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Abstract Learning is often specific to the conditions of train-
ing, making it important to identify which aspects of the test-
ing environment are crucial to be matched in the training en-
vironment. In the present study, we examined training speci-
ficity in time and distance estimation tasks that differed only in
the focus of processing (FOP). External spatial cues were
provided for the distance estimation task and for the time
estimation task in one condition, but not in another. The pres-
ence of a concurrent alphabet secondary task was manipulated
during training and testing in all estimation conditions in
Experiment 1. For distance as well as for time estimation in
both conditions, training of the primary estimation task was
found to be specific to the presence of the secondary task. In
Experiments 2 and 3, we examined transfer between one esti-
mation task and another, with no secondary task in ei-
ther case. When all conditions were equal aside from
the FOP instructions, including the presence of external
spatial cues, Experiment 2 showed “transfer” between
tasks, suggesting that training might not be specific to
the FOP. When the external spatial cues were removed
from the time estimation task, Experiment 3 showed no trans-
fer between time and distance estimations, suggesting that
external task cues influenced the procedures used in the esti-
mation tasks.

Keywords Skill acquisition . Time estimation . Distance
estimation . Training specificity . Transfer

How far from your home is the nearest airport? There are two
ways to answer this question: one in terms of the time it takes
to get there (e.g., 45 min), and the other in terms of the dis-
tance between the locations (e.g., 45 miles). These two per-
spectives can be viewed as different in the focus of processing
(FOP). In the present study, we explore differences in the
training of time and distance estimates, to see how specific
is the learning in each case. Can training of time estimates
transfer to making distance estimates, and vice versa, or is
training specific to the FOP? Also, are both types of estimates
dependent on the context in which they are made; that is, do
they both depend on the presence of a secondary task?

Learning is often highly specific to the conditions under
which training took place, limiting the transfer of trained
knowledge to new situations, environments, or novel in-
stances. Such specificity has been found in a variety of proce-
dural skills, including the Stroop color-word interference task,
in which subjects responded faster at test when presented with
a trained color-word set than with a new color-word set
(Clawson, King, Healy, & Ericsson, 1995); tasks involving
mental arithmetic, in which subjects responded faster at test
to trained problems than to the same problems with a change
in operation or in operand order (Rickard, Healy, & Bourne,
1994); and tasks requiring speeded aiming movements with
defective computer mice, in which subjects who learned how
to cope with one type of defective mouse showed interference
when they encountered a different type of defective mouse
(Healy, Wohldmann, Sutton, & Bourne, 2006), or even when
they returned to a mouse with no defects (Healy, Wohldmann,
& Bourne, 2011). These investigators all explained the ob-
served specificity of training in terms of the procedural rein-
statement principle (e.g., Lohse & Healy, 2012), according to
which test performance is best when the mental procedures
developed in training can be used in subsequent testing. This
principle was derived from the procedural view espoused by
Kolers and Roediger (1984), from demonstrations of transfer-
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appropriate processing (McDaniel, Friedman, & Bourne,
1978; Morris, Bransford, & Franks, 1977; Roediger,
Weldon, & Challis, 1989) and encoding specificity (Tulving
& Thomson, 1973), and from identical-elements models of
learning (e.g., Rickard & Bourne, 1996; Singley &
Anderson, 1989; Thorndike, 1906).

In contrast to the high specificity observed in these studies
documenting the procedural reinstatement principle are inves-
tigations that have shown reliable transfer of skills from one
task to another. For example, in a recent meta-analysis of
training studies involving spatial skills (Uttal et al., 2013), it
was concluded that training of a given spatial task transferred
to other spatial tasks that were not directly trained. In fact,
most impressive along these lines have been studies showing
that working memory training can lead to improvements on
tests of fluid intelligence, even though the trained tasks are
very different from the intelligence tests (see, e.g., Jaeggi,
Buschkuehl, Jonides, & Perrig, 2008, and Sternberg, 2008;
but see also Shipstead, Redick, & Engle, 2012, for a caution-
ary review of these claims).

Because of the previous findings involving the transfer of
training for spatial skills, in the present study we sought to
determine whether the specificity of training found earlier for
various other procedural skills would also apply to a task
involving spatial skills. Although the degree of transfer and
of specificity of skills undoubtedly depends on the exact na-
ture of what is being learned in a given task, according to the
procedural reinstatement principle, there is no reason why
spatial skills should show any less specificity of training than
other types of procedural skills.

Perhaps the strongest evidence for specificity of training
and lack of transfer of training has come from previous re-
search using a dual-task methodology (Healy, Wohldmann,
Parker, & Bourne, 2005), in which subjects completed two
tasks concurrently, one as the primary task and the other as a
secondary task. It was found that primary-task training led to
improved test performance on the primary task only when the
secondary-task conditions at test matched those at training. In
that study, no transfer of training of the primary task occurred
when there was a change from training to testing in the
secondary-task conditions, even though the training and test-
ing both involved that primary task. The secondary task in that
study required subjects to recite aloud the alphabet backward
by every third letter, in one case, or to do nothing, in the other
case. The primary task used in that study involved time esti-
mation; specifically, subjects produced time intervals of a
specified length by pressing a response key when the elapsed
time after a beep was equal to the target time. It is possible that
the strong specificity found in that case was an artifact of the
time estimation task, because the secondary task filled the
time interval being estimated. For example, subjects seemed
to integrate the primary time estimation and secondary alpha-
bet recitation tasks into a single functional task by using the

number of letters recited as a gauge of how much time had
elapsed (see Wohldmann, Healy, & Bourne, 2010, 2012).

