)).  Average number of pecks per visit, average visit duration, and local 

response rate were recorded as zero for cycles in which no visits occurred to an alternative.  Data 

were aggregated across the last 10 sessions of each condition, giving 20 sessions of performance 

for all subjects (with the exception of Pigeon 192).  Local measures were only computed for 

initial links preceding terminal-link no-food trials.  Note that this constitutes a representative 

sample (25%) of all cycles, because there were equal numbers of FI 8-s and FI16-s no food trials.   

 

-- Insert Table 3 and Figure 4 about here -- 

 

 Descriptive statistics for local measures of initial-link responding are listed in Table 3 for 

both short (VI 8 s) and long (VI 24 s) initial-link conditions.  t tests were used to compare 
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averages between condition.  As expected, the proportion of responses to the preferred alterantive 

(FI 8 s) was greater in the short initial-link condition, and overall initial-link time (OverallT) and 

changeovers were greater in the long initial-link condition.  Time spent responding (TSR) was 

also greater for all subjects in the long initial-link condition but the t test fell just short of 

significance (p < .06) due to variability.  For the remaining local response measures, significant 

differences were obtained for the initial link associated with the FI 16-s terminal link:  Number 

of responses, time allocated, number of visits, responses per visit, and average visit duration were 

all greater in the long initial-link condition.  Local response rate for the FI 16-s alternative was 

greater in the short initial-link condition.  This suggests that the attenuated preference in the long 

initial-link condition – the ‘initial link effect’ – is due primarily to changes in responding to the 

nonpreferred alternative.  None of the differences between the short and long initial-link 

conditions were significant for the preferred (FI 8 s) alternative.   

 We were also interested to examine whether the ‘fix-and-sample’ pattern identified by 

Baum, Schwendiman and Bell (1999) characterized performance in concurrent chains.  Baum et 

al. studied the relationship between average number of responses per visit and preference in 

concurrent schedules.  They found that average responses per visit for the preferred alternative 

increased directly with preference, measured as the ratio of responses to the preferred and 

nonpreferred alternatives.  However, average responses per visit for the nonpreferred alternative 

remained low and approximately constant, regardless of preference (see their Figure 5).  Baum et 

al. called this pattern ‘fix and sample’ because it implied a tendency for subjects to remain at the 

preferred alternative for increasing periods of time, as the reinforcer ratio increased, while 

occasionally sampling the nonpreferred alternative.   

 Figure 4 shows results from all subjects and conditions, in a form analogous to Baum et 

al.’s Figure 5.  The logarithm of the average number of pecks per visit is shown as a function of 

the logarithm of the ratio of preferred and nonpreferred responses.  Data are shown separately for 

preferred (FI 8 s) and nonpreferred (FI 16 s) alternatives, and for both short and long initial-link 

conditions.  Each data point represents performance from a single session.  For all subjects and 
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conditions (with the exception of Pigeon 192, short initial link), average responses per visit for 

the preferred alternative increased as a function of preference (preferred/nonpreferred).  For all 

subjects and conditions, average responses per visit for the nonpreferred alternative decreased as 

a function of preference.  The increase in responses per visit for the preferred alternative is 

consistent with Baum et al.’s results, but the decrease for the nonpreferred alternative is not.  

This suggests that the fix-and-sample pattern identified by Baum et al. for concurrent schedules 

may not apply to concurrent chains.  Apparently, when response allocation shifts in concurrent 

chains, patterns of responding in terms of visits change to both alterantives.   

  

-- Insert Tables 4 and 5 about here -- 

 

 Table 4 shows measures of performance on individual terminal-link no-food trials, 

averaged across replications and subjects.  The measures obtained were start time, stop time, 

middle (i.e., average of start and stop times), run length, and response rate during the run.  For all 

temporal measures (start, stop, middle, and run length), the value was greater for the FI 16-s 

terminal link.  These differences were confirmed statistically; in each case, a repeated-measures 

ANOVA found a significant effect of schedule, but the effect of duration and the schedule x 

duration interaction were not significant.  The middle values were quite close to the schedule 

values, even closer than the medians reported in Table 2 (which were based on data aggregated 

within sessions).  There were no systematic differences in response rate during the run depending 

on schedule or initial-link duration.   

