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ARTICLE INFO ABSTRACT

Keywords: We examined whether or not interventions that have been used to try to influence predictions of future task
Time duration — unpacking, summing and anchoring — had a similar effect on retrospective estimations of duration. In
Memory three studies, participants experienced a number of short stimuli, such as watching videos, before estimating the
Bias . duration for each of the stimuli and the overall duration. The first estimation given served as an anchor for all
Sﬁgzrligg following estimates. If the first estimation was highly biased in one direction, then subsequent estimates were
Summing more likely to also be biased in the same direction. Additionally, separate estimates for a number of individual

tasks differed from the estimates for all of the tasks combined. This incongruity happened even though all
estimates were given in sequence. Overall, results indicated that memories of past task duration could be in-
fluenced by the manner in which they were elicited.

1. Introduction

People are often inaccurate and biased when estimating duration.
This is true both for estimations of past task duration (Block & Zakay,
1997; Fraisse, 1963; Ornstein, 1969; Poynter, 1989; Wallace & Rabin,
1960) and future task duration (Buehler, Griffin, & Peetz, 2010;
Halkjelsvik & Jgrgensen, 2012; Roy, Christenfeld, & McKenzie, 2005).
There appear to be a number of similarities in when and where esti-
mations of past and future task duration are likely to be biased due to
factors such as the actual task duration and familiarity with the task
(Roy et al., 2005; Roy & Christenfeld, 2007, 2008; Roy, Christenfeld, &
Jones, 2013; Thomas, Handley, & Newstead, 2004, 2007). However,
there are differences in the manner in which past and future task
duration typically have been investigated. The focus of research on
retrospective time estimation generally involves theoretical mechan-
isms that are relevant to estimating duration, such as attention and
memory storage (Block & Zakay, 1997; Grondin, 2010). Research on
future task duration, while still theoretically grounded, tends to focus
more on interventions that could improve predictive accuracy (Buehler
et al., 2010; Halkjelsvik & Jgrgensen, 2012; Roy et al., 2005). For ex-
ample, research has examined techniques such as having participants
try to think about all the subcomponents of a task before estimating
how long it will take them to complete the full task (unpacking: Kruger
& Evans, 2004) and supplying participants with the duration of another

relevant task before estimating task duration (anchoring: Konig, 2005).
Here we examined whether or not interventions that have been used to
try to influence predictions of future task duration — unpacking, sum-
ming and anchoring — had a similar effect on retrospective estimations
of duration.

1.1. Unpacking

One technique that has been used to potentially improve predictions
of future task duration is unpacking, where individuals break down a
task into component parts before estimating total task duration (Kruger
& Evans, 2004; Tversky & Koehler, 1994). It has been proposed that
unpacking could improve time estimation by forcing estimators to in-
clude certain, potentially neglected, subcomponents in their estimate
and to give those subcomponents the proper weight when formulating
their overall estimate (Tversky & Koehler, 1994). Results of studies
using unpacking have been mixed. Studies generally found that un-
packing led to longer estimates of duration (Connolly & Dean, 1997;
Hadjichristidis, Summers, & Thomas, 2014; Kruger & Evans, 2004; Liu,
Li, & Sun, 2014; Min & Arkes, 2012; Tsai & Zhao, 2011), which was
helpful when there was a tendency to underestimate task duration
(Connolly & Dean, 1997; Kruger & Evans, 2004). However, other stu-
dies found no impact of the intervention (Byram, 1997; Jorgensen,
2004). Further, though some found that unpacking led to longer
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estimates, results from these studies do not indicate the exact me-
chanisms that led to the longer estimates — whether it was due to in-
cluding neglected information (Tversky & Koehler, 1994) or some other
issue such as anchoring (Hadjichristidis et al., 2014). Here we examined
whether or not unpacking led to longer estimates of past task duration.

1.2. Summing

A technique for reducing bias in predicted future duration that is
similar to unpacking is summing, or segmentation (Forsyth & Burt,
2008; Macan, 1994). Where unpacking involves thinking about the
component parts before making an overall estimate, segmentation is
estimating the duration of each of the component parts and summing
them together. The sum of the component parts is used instead of the
overall estimate. Like unpacking, a potential reason for why summing
might lead to better estimation is that supplying estimates for each
individual part can help ensure that all portions are accounted for and
properly weighted (Macan, 1994). Alternatively, it might be that
making estimates for the shorter portions of the task reduces the overall
tendency to underestimate that is found in longer tasks (Forsyth & Burt,
2008). In support, Forsyth and Burt (2008) found that when a future
task was likely to be underestimated, using the sum of estimates for
component parts decreased the tendency to underestimate. However,
they found that when estimation was likely to be unbiased, segmenta-
tion actually led to overestimation of task duration. In both cases, re-
sults consistently indicated that the sum of individual parts tended to be
different from the overall estimate (see also Tversky & Koehler, 1994;
Van Boven & Epley, 2003, for similar finding with other judgments).
Here we examine the relationship between summed estimates of in-
dividual parts and estimates for the whole event in retrospective esti-
mates of duration. However, one difference between this study and
previous studies was that we compared sum and whole within in-
dividual participants instead of between participants. We were inter-
ested in examining if being forced to estimate both the individual
components and the overall estimate would help bring both of these
estimates in line with each other.