To see whether the reliance of the primary-task perfor-
mance on the secondary task depends on the nature of the
primary task, in Experiment 1 we replicated the earlier study
with the addition of a new task involving distance estimation,
and we compared the two different but related estimation
tasks—time and distance estimation. In both of these tasks,
the subjects’ goal is essentially to learn arbitrary units (tempo-
ral or spatial) devised by the experimenter, and these units are
the same for the time and distance estimation tasks. The time
estimation task is equivalent to the one used earlier, whereas
the distance estimation task requires subjects to produce line
lengths of a given magnitude by indicating when a stimulus
line growing at a fixed rate has reached a certain length. This
distance estimation task was chosen in part because it involves
spatial skills, which were found to exhibit high transfer in the
meta-analysis of Uttal et al. (2013). The distance estimation
task was also selected because it could be closely aligned with
the time estimation task in almost all respects, except for the
task focus on spatial, rather than temporal, information.
Substantial differences have been observed in the types of
coding used for temporal and spatial information in short-
term memory (e.g., Healy, 1975), and such differences might
well be associated with differences in the learning of temporal
and spatial skills.

In each estimation task group of Experiment 1, half of the
subjects were trained to perform the primary estimation task
concurrently with the secondary alphabet task, and the re-
maining subjects were trained to perform the primary estima-
tion task alone in silence. All subjects were tested with the
same primary estimation task used at training, but half of the
subjects in each estimation task group had the same
secondary-task condition as at training, whereas the
secondary-task condition was changed for the other half of
the subjects in each estimation task group. If the strong spec-
ificity observed in the earlier study was an artifact of the time
estimation task requirements, such specificity of training
should be found only with that task. In contrast, if training is
more generally specific to the secondary-task requirements, as
implied by the procedural reinstatement principle, then the
same pattern of results should be found for distance estimation
as for time estimation. For example, subjects could integrate
the primary estimation and secondary alphabet recitation tasks
to form a single functional task that uses information about
how many letters have been recited in the secondary task to
gauge not only howmuch time has elapsed, but also how long
the stimulus line has grown.

Experiment 1 included one distance estimation task and
two time estimation tasks. The first time estimation task and
the distance estimation task differed only in their FOPs, on
either time or distance. Specifically, subjects were shown a
stimulus line that continually grew in length at a fixed rate,
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with the start of the line varying in terms of its horizontal
location. For this time estimation task, the subjects were told
to press a key after a certain time interval had passed, and for
the distance estimation task, the subjects were told instead to
press a key after the stimulus line had reached a certain length.
These two estimation tasks were equivalent, such that the
required ending time equaled the required ending distance
(e.g., 20 units of distance is the same as 20 units of time, in
terms of the distance that the line grows in that amount of
time). Finding less training specificity to the secondary task
for the distance estimation task than for this time estimation
task under these controlled conditions would allow us to con-
clude that the magnitude of training specificity depends on the
FOP. The second time estimation task examined in
Experiment 1 was similar to that used by Healy et al.
(2005). In that task, time estimation occurred without the pres-
ence of any growing line and was otherwise identical to the
other time estimation condition. Including this condition
allowed for assessing whether any observed differences be-
tween time and distance estimation in their specificity to the
secondary task were due to the presence of an external stim-
ulus line.

In Experiment 1, each subject performed only one of the
three estimation tasks, and we examined transfer across dif-
ferent secondary-task conditions. In contrast, there was no
variation in secondary-task conditions in Experiments 2 and
3; instead, in these experiments we examined transfer across
different primary-task conditions—that is, between one pri-
mary estimation task and another, subsequent primary estima-
tion task. Does training with time estimation enhance perfor-
mance on distance estimation, and vice versa, or is training
specific to the FOP?Uttal et al. (2013) found transfer from one
spatial task to another, but in the present experiments we con-
sidered whether transfer takes place from a spatial task to a
similar temporal task, or vice versa. To address this issue, we
varied both the training condition (time estimation training,
distance estimation training) and the testing condition (time
estimation test, distance estimation test) in Experiments 2 and
3. Even though the conditions of training on the two tasks
should be comparable, the differences in FOPs might preclude
transfer across tasks, so that testing on a given task would not
benefit from prior training on the alternate task, relative to no
prior training. Such a finding would indicate that training
specificity applies even to the FOP. In Experiment 2, the time
estimation task, like the distance estimation task, included the
presence of a growing line, whereas no growing line was
present in the time estimation task of Experiment 3.

Experiment 1

The subjects were assigned to one of three training and testing
conditions, depending on what they estimated and what they

saw. In the distance estimation condition, they estimated the
distance of a line that they saw continuously growing across
the screen, with their task being to indicate when the line had
reached the target length in terms of the number of distance
units. In the time estimation conditions, subjects instead esti-
mated time. In one condition (time line), they also saw the
continuously growing line on the screen, and in the other
condition (time), no line was shown on the screen. In both of
those conditions, the subjects’ task was to indicate when a
given number of time units had passed. Within each of these
three estimation conditions, subjects were in one of four com-
binations of training and testing secondary-task conditions,
depending on whether or not they conducted a difficult alpha-
bet secondary task concurrently with the time estimation task.
This design allowed for the determination in each of the three
estimation conditions of whether maintaining the same
secondary-task condition at training and testing was advanta-
geous for estimation accuracy at test, relative to switching the
secondary task between training and testing, which would
reflect the amount of specificity of training for the primary
estimation task that was dependent on the presence of the
secondary task.