 Correlations were computed between the terminal-link measures for each subject and 

averaged.  Results are presented in Table 5.  Correlations between stop time, and middle and run 

length were strongly positive, which is not surprising because stop time contributed to the latter 

measures.  Start time and stop time were not significantly correlated, contrary to results of Cheng 

and Westwood (1993).  However, stop time was negatively correlated with run rate, and this 
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correlation was stronger in the short initial-link condition.  Again this result is different from 

Cheng and Westwood, who found no correlation between stop time and run rate.   

 An important question was whether variance in measures of temporal control on 

individual no-food trials – start time, stop time, and middle – were correlated with local measures 

of initial-link performance.  To address this issue we conducted a series of multiple regressions, 

in which temporal measures pooled across terminal links and sessions were predicted by delay 

(i.e., FI 8 s or FI 16 s), and the following initial-link measures:  Pause, Visit8, Visit16, Time8, 

Time16, Vdur8, Vdur16, OverallT, TSR, CO (changeovers), and overall response rate.  A subset 

of all initial-link measures was used to avoid potential problems with multicollinearity.  Because 

distributions of temporal variables were positively skewed, logarithms of start time, stop time, 

and middle were used.  Pause, OverallT, and TSR were similarly skewed, and so these variables 

were also log transformed.  The rationale was to determine how much variance the initial-link 

measures could explain, above and beyond that accounted for by delay.   

 

-- Insert Table 6 about here -- 

 

Analyses were conducted for all subjects and conditions (with the exception of Pigeon 

192).  For each analysis, we also attempted to find an optimal set of initial-link predictor 

variables (i.e., the smallest number that accounted for the greatest increase in variance), using 

exploratory stepwise regression techniques.  Results are shown in Table 6.  Averaged across 

subjects and conditions, delay accounted for a greater proportion of the variance in (log) stop 

time and middle (61% and 59%, respectively), compared to start time (17%).  Because middle 

was a linear combination of start and stop times, it is clear that the majority of variance in middle 

accounted for by delay was associated with stop time.  When the initial-link variables were added 

to the regression model, increases in variance were modest:  On average, the variables produced 

increments of 14%, 5%, and 6% for start time, middle, and stop time.  Thus, although there is 

potentially some evidence for covariation with initial-link responding, these results suggest that 
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much of the variance across trials in terminal-link measures that are sensitive to temporal control 

is independent.   

Table 6 also lists the significant coefficients (beta weights) for the best descriptive model 

in each case, as identified through exploratory analysis.  Concentrating on stop time – which was 

the measure most sensitive to schedule value – there is some evidence for consistency across 

subjects.  For all subjects in the short initial-link condition, the coefficient for LogPause was 

positive and significant.  The corresponding LogPause coefficient was only significant for one 

subject (Pigeon 194) in the long initial-link condition.  This suggests that stop times tended to 

increase with relatively longer pausing at the start of the cycle, and the covariation was stronger 

with short initial links.  This result does not appear to be attributable to overall response rate, 

which did not appear in the stop time model for any subject.  Also, for all subjects and conditions 

(with the exception of Pigeon 191, long initial links, discussed below), there was a positive and 

significant coefficient for a variable associated with the FI 16-s terminal link (Visit16, Time16, 

VDur16).  This suggests that stop times tended to increase when relatively more responding had 

been directed to the nonpreferred alternative.  For Pigeon 191 in the long condition, the 

coefficient for VDur16 was positive but that for Visit16 was negative.  Why this occurred is 

unclear.  The coefficients for both variables were significant and in the same direction when each 

was entered separately with Delay, suggesting that the effects were independent.   

