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ent routes equally well, suggesting that the two paths
were integrated into a single cognitive map (i.e., that the
relationships between paths and within paths were
equally available). These learning conditions were
similar to those in the Levine et aI. experiments, in
which subjects could integrate all the path segments
during acquisition because they were presented with
the layout in a continuous sequence. Moar and Carleton
also found that the repeated presentation of the routes
improved the accuracy of the subjects' spatial judg
ments.

This finding is quite different from the present
results for the effects of training. An account of this
difference might be that subjects in the Moar and
Carleton studies had many opportunities to integrate the
paths more accurately and completely with the repeated
presentation of the routes. In the present experiments,
the repeated tracing of the individual paths only gave
the subjects the opportunity to learn the separate paths,
because the subjects could only integrate the layouts
after the acquisition of the spatial information. In
conclusion, the time at which integration occurs during
the learning of a spatial layout appears to be influential
in the acquisition and accuracy of survey knowledge.
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NOTES

1. The decrease in mean absolute angle errors was not due to
systematic biases in movements, because the variability in angle
error also decreased as the memory ratings increased. If syste
matic movement biases were responsible for the progression of
angle errors, the variability in angle error would not have con
tinually decreased from an almost random level of performance
to a very accurate level. The standard deviations of angle error
were 49.53, 45.24, 40.39, 32.30, and 12.89 deg for the 1-2 to
9-10 memory-rating categories, respectively.

2. The Bonferroni t is a test statistic for nonorthogonal
contrasts (Myers, 1979) and is appropriate for these comparisons.
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