Method

Subjects A total of 156 undergraduates from an introductory
psychology course at the University of Colorado participated
for course credit. There were 12 subject groups, with 13 sub-
jects in each group. Subjects were assigned to groups by a
fixed rotation based on their time of arrival for testing.

Design The 12 subject groups varied as a function of estima-
tion condition (distance, time, or time line), secondary-task
continuity (same or switch), and secondary-task presence at
test (no or yes). A mixed factorial design was, thus, used with
three between-subjects variables—estimation condition,
secondary-task continuity, and secondary-task presence at
test—and two within-subjects variables—phase (training or
testing) and block of trials (1–6). The dependent variable
was the proportional absolute error, which is the absolute dif-
ference between the interval produced and the specified inter-
val divided by the specified interval [i.e., (|produced interval –
specified interval|)/specified interval], which provides a nor-
malized assessment of the magnitude of the estimation error.

Procedure Subjects were told to estimate a given number of
units of either a line distance interval or a time interval. For the
time interval, they were told that they would “be asked to
estimate a certain interval of time, expressed in fixed arbitrary
‘units’ (not standard units like seconds or minutes).” For the
distance interval, they were told that they would “be asked to
estimate a certain interval of line distance, expressed in fixed
arbitrary ‘units’ (not standard units like centimeters or
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inches).” Specifically, the subjects’ task was to produce a
specified number of units (time or distance) for six blocks of
six trials. On a given trial, subjects were shown the number of
units for them to estimate (e.g., “After the beep, estimate x
units.”). Next, they heard a beep and saw a cross or a random
letter cue in a random location somewhere along the middle
row of the screen.

For the distance and time line conditions, subjects saw a
growing line that began at the cross or letter cue, increased
toward the right, and continued increasing in length at a fixed
rate until it reached the right edge of the screen, after which it
continued one row below, from the left edge of the screen
increasing toward the right. No mention of this growing line
was made in the instructions for the time line condition. When
the subjects thought that the target distance or time had been
attained, they were to press the space bar to indicate that the
specified number of units had been reached since the beep had
been heard and the cross or letter had appeared on the screen.
After making their space-bar response, subjects received im-
mediate feedback, which stated the subjects’ estimated inter-
val length and the difference between their estimated interval
and the specified target interval (e.g., “Your estimate was x
units. This was y units too short.”). Feedback was provided on
every trial of training and testing.

Each block of training and testing had one trial of six dif-
ferent target intervals (21, 25, 32, 47, 50, and 56). For each
subject, the order of target intervals was random in a given
phase but remained the same for all six blocks in that phase.
Unknown to the subject was the fact that each time unit was
equal to 783 ms (as in the study by Healy et al., 2005). The
unit of line length corresponded to that of the time unit, so that
correct responses would be the same in the two conditions.
Subjects learned the information about unit length indirectly
throughout training and testing via the feedback that they re-
ceived after making each response. The training and testing
phases were separated by a timed unfilled break of 5 min.

The secondary task, which was the same as the difficult
alphabet task used by Healy et al. (2005), consisted of reciting
aloud the alphabet backward by every third letter (i.e., skip-
ping two letters), starting with the given random letter cue
(e.g., if the cue was “t,” the subjects would say “t, q, n, k,”
etc.). Subjects were told that if they reached the start of the
alphabet (a) in their recitation, they were to revert to the end of
the alphabet (z) and continue from that point. They performed
this secondary task during the entire interval from the presen-
tation of the letter cue to their response of pressing the space
bar. No feedback was given to subjects concerning the accu-
racy of these secondary-task responses, and although they
were not scored, the experimenter was in the room with each
subject to monitor the subject’s responses. Also, if the subjects
made a procedural error (e.g., recited forward instead of back-
ward or did not skip any letters), the experimenter gave the
subjects general feedback about their incorrect procedure. To

ensure that the subjects could perform the secondary alphabet
task correctly, before the first phase containing the secondary
task the subject was instructed to practice for the experimenter
the task of reciting aloud the alphabet in backward order by
every third letter, beginning from the letter “m,” and was
prompted to continue to do so until he or she reached the letter
“x” (i.e., m, j, g, d, a, x). Specific feedback was given to the
subject during this initial practice of the secondary task.

Results

Overall analysis An initial overall mixed factorial analysis of
variance was conducted to examine the acquisition and reten-
tion of the estimation skill across the six blocks of training and
testing. The analysis included the between-subjects factors
Estimation Condition, Secondary-Task Presence at Test, and
Secondary-Task Continuity, along with the within-subjects
factors Phase and Block (see Table 1 for a statistical summary
of the results). Here and in subsequent analyses, the measure
of performance was proportional absolute error. All significant
effects (p < .05) are reported in the text.