1.3. Anchoring

Anchors have been employed to help improve a number of different
types of judgments (Bartoshuk, Duffy, Fast, Green, & Snyder, 2002;
Furnham & Boo, 2011). Research indicates that anchors can influence
estimation of future task duration by pushing the estimation toward the
anchor (Konig, 2005). Anchors, either from being directly supplied or
through previous experience, can influence estimated future duration
both for the better and for the worse (Konig, 2005; Konig, Wirz,
Thomas, & Weidmann, 2015; Thomas et al., 2007; Thomas & Handley,
2008; Thomas, Newstead, & Handley, 2003). Anchoring can occur even
when individuals are not prompted to use an anchor (Thomas &
Handley, 2008). This can explain why time estimation often improves
with experience (Tobin & Grondin, 2012; 2015) and feedback (Roy,
Mitten, & Christenfeld, 2008).

Memory for past task duration is often biased (Block & Zakay, 1997;
Fraisse, 1963; Ornstein, 1969; Poynter, 1989; Wallace & Rabin, 1960).
However, even though people are bad at estimating absolute duration —
the exact duration of a task — they appear to be good at estimating the
relative duration of a task — whether it is shorter or longer than other
tasks (Roy et al., 2008). Supplying a correct anchor could therefore
improve subsequent judgment of duration by giving people a correct
starting point from which to adjust upward or downward from de-
pending on the relative duration of the task.

Anchoring also supplies a potential explanation for how unpacking
and summing influence estimates of duration (Hadjichristidis et al.,
2014). In unpacking and summing, participants make a series of
duration estimates. The first estimates might serve as an anchor for all
subsequent estimates and therefore influence an overall shift in bias.
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1.4. Current studies

Our research on unpacking, summing and anchoring in retro-
spective estimation began with a stroke of serendipity. In Study 1, we
were originally interested in the impact of individual differences on
estimation of duration. Fortunately, our design allowed us to also ex-
amine the impact of anchoring and summing on the retrospective es-
timates. In Study 1, we found similarities to results from future task
duration studies in the influence of anchoring and summing. Studies 2
and 3 were designed to more directly investigate these issues as well as
unpacking. In the first two studies, we found that subsequent estima-
tions were influenced by the bias in an initial estimate. If the first es-
timate was highly biased in one direction (overestimation or under-
estimation), then subsequent estimates were likely to be biased in the
same direction. For example, when the first task was very short, par-
ticipants were more likely to overestimate not only the duration of that
task, but also all subsequent tasks and the total duration. Further,
participants' estimates for the individual components did not add up to
their overall duration estimate. In Study 3, we examined whether
supplying participants with the correct duration for the first in a series
of short films would improve subsequent estimations of duration.
Results indicate that instead of making all subsequent estimates more
accurate, supplying the correct duration for the first task simply shifted
the pattern of bias for subsequent estimates.

2. Study 1

The original goal of Study 1 was to examine the influence of musical
training on time estimation. Previous research has found that musicians
were significantly better at estimating the duration of musical stimuli
than were non-musicians (e.g., Panagiotidi & Samartzi, 2013). We were
interested in attempting to replicate those results, and to see if in-
creased ability in estimating duration might also apply to non-musical
stimuli such as listening to a newscast and filling out a questionnaire.
Further, we attempted to determine if certain individual differences
such as increased rumination and depression, which have been linked
with musicians (e.g., Jones, Roy, & Verkuilen, 2014; Roy, Radzevick, &
Getz, 2016; Verhaeghen, Khan, & Joormann, 2005), might mediate the
relationship between musical ability and time estimation. To do so, we
had participants estimate the duration of a song, a newscast, a ques-
tionnaire, and all of the stimuli combined. Because participants pro-
vided estimates for the individual tasks followed by the overall estimate
of duration and we varied which task came first in the sequence, we
were able to examine the relationship between the individual estimates
and the overall estimate (summing) and the impact of the first esti-
mation given on all subsequent estimations (anchoring).