Regression results for start time are more difficult to interpret.  Overall, more variables 

tended to remain significant in the model when added to Delay.  A likely reason is that there was 

more variance left unaccounted for by Delay.  LogPause was included in the model for three 

conditions, but its coefficient was negative in two of these.  Overall response rate was included 

for three conditions, and its coefficient was always negative.  A negative relation between 

response rate and start time suggests that the onset of terminal-link responding may not have 

depended purely on timing, but also on motivational or motoric factors.  Results for middle 

appear to reflect combinations of predictor variables that were significant for start and stop time, 

which is not surprising because middle was derived from these measures.    
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We conducted one additional analysis in an attempt to find covariation between initial- 

and terminal-link measures.  Here we asked whether variance in pausing at the beginning of the 

initial links was correlated with variance in terminal-link measures across sessions.  Pause time 

was selected because it was the only temporal variable during the initial links that was 

completely under control of the subject.  If there is a common memorial representation for delay, 

and if decisions to begin responding during the initial and terminal links, and end responding 

during the terminal links, are based on that representation, then the set of pause times and 

terminal-link measures from an individual session represents independent samples from that 

distribution.  To the extent that variance in the distribution (i.e., memorial representation) 

fluctuates across sessions, variances in pause times and terminal-link measures should be 

correlated.   

 

-- Insert Table 7 about here -- 

 

 We calculated variances in initial-link pause times and terminal-link measures for each 

subject and condition.  Logarithmic transformations were used to minimize the influence of 

outliers, because all variables were positively skewed.  None of the correlations reached 

significance for any subject or condition.  The average correlations are listed in Table 7.  Overall, 

correlations were small and not systematically different from zero.   

   

DISCUSSION 

 

 The primary goal of the present study was to test whether a common memorial 

representation might underlie responding during the initial and terminal links of concurrent 

chains.  Pigeons responded in a concurrent chains/peak procedure in which the terminal links 

were FI schedules (8 or 16 s), and 25% of terminal-link presentations were ‘no food’ trials which 

ended after 48 s with no reinforcement.  In this way, both responding during the initial links and 
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temporal control of terminal-link responding could be observed.  Across conditions, the initial 

links were either short (VI 8 s) or long (VI 24 s) duration.  The major result was that variance 

across trials in local measures of initial- and terminal-link responding were largely independent.  

Regression analyses showed that measures of initial-link performance such as latency to begin 

responding, overall time spent responding, and the number and duration of visits to each 

alternative, contributed relatively little additional variance in measures of terminal-link 

performance, once the variance associated with the FI schedule value had been accounted for.   

 According to information-processing accounts of timing (Church, Meck, & Gibbon, 

1994), subjects base their decisions to start and stop responding on an FI schedule according to 

samples (potentially independent) from memory.  Theories of timing have been elaborated to 

explain choice responding in concurrent chains, by assuming that subjects sample from memorial 

representations of delays, and respond to the initial link with the shorter remembered delay.  

Thus in the concurrent chains/peak procedure, subjects’ decisions to respond in the initial and 

terminal links should presumably be mediated by a common representation of delay.  If so, then 

we might expect to find covariation in measures of initial and terminal-link responding that occur 

closely together in time.  Such covariation ought to induce correlations between initial- and 

terminal-link measures from the same trial.  Although we did find some evidence in the short 

initial-link condition that longer pause times and visits to the nonpreferred alternative were 

associated with increased stop times, independently of delay, the amount of additional variance 

explained was small.  Also, the variances in initial-link pause times and terminal-link measures 

on no-food trials were not correlated across sessions.  Overall, therefore, we could find no 

‘footprint’ of a common representation of delay in terms of substantial covariation between local 

measures of initial- and terminal-link responding.   

 The lack of such covariation could not be ascribed to failure of subjects’ behavior to 

show strong temporal control.  Overall, responding on the terminal link no-food trials was 

consistent with expectations based on the timing literature.  Response distributions on no-food 

trials, pooled across sessions, were approximately Gaussian and the variance was greater for the 
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longer (FI 16 s) terminal link (Figure 2), similar to previous results with the peak procedure (e.g., 

W. Roberts, Cheng, & Cohen, 1989).  The middle of the distributions, whether measured as the 

median of responses pooled across sessions, or the average of start and stop times from 

individual trials, were very close to the FI schedule values (see Tables 2 and 4).  Mean start and 

stop times were about one third and five thirds, respectively, of FI schedule values (Table 4).  

Stop time ratios are consistent with previously reported data (Cheng & Westwood, 1993; Church, 

Meck & Gibbon, 1994; Brodbeck, Hampton & Cheng, 1998).  Relative start times were slightly 

earlier than those reported in other studies.  It may be that pigeons begin responding earlier in 

concurrent chains because of the signalled state change at terminal-link onset.   