Of greatest interest was the effect of secondary-task conti-
nuity (same, switch), which should be evident in the testing
phase but not in the training phase if training is specific to the
secondary task. However, in previous studies using the time
estimation task (e.g., Healy et al., 2005; Wohldmann et al.,
2010, 2012), most of the learning occurred in the first block of
training trials, so the crucial predicted interaction of
secondary-task continuity and phase might only be evident
when considering the first block of trials (i.e., a significant
three-way interaction of secondary-task continuity, phase,
and block might occur). Indeed, as in the earlier studies with
this task, we observed a significant interaction of phase and
block, reflecting the fact that performance (as measured by
proportional absolute error) was much worse in the first block
of the first phase than in any other block. Thus, as had previ-
ously been found for time estimation, most of the learning
occurred during the first block of training. In addition, as
was predicted given specificity of training to the secondary
task, there was also a significant three-way interaction of
secondary-task continuity, phase, and block. This interaction
shows that the improvement from the first block of training to
the first block of testing was greater when the secondary-task
conditions during training were the same as those during test-
ing than when the secondary-task conditions were switched
between training and testing (see Fig. 1, top panel). As will be
discussed later, however, the specificity of training document-
ed by the three-way interaction does not account for all of the
learning that took place in this experiment, because perfor-
mance in the switch group (not just that in the same group)
was also worse on the first block of training than on the first
block of testing, indicating the presence of some general learn-
ing as well as learning specific to the presence of the
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secondary task. In any event, the evidence for specificity of
training was equivalent across the three estimation conditions;
we found no hint of a four-way interaction of estimation con-
dition, secondary task continuity, phase, and block.

Some components of the crucial significant three-way in-
teraction (i.e., effects involving a subset of the three factors
comprising the interaction) were also significant, including
the main effect of block, the main effect of phase, and the
interaction of secondary-task continuity and phase. Also

significant was the interaction of secondary-task presence at
test and phase, because naturally the secondary task’s pres-
ence at test affected testing (no: M = .118, SEM = .003; yes:
M = .236, SEM = .005) but not training (no:M = .213, SEM =
.005; yes:M = .222, SEM = .006). The component main effect
of secondary-task presence at test was also significant. In ad-
dition, we found a significant three-way interaction of
secondary-task continuity, secondary-task presence at test,
and phase, as well as the component two-way interaction of

Table 1 Overall analysis of variance for Experiment 1

Source df F η2 p

Between Subjects

Estimation condition (E) 2 1.22 .017 .298

Secondary-task presence at test (T) 1 25.56 .151 <.001

Secondary-task continuity (C) 1 0.11 .001 .743

E × T 2 1.88 .026 .156

E × C 2 0.67 .009 .513

T × C 1 32.81 .186 <.001

E × T × C 2 0.27 .004 .762

S within groups (error) 144 (0.440)

Within Subjects

Phase (P) 1 34.45 .193 <.001

P × E 2 1.13 .015 .326

P × T 1 62.56 .303 <.001

P × C 1 12.19 .078 <.001

P × E × T 2 2.71 .036 .070

P × E × C 2 0.57 .008 .567

P × T × C 1 95.64 .399 <.001

P × E × T × C 2 1.74 .024 .180

P × S within groups (error) 144 (0.133)

Block (B) 5 42.86 .229 <.001

B × E 10 1.27 .017 .245

B × T 5 1.30 .009 .262

B × C 5 0.36 .002 .877

B × E × T 10 1.50 .020 .135

B × E × C 10 0.97 .013 .471

B × T × C 5 0.36 .002 .874

B × E × T × C 10 1.31 .018 .220

B × S within groups (error) 720 (0.052)

P × B 5 31.14 .178 <.001

P × B × E 10 1.63 .022 .095

P × B × T 5 1.17 .008 .320

P × B × C 5 2.84 .019 .015

P × B × E × T 10 0.86 .012 .574

P × B × E × C 10 0.60 .008 .817

P × B × T × C 5 0.63 .004 .677

P × B × E × T × C 10 0.92 .013 .510

P × B × S within groups (error) 720 (0.052)

Values in parentheses represent mean squared errors. S = subjects
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Fig. 1 Proportional absolute error in Experiment 1, as a function of
secondary-task continuity (same, switch), phase, and block (top panel)
and as a function of secondary-task presence at training (yes, no),
secondary-task presence at test (yes, no), phase, and block (bottom
panel). Error bars show between-subjects standard errors of the mean
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secondary-task continuity and secondary-task presence at test.
These interactions reflect the fact that the error magnitude was
higher when there was a secondary task than when there was
no secondary task in a given phase. Also, the advantage at
testing for keeping the secondary task the same as at training,
relative to switching, depended on the secondary-task pres-
ence at test: The advantage for the same over the switch group
at testing was larger when there was no secondary task at test
(training same: M = .153, SEM = .005; training switch: M =
.273, SEM = .008; testing same:M = .102, SEM = .003; testing
switch:M = .135, SEM = .004) than when there was a second-
ary task at test (training same:M = .301, SEM = .011; training
switch:M = .142, SEM = .005; testing same:M = .224, SEM =
.006; testing switch: M = .248, SEM = .007); see also Fig. 1,
bottom panel.

Separate follow-up tests for each phase (training and test-
ing) were conducted to explore further the crucial three-way
interaction of secondary-task continuity, phase, and block. As
we expected on the basis of specificity of training, for the
testing phase the interaction of secondary-task continuity
and block was significant, F(5, 720) = 2.79, MSE = .036, p
= .017, η2 = .019, whereas this same interaction was not sig-
nificant for the training phase, F(5, 720) < 1.