2.1. Method

2.1.1. Participants

Four-hundred participants (Age M = 36.8, SD = 12.3) recruited
from Amazon Mechanical Turk (see Buhrmester, Kwang, & Gosling,
2011, for more information about Mechanical Turk) completed the
survey. We set this target by multiplying the number of scales to be
used in the regression analysis — 4 — by 100. Nineteen participants did
not follow directions or did not correctly answer questions that checked
attention to the task, so we eliminated them from our sample to leave
381 remaining participants. All participants were paid $0.50 for taking
part in the study. An Institutional Review Board approved the research
and participants completed an online informed consent form prior to
beginning the study.

2.1.2. Materials

2.1.2.1. Audio stimuli. Participants listened to the 2min 50s song
“Staying in Love” by Raphael Saadiq and a 2 min 57 s National Public
Radio news report about astronauts with a new espresso machine in
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space (Brumfield, 2015).

2.1.2.2. Questionnaire. Participants indicated responses for the 20-item
Center for Epidemiologic Studies Depression Scale (CES-D; Radloff,
1977), the 10-item Ruminative Response Scale (RRS; Treynor,
Gonzalez, & Nolen-Hoeksema, 2003), the 15-item Uses of Music
Inventory (UOM; Chamorro-Premuzic & Furnham, 2003), and 10
questions about their specific musical training (see Appendix for
detail on each scale).

2.1.3. Design & procedure

Participants completed this study using an online survey platform
directed from Amazon Mechanical Turk. Participants were told that
they would be listening to some audio clips and filling out some
questionnaires and that they would be answering questions about the
stimuli afterward. Importantly, participants were not told that they
would be answering questions about the duration of the stimuli because
prior knowledge that duration is the focus of the study can influence
estimates of duration (Block & Zakay, 1997). First, participants either
listened to the song or news report, with the order of the audio stimuli
randomized. After the first audio piece finished, they completed the
questionnaire items. Then, participants listened to the audio piece that
was not presented initially, song or news report. Once the second audio
piece ended, they separately estimated the time duration of the first
audio piece, questionnaire section, and the second audio piece. After
giving these separate time estimations for each section in the order that
they were presented, participants estimated the amount of time it took
to complete the entire study.

2.1.4. Dependent variable

Bias was measured by taking the log of the ratio of estimated
duration divided by actual duration, called log proportional error (Roy
& Christenfeld, 2007, 2008). For log proportional error, a negative
score indicates underestimation, a score of zero indicates no bias and a
positive score indicates overestimation. By taking the log of the ratio of
estimated duration over actual duration, the data were normalized; as
discussed in the next section, there was positive skew in estimates of
duration for all of the experiments reported here. Use of log propor-
tional error allows for more direct comparison of bias in estimated
duration for components that differ in actual duration.

2.2. Results

2.2.1. Descriptive statistics

As is common, there was a tendency for estimates of duration to be
positively skewed (and not normally distributed - Kolmogorov-Smirnov
test): song skewness = 0.324 (D(381) = 0.092, p < .001); news report
skewness = 1.048 (D(381) = 0.127, p < .001); questionnaire skew-
ness = 1.644 (D(381) = 0.178, p < .001); overall estimate skew-
ness = 0.977 (D(381) = 0.098,p < .001). In terms of median duration
(median used due to skew in data), participants indicated that the song
lasted 2.95 min (IQR = 1.00; actual duration 2.83 min), that the news
report lasted 3.08 min (IQR = 1.50; actual duration 2.95 min), that the
questionnaire lasted 5.00min (IQR = 6.72; actual duration
Median = 4.01 min, IQR = 2.13), and that the whole study took
10.93min (IQR = 5.55; actual duration Median = 12.10 min,
IQR = 3.00). As indicated by a single sample t-test on log proportional
error (log of estimated/actual duration), participants significantly
overestimated the duration of the news report, M = 0.022, SD = 0.164,
t(380) = 2.57, p = .011, d = 0.132, and the questionnaire, M = 0.106,
SD = 0.332, t(380) = 6.20, p < .001, d = 0.318, exhibited no sig-
nificant bias for the song, M = 0.002, SD = 0.121, #(380) = 0.27,
p=.789, d=0.014, and underestimated the overall duration,
M = —-0.069, SD = 0.265; t(380) = —5.06, p < .001, d = —0.259.
The individual difference measures in the questionnaire were, for the
most part, not predictive of bias in time estimation (see Appendix).
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Effect of Order on Bias in Estimation
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Fig. 1. Mean ( = 95% Confidence Interval) bias in estimated duration (log of
estimated duration/actual duration) for all tasks.