Overall, terminal-link responding was characterized by a strong degree of temporal 

control, consistent with prior studies.  Moreover, initial-link response allocation also accorded 

with expectations.  All subjects showed preference for the FI 8-s terminal link, and preference 

was stronger in the short initial-link condition.  Combined with other studies which have found 

evidence of dissociation between initial- and terminal-link responding (Berg & Grace, in press; 

Grace & Nevin, 1999; Grace, 2002), the present results thus raise questions about the assumption 

that choice and timing behavior in concurrent chains is mediated by a common representation.   

 The view that pigeons base their decisions when to respond on a single representation is a 

good example of the ‘storage-and-retrieval’ metaphor common to information-processing 

accounts of cognition.  However, it assumes that when ‘choosing’ in the initial links, subjects are 

anticipating future outcomes based on past experience.  This is tantamount to ‘mental time 

travel’ – decision-making in the present based on representations of past and future.  Although 

human behavior may be characterized in this way according to folk psychology (Fletcher, 1995), 

is it valid for pigeons or other nonhumans?  In a recent review on episodic memory, W. Roberts 

(2002) concluded that animals were ‘stuck in time’, that is, they were unable to locate events at 

specific points in time, either past or future.  Although Roberts’ hypothesis is controversial (e.g., 

Clayton, Bussey, & Dickinson, 2003), one implication might be that control by terminal-link 

stimuli over responding during the initial link, and by terminal-link stimuli over responding 
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during the terminal link, should develop independently.  For example, if responding to the 

terminal-link stimuli is changed by training with new schedule values while the initial links are 

withheld, subjects should be unable to respond appropriately to the updated terminal-link values 

when the initial links are reinstated.  This is precisely the result found by Grace and Nevin 

(1999).  Their pigeons ‘preferred’ an upcoming delay that, according to their terminal-link 

behavior, they ‘knew’ to be longer.  The apparent incoherence of this result makes sense if 

control by initial and terminal-link stimuli is independent.  Such independence is also supported 

by the present data, in the failure to find substantial covariation between local measures of initial- 

and terminal-link responding, and by the lack of any differences in terminal-link responding 

between the short and long initial-link conditions (replicating Berg & Grace, in press).     

 A second goal of our study was to examine the origin of the initial-link effect.  It is well 

known that preference for a constant pair of terminal links becomes less extreme as the initial-

link schedule is increased (Fantino, 1969).  However, no prior study has examined changes in 

local measures of responding associated with the initial-link effect.  Our results showed that the 

decrease in preference in the long initial-link condition was associated primarily with increased 

responding to the nonpreferred alternative – specifically, increases in the average number and 

duration of visits per cycle, and number of responses per visit (see Table 3).  Corresponding 

measures for the preferred alternative did not decrease significantly.   

 This finding is arguably consistent with delay-reduction theory (DRT), which Fantino 

(1969) proposed to account for the initial-link effect.  According to DRT, the strength of a 

terminal-link stimulus as a conditioned reinforcer depends on the reduction in time to 

reinforcement signaled by the stimulus, specifically T – t, where T is the average time to 

reinforcement from the beginning of the initial links and t is the time to reinforcement signaled 

by terminal-link onset.  If initial-link duration is increased with the terminal links held constant, 

DRT predicts a reduction in preference because the although the strength of both terminal-link 

stimuli has increased, the stimulus associated with the longer delay has increased relatively more.  

For example, in the present experiment T was equal to 8 s + (8 s + 16 s)/2 = 20 s in the short 
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initial-link condition, and 24 s + (8 s + 16 s)/2 = 36 s in the long initial-link condition.  The delay 

reductions associated with the FI 8 s stimulus were thus 20 s – 8 s = 12 s and 36 s – 8 s = 24 s in 

the short and long conditions, respectively.  Corresponding values for the FI 16 s stimulus were 

20 – 16 = 4 s and 36 s – 16 s = 20 s.  Note that the increase between the short and long initial-

link conditions is relatively greater for the FI 16 s.  Thus, although DRT was developed to 

account for molar preference in concurrent chains, extrapolating its predictions to local measures 

of responding would require a relatively greater increase to the nonpreferred alternative, in 

accord with our results.   