Specificity and transfer To focus on specificity and transfer, a
mixed factorial analysis of variance was conducted that was
limited to the first block of training and the first block of
testing. This analysis was partially redundant with the
overall analysis, but it served to highlight the important
patterns of results, especially because of the finding from the
overall analysis that most of the learning occurred in the first
block of training. This analysis also had the advantage of
being similar to the Block 1 analysis used by Wohldmann
et al. (2012) to examine specificity and transfer in the time
estimation task. This analysis included the between-subjects
factors Estimation Condition, Secondary-Task Continuity, and
Secondary-Task Presence at Test, and the single within-
subjects factor Phase. Evidence of specificity of training
would take the form of an interaction between phase and
secondary-task continuity, showing better performance during
testing but not during training when the secondary-task con-
dition was the same during training and testing, relative to
when the secondary-task conditions were switched from train-
ing to testing. This crucial interaction was significant, F(1,
144) = 9.61, MSE = .133, p = .002, η2 = .063, because we
observed a lower proportional error for the same than for the
switch group at testing, with a smaller difference (in the op-
posite direction) at training between same and switch (see
Fig. 2, top panel), as we would expect, given specificity of
training. Confirming this pattern, in separate tests of each
phase, the main effect of secondary-task continuity was sig-
nificant for the testing phase,F(1, 144) = 15.63,MSE = .056, p
< .001, η2 = .098, but not for the training phase, F(1, 144) =

1.85,MSE = .239, p = .175, η2 = .013. The three-way interac-
tion of phase, secondary-task continuity, and estimation con-
dition was not significant, F(2, 144) < 1, indicating that spec-
ificity was observed for all three estimation conditions.
However, as we mentioned in the consideration of the overall
analysis, the observed specificity evident in Fig. 2 cannot ex-
plain all of the learning that occurred in this experiment: The
difference between training and testing for the switch group is
at least as large as the difference at testing between the same
and switch groups, suggesting that learning has a general com-
ponent, as well as a specific component due to the presence of
the secondary task.

Fig. 2 Proportional absolute error in Block 1 of Experiment 1 for each
phase, as a function of secondary-task continuity (same, switch) (top
panel) and as a function of secondary-task presence at training (yes
train, no train) and secondary-task presence at testing (yes test, no test)
(bottom panel). Error bars show between-subjects standard errors of the
mean
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We found one significant interaction involving estimation
condition—namely, a significant interaction of secondary-task
presence at test and estimation condition, F(2, 144) = 4.68,
MSE = .162, p = .011, η2 = .061, reflecting the fact that the
presence of the secondary task at test affected performance
overall (averaged across the two phases) more in the time
condition (no: M = .223, SEM = .018; yes: M = .351, SEM =
.029) than in the distance condition (no: M = .214, SEM =
.013; yes:M = .308, SEM = .021) or in the time line condition
(no: M = .253, SEM = .018; yes: M = .247, SEM = .013), in
which themeans were actually reversed. In addition, there was
a main effect of phase, F(1, 144) = 88.47, MSE = .133, p <
.001, η2 = .381, because of an overall reduction in proportional
error from training (M = .345, SEM = .014) to testing (M =
.187, SEM = .007). We also observed a significant three-way
interaction of phase, secondary-task continuity, and
secondary-task presence at test, F(1, 144) = 18.65, MSE =
.133, p < .001, η2 = .115, because the reduction in proportional
error when the secondary tasks were the same at training and
testing, relative to when they were switched between training
and testing, was evident at testing both when the secondary
task was present and not present at testing. In contrast, the
reduction in proportional error for the same relative to the
switch group was evident at training only when the secondary
task was not present at testing. The difference between the
same relative to the switch group at training was in the oppo-
site direction when the secondary task was present at testing,
presumably because of the higher proportional error when a
secondary task was present, relative to when a secondary task
was not present in a given phase (see Fig. 2, bottom panel).
Furthermore, the component main effect of secondary-task
presence at test, F(1, 144) = 15.03, MSE = .162, p < .001, η2

= .095, the component interaction of secondary-task continu-
ity and secondary-task presence at test, F(1, 144) = 19.74,
MSE = .162, p < .001, η2 = .121, and the component interac-
tion of phase and secondary-task presence at test, F(1, 144) =
4.44, MSE = .133, p = .037, η2 = .030, were all significant.

Discussion

In previous experiments of time estimation (e.g., Healy et al.,
2005), test performance was better when secondary-task pres-
ence was the same at training and testing than when it was
switched from training to testing, indicating that training of
time estimation was specific to secondary-task presence. It
was possible that this effect of specificity to the secondary
task was unique for time estimation (or was an artifact of the
time estimation procedure), because the secondary task filled
the time interval being estimated. Nevertheless, the same
training specificity of the primary task to the presence of a
secondary task was evident in the present study for distance
estimation as well as for time estimation with and without a
growing line evident, and the magnitudes of the observed

specificity of training were statistically equivalent in the three
conditions, despite another significant difference between
them. Thus, the observed specificity cannot be attributed to
the fact that the secondary task filled the time interval being
estimated.

As we mentioned in the results, the learning specific to the
secondary task was accompanied by more general learning,
whichwas evident from the improvement from training to testing
even when there was a switch in secondary-task presence.

Experiment 2

Experiment 1 verified that test performance on estimating in-
tervals suffered when there was a switch from training to test-
ing with respect to the presence of a secondary task during
estimation, thereby demonstrating that training in estimation
is specific to a secondary task that one engages in while esti-
mating. The question arises whether specificity of training
would also be evident if one switched between training to
testing with respect to the FOP during interval estimation.
To evaluate this question, in Experiment 2, subjects were
trained in one estimation task (distance or time) and were then
tested in either the same estimation task (i.e., with the same
FOP) or the alternate estimation task (i.e., with the alternate
FOP). In each case, subjects saw on the screen a line that grew
at a fixed rate, with the horizontal starting position of the line
varying randomly across trials. In this experiment, no second-
ary tasks were present during estimation in either primary
task. Thus, the procedures for the subjects were identical for
the two estimation tasks, with only the FOP (time or distance)
varying across tasks.

Method

Subjects A total of 48 undergraduates from an introductory
psychology course at the University of Colorado participated
for course credit. They were divided into four subject groups,
with 12 subjects in each group. Subjects were assigned to
groups by a fixed rotation based on their time of arrival for
testing.

Design The four subject groups varied as a function of train-
ing condition and task continuity. A mixed factorial design
was, thus, used with two between-subjects variables—training
condition (distance, time line) and task continuity (same,
switch)—and two within-subjects variables—phase (training,
testing) and block (1–6). The dependent variable was propor-
tional absolute error.

Procedure The procedure was the same as in Experiment 1
for the distance and time line conditions, except that there was
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no secondary task during either training or testing for any of
the subjects.

Results

Overall analysis An initial overall mixed factorial analysis of
variance was conducted to examine the acquisition and reten-
tion of the estimation skill across the six blocks of training and
testing. The analysis included the between-subjects factors
Training Condition and Task Continuity, along with the
within-subjects factors Phase and Block. Of interest was the
significant interaction of phase and block, F(5, 220) = 18.53,
MSE = .039, p < .001, η2 = .296, reflecting the fact that per-
formance (as measured by proportional absolute error) was
much worse in the first block of the first phase than in any
other block. Thus, as in Experiment 1, most learning occurred
during the first block of training. We also observed a signifi-
cant main effect of block, F(5, 220) = 14.55,MSE = .049, p <
.001, η2 = .249, because of the overall improvement across
blocks, and a significant three-way interaction of training con-
dition, phase, and block, F(5, 220) = 2.97, MSE = .039, p =
.013, η2 = .063, because the two conditions did not have the
exact same profile of performance across blocks, especially
during testing (see Fig. 3). In separate analyses of the training
and testing phases, the interaction of training condition and
block was significant for testing, F(5, 220) = 3.54, MSE =
.007, p = .004, η2 = .074, but not for training, F(5, 220) < 1.

Specificity and transfer As in Experiment 1, to focus on train-
ing specificity and transfer, an analysis was limited to the first

block of training and the first block of testing. Training
Condition, Task Continuity, and Phase were included as fac-
tors in a mixed factorial analysis of variance, with the first two
factors (Training Condition and Task Continuity) varied be-
tween subjects and the third factor (Phase) varied within sub-
jects. The only significant result was a main effect of phase,
F(1, 44) = 40.99, MSE = .016, p < .001, η2 = .482, reflecting
overall improvement from training (M = .316, SEM = .019) to
testing (M = .151, SEM = .017) in proportional error.
Importantly, the improvements were equivalent when the
tasks used in the two phases were the same and when they
were switched; the interaction of phase and task continuity
was not significant, F(1, 44) < 1. There was a trend for lower
proportional error when the tasks were the same (M = .212,
SEM = .019) than when they were switched (M = .255, SEM =
.024); the main effect of task continuity was marginally sig-
nificant, F(1, 44) = 2.89,MSE = .016, p = .096, η2 = .062, but
the effect of task continuity was at least as great during train-
ing (before any switch could occur) as during testing (after any
switch in the task) (see Fig. 4). No significant effects involved
training condition, F(1, 44) < 1.53, p > .222, in each case.
These results indicate a clear pattern of “transfer,” with no
indication of any training specificity.

Discussion

Estimation performance was better at test than at training for
both time and distance estimation. Performance was no better
at test when the training and testing conditions were the same
than when they were switched, implying no specificity and
perfect “transfer” of training to testing across estimation tasks.
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Fig. 3 Proportional absolute error in Experiment 2 as a function of
training condition, phase, and block. Error bars show between-subjects
standard errors of the mean

Fig. 4 Proportional absolute error in Block 1 of Experiment 2 as a
function of task continuity (same, switch) and phase. Error bars show
between-subjects standard errors of the mean
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It is possible, however, that the lack of specificity was due to
the presence of the growing line in both conditions, which
might have influenced the subjects’ estimation strategies even
during time estimation, when there was no need to consider
the line length. Experiment 3 addressed that issue by remov-
ing the growing line during the time estimation task.

Experiment 3

As in Experiment 2, subjects were trained in one estimation
task (time or distance) and were then tested in either the same
task or the alternate task. In the distance estimation condition,
but not in the time estimation condition, subjects saw on the
screen a line that grew at a fixed rate, with the horizontal
starting position of the line varying randomly across trials.

Method

The method of Experiment 3 was identical to that of
Experiment 2, except that the fixed-rate growing line was
shown only in the distance condition, not in the time
condition.