 We also examined whether initial-link responding was consistent with the ‘fix and 

sample’ pattern proposed by Baum, Schwendiman and Bell (1999).  Baum et al. observed that 

visit duration (measured as average number of responses per visit) to the nonpreferred alternative 

remained constant as overall preference increased.  The implication is that as preference becomes 

more extreme, subjects make fewer visits overall to the lean schedule and increasingly fixate on 

the rich one.  As expected, our data showed that visit duration to the preferred alternative 

increased as preference became more extreme (see Figure 4).  However, we also found that a 

corresponding decrease in visit duration to the nonpreferred alternative, contrary to Baum et al. 

(see their Figure 5).  Note that we have plotted data from single sessions, and made comparisons 

across conditions in which variation in response allocation was not nearly as extreme as in Baum 

et al.  Nevertheless if responding in concurrent chains is consistent with fix-and-sample, we 

should not have observed this decrease.   

One possible reason for the discrepancy is that we used a changeover delay (COD) during 

the initial links, whereas most of the conditions in Baum et al.’s study did not.  For the two 

conditions which did, visit durations were longer and more variable (see Baum et al.’s Figure 5).  

Thus, it remains to be seen whether the fix-and-sample pattern only applies in situations with no 

COD, or whether it is restricted to concurrent schedules.     
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Table 1 
 

Order of conditions and schedule values for all subjects.  IL = Initial link; TL = Terminal Link 

 
 

 

Pigeon 191 Pigeon 192

Order IL TL-Left TL-Right Order IL TL-Left TL-Right

1 VI 8 FI 8 FI 16 1 VI 8 FI 8 FI 16

2 VI 8 FI 16 FI 8 2 VI 8 FI 16 FI 8

3 VI 24 FI 16 FI 8 3 VI 24 FI 16 FI 8

4 VI 24 FI 8 FI 16 4 VI 24 FI 8 FI 16

Pigeon 193 Pigeon 194

Order IL TL-Left TL-Right Order IL TL-Left TL-Right

1 VI 24 FI 8 FI 16 1 VI 24 FI 8 FI 16

2 VI 24 FI 16 FI 8 2 VI 24 FI 16 FI 8

3 VI 8 FI 16 FI 8 3 VI 8 FI 16 FI 8

4 VI 8 FI 8 FI 16 4 VI 8 FI 8 FI 16  
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Table 2 
 

Average peak medians (med), interquartile range (iqr), and peak response rate (resp/min) for FI 8 

s and FI 16 s terminal links in both short (VI 8 s) and long (VI 24 s) initial-link conditions.  SE = 

standard error.   
 

 

 

 

 

VI 8 s Initial Link

FI 8 FI 16

med iqr prate med iqr prate

Avg 7.48 4.58 208.46 15.13 9.77 179.94

SE 0.48 0.17 19.85 0.66 0.70 15.45

VI 24 s Initial Link

FI 8 FI 16

med iqr prate med iqr prate

Avg 7.10 4.69 188.10 15.30 9.76 153.27

SE 0.27 0.10 14.76 1.35 0.51 15.13  
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Table 3 

 

Local measures of initial-link performance, averaged across subjects for both short (VI 8 s) and 

long (VI 24 s) initial-link conditions.  SE = standard error.  t tests comparing the short and long 

means are shown in the right-hand column.  Note:  *p < .05; **p < .01; ***p < .001.   