Results

Overall analysis Again, an initial overall mixed factorial anal-
ysis of variance was conducted to examine the acquisition and
retention of the estimation skill across the six blocks of train-
ing and testing. The analysis included the between-subjects
factors Training Condition and Task Continuity, along with
the within-subjects factors Phase and Block. As in the previ-
ous experiments, of interest was the interaction of phase and
block,F(5, 220) = 5.28,MSE = .039, p < .001, η2 = .107, again
showing that performance was much worse in the first block
of the first phase than in any other block. Also, as previously,
we observed a significant main effect of block, F(5, 220) =
16.53,MSE = .007, p < .001, η2 = .273, because performance
improved overall across blocks. In addition, and importantly,
unlike in Experiment 2, there was a three-way interaction of
task continuity, phase, and block, F(5, 220) = 3.85, MSE =
.007, p = .002, η2 = .080. This interaction shows that the
improvement from the first block of training to the first block
of testing held only when the training and testing blocks had
the same FOP, not when they were switched (see Fig. 5), thus
demonstrating clear specificity of training. In separate analy-
ses of the training and testing phases, as we expected given
specificity of training, the interaction of task continuity and
block was significant for the testing phase, F(5, 220) = 2.66,
MSE = .006, p = .023, η2 = .057, but not for the training phase,
F(5, 220) = 1.62, MSE = .007, p = .157, η2 = .035.

Specificity and transfer To focus on training specificity and
transfer, as in Experiment 2, an analysis was limited to the first
block of training and the first block of testing, including the
factors Training Condition, Task Continuity, and Phase. As in
Experiment 2, a main effect of phase emerged, F(1, 44) =
17.97, MSE = .013, p < .001, η2 = .290, reflecting improve-
ment from training (M = .279, SEM = .025) to testing (M =
.181, SEM = .019) in proportional error. Importantly, the im-
provement was much larger when the tasks were the same at
training and testing than when they were switched from train-
ing to testing (see Fig. 6); the interaction of phase and task
continuity was significant, F(1, 44) = 7.94, MSE = .013, p =
.007, η2 = .153, but no other effects were: F(1, 44) < 2.40, p >
.128, in each case. These results indicate a clear pattern of
specificity of training, with essentially no indication of any
transfer of training from one task to another. Confirming this
pattern of specificity, in separate analyses of each phase, the
main effect of task continuity was significant for the testing
phase, F(1, 44) = 6.18, MSE = .015, p = .017, η2 = .123, but
not for the training phase, F(1, 44) < 1. In fact, a separate
analysis restricted to the conditions involving a switch in es-
timation task from training to testing yielded no main effect of
phase, F(1, 22) < 1, documenting the lack of transfer under
those conditions, whereas a separate analysis restricted to the
conditions involving the same estimation task in training and
testing yielded a large effect of phase,F(1, 22) = 26.96,MSE =
.012, p < .001, η2 = .551, documenting robust improvement
under those conditions. Thus, unlike in Experiment 1, we
found no evidence for general learning beyond the learning
specific to the estimation task in this experiment.
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Fig. 5 Proportional absolute error in Experiment 3 as a function of task
continuity (same, switch), phase, and block. Error bars show between-
subjects standard errors of the mean
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Discussion

The results for Experiment 3 were markedly different from
those of Experiment 2 with respect to the question of any
specificity of training. Experiment 2, which involved the ex-
ternal spatial cue (the growing line) for both the time and
distance estimation tasks, yielded a clear pattern of “transfer”
from one estimation task to another, with no evidence of spec-
ificity of training. In contrast, Experiment 3, which involved
the external spatial cue for the distance estimation task but not
for the time estimation task, yielded no evidence at all for
transfer from one estimation task to another, indicating strong
specificity of training in that case. An analysis of variance
comparing the results fromExperiments 2 and 3 for specificity
and transfer assessed the magnitudes of these crucial differ-
ences. That analysis, like the earlier ones, was limited to the
first block of training and the first block of testing, and includ-
ed the factors Training Condition, Task Continuity, and Phase,
as well as the factor Experiment. The analysis revealed a sig-
nificant three-way interaction of experiment, phase, and task
continuity, F(1, 88) = 5.01, MSE = .014, p = .028, η2 = .054,
documenting the different two-way interactions of phase and
task continuity in the two experiments (cf. Figs. 4 and 6).

General discussion

In all three experiments, most of the learning occurred during
the first block of the training phase, as was demonstrated by
the much higher error rate in that block than in the other

blocks. Strong improvement was found as a result of training,
as was evident both when comparing blocks in the training
phase and when comparing the first block in training to the
first block in testing, in all cases, with one important excep-
tion: No improvement was apparent from training to testing in
Experiment 3, when the training and testing phases involved
different estimation tasks (time vs. distance; i.e., different
FOPs) and when a physical spatial cue (growing line) was
present for the distance estimation task but not for the time
estimation task. Specificity of training (better test performance
when training and testing were the same than when they were
switched) was evident in all cases, again with one important
exception: There was no specificity of training in Experiment
2 when the only difference between training and testing was in
the FOP (time or distance) and when a physical spatial cue
(growing line) was present for both tasks. Specificity of train-
ing was even evident in Experiment 1, when the primary es-
timation task was held constant and only the presence of a
secondary alphabet task varied between training and testing,
and the amounts of specificity were statistically equal in mag-
nitude for the three estimation tasks (time, distance, and time
line). This specificity of training to the presence of a second-
ary task was, thus, not an artifact of the time estimation pro-
cedure, in which the secondary task filled the time interval
being estimated, because it was also evident during the dis-
tance estimation procedure, when the secondary task occurred
concurrently with the growth of the line length that was being
estimated.

Perhaps specificity of training to the presence of a second-
ary task was evident in distance estimation because our sub-
jects in distance estimation used the strategy of estimating
time rather than distance when they were specifically
instructed to estimate line length. However, the subjects must
have relied on the growing line cue at least to some extent in
the distance estimation task, and even to a degree in the time
estimation task when the line cue was available, because the
patterns of transfer and specificity across time and distance
estimation tasks were markedly different in Experiment 2 (in
which both tasks included the line cue, and there was “trans-
fer” without specificity) and Experiment 3 (in which only the
distance task included the line cue, and specificity of training
was evident). The subjects’ attention to the growing line is
understandable, given the well-established finding that atten-
tion is captured by the appearance of new perceptual objects
(see, e.g., Yantis & Hillstrom, 1994).