 

 
 

t

Variable

Avg SE Avg SE

Pause 8.04 (2.14) 10.28 (4.13) -1.03

Resp8 19.63 (5.08) 25.26 (3.91) -2.76

Resp16 3.72 (0.73) 8.02 (.63) -9.02**

Time8 12.24 (2.78) 17.48 (3.17) -2.24

Time16 2.00 (.32) 5.03 (.17) -6.64**

CO 0.91 (.11) 2.26 (.35) -3.64*

Visit8 1.15 (.05) 1.77 (.22) -3.1

Visit16 0.77 (.07) 1.49 (.13) -4.26*

Choice 0.83 (.03) 0.73 (.03) 17.24***

PPV8 17.48 (4.04) 15.86 (2.74) 1.01

PPV16 4.73 (.67) 5.48 (.63) -3.28*

local8 2.14 (.17) 1.84 (.26) 2.73

local16 2.52 (.23) 2.06 (.2) 4.12*

OverallT 22.27 (2.9) 32.81 (3.49) -5.72*

VDur8 10.84 (2.16) 10.61 (1.62) .25

VDur16 2.43 (.26) 3.34 (.19) -7.52**

TSR 14.23 (2.83) 22.53 (3.27) -2.98

IL Duration

Short Long
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Table 4 
 

 

Measures of performance on individual terminal-link no-food trials, averaged across subjects, 

shown for the FI 8 s and FI 16 s terminal links in both short (VI 8 s) and long (VI 24 s) initial-

link conditions.  SE = standard error. 
 

 

 

    

 Short Long 

 FI 8  FI 16 FI 8 FI 16 

 Avg SE  Avg SE Avg SE Avg SE 

          

Start 3.18 (0.30)  5.48 (0.44) 2.50 (0.14) 5.53 (0.54) 

Stop 13.41 (1.02)  26.63 (2.22) 13.45 (0.30) 26.74 (1.93) 

Middle 8.29 (0.61)  16.05 (0.99) 7.97 (0.19) 16.13 (1.16) 

RunLength 10.22 (0.87)  21.15 (2.52) 10.94 (0.29) 21.21 (1.63) 

RunRate 218.03 (28.35)  174.35 (22.16) 185.81 (9.20) 152.07 (20.36) 
 

 

 
 



Table 5 

 

Correlations (averaged across subjects) between measures of performance on individual terminal-link no-food trials.  Correlations are 

shown for FI 8 s and FI 16 s terminal links in both the short (VI 8 s) and long (VI 24 s) initial-link conditions.   

 

 

 

  

Short - FI 

8 s       

Short - FI 

16 s    

             

 Start Stop Middle RunL RunR   Start Stop Middle RunL RunR 

Start  -       Start  -      

Stop 0.10  -      Stop 0.02  -     

Middle 0.42 0.93  -     Middle 0.46 0.89  -    

RunL -0.34 0.87 0.65  -    RunL -0.43 0.89 0.60  -   

RunR -0.14 -0.49 -0.46 -0.43  -   RunR -0.04 -0.17 -0.15 -0.17  -  

             

             

  

Long - FI 

8 s       

Long - FI 

16 s    

             

 Start Stop Middle RunL RunR   Start Stop Middle RunL RunR 

Start  -       Start  -      

Stop 0.10  -      Stop -0.19  -     

Middle 0.29 0.98  -     Middle 0.27 0.89  -    

RunL -0.11 0.98 0.91  -    RunL -0.57 0.91 0.62  -   

RunR -0.15 -0.38 -0.39 -0.34  -   RunR -0.02 -0.15 -0.16 -0.12  -  
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Table 6 

 

Results of regression analyses predicting temporal variables from local measures of initial-link performance.  Condition:  S = Short 

initial link; L = long initial link.  VAC Delay = variance accounted for by Delay alone; VAC Model = variance accounted for by 

variables included in model; VAC – All = variance accounted for when all variables were included in the model.  See text for more 

explanation.   

 

Pigeon Condition VAC Delay VAC Model VAC - All Delay VDur16 VDur8 LogPause Visit16 logTSR Time16 Visit8 CO RespRateOv Time8

191 S 0.08 0.18 0.18 0.26*** -0.19** -0.46*** -0.34*** 0.75*** 0.42** -0.45***

L 0.34 0.36 0.39 0.53*** -0.13**

193 S 0.08 0.23 0.27 0.08 0.45*** -0.29***

L 0.16 0.31 0.32 0.32*** 0.32*** -0.16*

194 S 0.16 0.33 0.37 0.32*** 0.20*** 0.47*** -0.34***

L 0.23 0.35 0.35 0.17* 0.31** 0.81*** -0.21* 0.79*** -0.21 -0.36* 0.73** -0.37

Pigeon Condition VAC Delay VAC Model VAC - All Delay VDur16 VDur8 LogPause Visit16 logTSR Time16 Visit8 CO RespRateOv Time8