In Experiment 2, the high “transfer” between time and dis-
tance estimation tasks suggests that training is not necessarily
specific to the FOP when task-relevant external cues are the
same between training and testing (i.e., when a line is present
in all conditions). In contrast, in Experiment 3, the high spec-
ificity between training and testing suggests that training is
specific to the FOPwhen the external task cues that potentially
direct FOP differ between training and testing (i.e., a line is

Fig. 6 Proportional absolute error in Block 1 of Experiment 3 as a
function of task continuity (same, switch) and phase. Error bars show
between-subjects standard errors of the mean
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present only in the distance conditions). Thus, in terms of the
procedural reinstatement principle (e.g., Lohse & Healy,
2012), finding high specificity to the primary task in
Experiment 3 but not in Experiment 2 implies that the proce-
dures used for the primary tasks differed depending on the
FOP, but only if the external task cues differed in the two
FOP conditions.

It is possible that subjects in the time line condition used
the exact same strategy as did subjects in the distance condi-
tion, because in both cases, as was just mentioned, they could
rely on the external spatial cue—namely, the length of the
fixed-rate growing line. Indeed, the lack of specificity across
the time line and distance conditions in Experiment 2 is con-
sistent with that possibility, and this suggests that no real
“transfer” may have taken place in that experiment, because
the two tasks might have been treated as equivalent by the
subjects. However, this possibility that equivalent strategies
were used by the subjects for the time line and distance esti-
mation tasks does not diminish in any way the important result
of Experiment 3, that the distance condition was treated quite
differently from the time condition when a growing line was
not present. There was strong evidence for specificity in that
case, with no evidence of any general learning that transferred
between the distance task and the time task without the exter-
nal spatial cue.

In Experiment 1, we compared all three conditions and
found no significant differences among them, in terms of ei-
ther performance accuracy or the reliance of the primary task
on the presence of a secondary task. Specificity of the primary
task to the presence of a secondary task was found in each
case, and to the same extent statistically. Thus, the present
experiments together demonstrate that specificity to the pres-
ence of a secondary task is not unique to the task of time
estimation, and occurs even for a task relying on spatial infor-
mation, contrary to expectations based on previous demon-
strations of transfer from one spatial task to another (e.g.,
Uttal et al., 2013). In terms of the procedural reinstatement
principle, this finding of specificity to the presence of a sec-
ondary task in Experiment 1 implies that the procedures used
for the primary task also differed depending on the presence of
a secondary task.

As we mentioned in the Discussion of Experiment 1, some
general learning was evident in that situation, as well as learn-
ing specific to the presence of the secondary task, because
improvement took place from training to testing even when
the secondary-task conditions were switched between the two
phases. Because no general learning was evident in
Experiment 3, which held constant for a given subject the
secondary-task conditions, but such learning was evident in
Experiment 1, which held constant for a given subject the
presence of an external spatial cue, it seems likely that some
learning components of time and distance estimation are spe-
cific to the presence of a secondary task, and that different

learning components are specific to the presence of external
spatial cues.

How can the subjects make use of the secondary task in
making their time or distance estimates? Wohldmann et al.
(2010, 2012) provided evidence that when the time estimation
task is coupled with a secondary alphabet task, which can be
viewed as a graduated counting task, subjects use the number
of letters recited as a way to keep track of the amount of time
that has elapsed, thereby combining the primary time estima-
tion task with the secondary alphabet task into a single func-
tional task. Such a strategy would also be possible for the
distance estimation task used here, because the line cue grew
at a constant rate. In future research, it would be worthwhile to
determine whether a different pattern of results would occur
with distance estimation if the line were to grow instead at a
variable rate, so that time could no longer be a reliable cue for
distance. In that case, the number of letters recited would not
be a valid index of line distance, because a given line distance
would be independent of how quickly or slowly it was
achieved. Indeed, in such a case, time estimation would not
be a valid proxy for distance estimation, so the two tasks
would differ not just in FOP, as they did in the present study.
Under such circumstances, transfer from one estimation task
(time or distance) to the alternate task would be less likely,
even when the two tasks included the same external spatial
cues.

In any event, the most important lesson learned from the
present study is that the high degree of training specificity
found for the time estimation task can also be found for a
parallel task involving distance estimation. Subjects per-
formed better on the estimation task during testing when the
presence of a secondary task was the same at training and
testing than when the secondary task switched, even when
no changes were made across training and testing in the pri-
mary estimation task. Furthermore, although the two tasks of
time and distance estimation showed perfect “transfer” when
they differed only in their FOPs and had available the same
external spatial cues, they showed no transfer when the exter-
nal spatial cues were present in the distance task but not in the
time task. Such striking findings of training specificity should
serve as a counterpoint to recent claims that training in one
task aids performance in a very different task (see, e.g., Uttal
et al., 2013, for spatial tasks, but see also Shipstead et al.,
2012, for a review of recent claims for working memory tasks
and a similar caution about them). The present findings imply,
instead, that for a training program to be most effective, it
needs to anticipate all aspects of the primary task, and even
the secondary-task requirements, that will occur during even-
tual testing.
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