191 S 0.62 0.65 0.66 0.74*** 0.54** 0.10** 0.06* -0.39*

L 0.74 0.76 0.76 0.99*** 0.16** 0.06* -0.24* -0.15** 0.11* 0.10

193 S 0.44 0.50 0.51 0.64*** 0.26*** 0.69*** 0.64*** -0.79***

L 0.66 0.70 0.70 0.67*** 0.13*** 0.17** 0.70** -0.15* -0.55*

194 S 0.58 0.64 0.65 0.71*** 0.14*** 0.22*** 0.14***

L 0.65 0.69 0.71 0.86*** 0.16*** -0.17***

Pigeon Condition VAC Delay VAC Model VAC - All Delay VDur16 VDur8 LogPause Visit16 logTSR Time16 Visit8 CO RespRateOv Time8

191 S 0.60 0.64 0.65 0.78*** 0.17*** 0.08**

L 0.66 0.68 0.69 0.91*** 0.14*** -0.16***

193 S 0.47 0.53 0.55 0.64*** 0.22*** 0.10*

L 0.63 0.68 0.69 0.83*** 0.1** -0.1** 0.13**

194 S 0.55 0.57 0.61 0.70*** 0.08** 0.09*

L 0.61 0.65 0.68 0.80*** 0.17*** 0.16***

Middle

Stop Time

Start Time

 



Table 7 

 

Correlation across sessions between variance in LogPause and variance in the log-transformed 

measures of responding on terminal-link no-food trials.  Start8, Stop8, and Middle8 are the start, 

stop, and middle times for the FI 8-s terminal link; Start16, Stop16, and Middle16 are the start, 

stop, and middle times for the FI 16-s terminal link.  Correlations were averaged across subjects 

and are shown for both short (VI 8 s) and long (VI 24 s) initial-link conditions.   

 

 

Condition Start8 Stop8 Med8 Start16 Stop16 Med16

Short -0.08 -0.01 -0.07 0.14 0.03 0.10

Long 0.07 0.13 0.15 0.00 0.19 0.16  
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Figure Captions 

 

Figure 1.  Proportion of initial-link responses to the alterantive associated with the FI 8-s 

terminal link as a function of session, averaged across replications and subjects.  Filled and 

unfilled symbols indicate data from the short (VI 8 s) and long (VI 24 s) initial-link conditions, 

respectively.  Bars indicate plus or minus one standard error.   

 

Figure 2.  Response-rate distributions (responses per minute) as a function of time on terminal-

link no-food trials, aggregated over the last 10 sessions of each condition, and averaged across 

replications and subjects.  The upper panel shows results from the short (VI 8 s) initial-link 

condition; corresponding data for the long (VI 24 s) condition are shown in the lower panel.  

Filled and unfilled symbols indicate performance on FI 8 s and FI 16 s terminal links, 

respectively.   

 

Figure 3.  Relative expected immediacy for the FI 8-s terminal link as a function of session, 

averaged across replications and subjects.  Filled and unfilled symbols indicate data from the 

short (VI 8 s) and long (VI 24 s) initial-link conditions, respectively.  Bars indicate plus or minus 

one standard error. 

 

Figure 4.  Logarithm of the average number of pecks per visit (PPV) as a function of the 

logarithm of the ratio of responses to the preferred (FI 8 s) and nonpreferred (FI 16 s) initial 

links, shown for individual subjects and sessions.  Filled and unfilled symbols indicate data for 

the preferred and nonpreferred alternatives, respectively.  Diamonds and squares indicate data 

from the short and long initial-link conditions, respectively.  See text for more explanation.   
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Footnotes 

 

(Authors’ note).  We thank Lavinia Tan for helpful comments.  Address correspondence and 

reprint requests to Randolph C. Grace, University of Canterbury, Department of Psychology, 

Private Bag 4800, Christchurch, New Zealand.  Email:  randolph.grace@canterbury.ac.nz.   
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Figure 2 
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Figure 3 
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Figure 4 
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