2.2.2. Anchoring

A 4 (task estimated) X 2 (order of tasks) mixed-model ANOVA on
bias (log proportional error) was used to examine the effect of an-
choring on estimation. There was a significant main effect of task with
participants differing in bias for the 4 estimates F(3,1137) = 43.95,
p < .001, n,® = 0.104. As can be seen in Fig. 1, post-hoc LSD tests
indicate amount and direction of bias was significantly different be-
tween all paired comparisons of estimated items (ps < .03). There was
a significant main effect of order with a greater tendency to over-
estimate when participants heard the news report first (M = 0.047,
SE = 0.010) than when they heard the song first (M = —0.017,
SE = 0.010), F(1,379) = 18.95, p < .001, npz = 0.048. The overall
main effect of order was qualified by a significant interaction between
task and order F(3,1137) = 6.32, p < .001, np2 = 0.017. As indicated
by a simple effects test, when participants estimated the news report
first there was a significant tendency to supply longer estimates for the
news report itself (p < .001), the questionnaire (p < .001), and the
total duration (p = .021), but not for the song (p = .475).

2.2.3. Sum versus whole

As indicated earlier, participants overestimated two of the three
individual components (and showed no bias on the third) but under-
estimated the overall duration. Using log proportional error as the de-
pendent variable, participants underestimated how long the whole
study took (M = —0.069, SE = 0.014; t(380) = —5.06, p < .001,
d = —0.26), but the sum of their individual estimates overestimated
the duration, (M = 0.075, SE = 0.009; t(382) =8.63, p < .001,
d = 0.44). The difference between the sum of the estimates and the
overall duration was confirmed by a 2 (Sum v Whole) X 2 (Order)
mixed-model ANOVA, F(1,379) = 121.18, p < .001, npz = 0.242 (see
Fig. 2). The analysis also indicated an overall significant main effect of
order, F(1,379) = 13.55, p < .001, n,> = 0.035, with participants
providing longer estimates when hearing the news report first
(M = 0.037, SE=0.013) than when hearing the song first
(M = —0.030, SE = 0.013). The interaction was not significant, F
(1,379) = 0.142, p = .706, npz < 0.001. Even though the sum of par-
ticipants individual estimates was related to their overall estimate of
the whole task, r(380) = 0.375, p < .001, they were not equal.

2.3. Discussion

The original intent of the study, to examine in more detail the re-
lationship between time perception and musical training, was not rea-
lized. However, other interesting results emerged from this study. The
newscast elicited longer estimates of duration than did the song despite
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Bias in Summed and Overall Estimation of

Duration
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Fig. 2. Mean ( = 95% Confidence Interval) bias in estimated duration (log of
estimated duration/actual duration) for the total duration estimation and for
the sum of the tasks.

having similar overall durations. One possible explanation for this dif-
ference has to do with experience and feedback. Participants likely had
extensive exposure to songs and song duration because when they listen
to songs digitally the duration is clearly displayed. People tend to be
accurate in estimates for tasks where they have received frequent
feedback on timing (Tobin & Grondin, 2012; 2015), but inaccurate
when feedback has been absent (Bisson, Tobin, & Grondin, 2012; Tobin,
Bisson, & Grondin, 2010). In support of this exposure account, the song
was both the only stimuli to not show any effect of task order and to be
estimated accurately. Well-learned stimuli may be immune to manip-
ulations that shift bias in estimation. Whatever its origin, the over-
estimated duration for the newscast meant that the order of the tasks
mattered in terms of bias in individual and overall estimates found in
Study 1. When the newscast was first, subsequent estimates were more
likely to be in the same direction, with bias in the first estimate serving
as an anchor for subsequent estimation.

Additionally, participants' individual estimates did not add up to
their overall estimate. Even though the overall estimate occurred di-
rectly after the previous three estimates, the sum of the components did
not add up to the overall estimate. Participants indicate that, overall,
the individual parts lasted longer than the whole. This is even more
remarkable because the overall duration was longer than the individual
parts because it also included time spent on instructions between each
of the individual components. Neither the sum nor the whole appeared
to be preferable in that both were somewhat equally biased, only in
opposite directions.

Even though participants' estimate of the total was not equal to the
sum of the components, the total estimate was influenced by the esti-
mates given for the components. Bias in the first estimate transferred to
subsequent estimates, including the total. These results indicate that
any shift in bias due to unpacking may not have been due to processes
such as thinking more deeply about all the components of the task
(Tversky & Koehler, 1994), but simply because estimating duration for
one of the smaller components first leads to a shift in bias that was
transferred to the total. Shorter tasks tend to be overestimated while
longer tasks tend to be underestimated (Lejeune & Wearden, 2009; Roy
et al., 2013; Roy & Christenfeld, 2008; Tobin & Grondin, 2009; Yarmey,
2000). Starting by estimating the duration of one of the smaller com-
ponents of the task could lessen an overall tendency to underestimate
the total duration by shifting bias upward.

The results of Study 1 need to be interpreted with caution because
the study was not set up specifically to study anchoring, summing or
unpacking. As stated previously, the sum and the whole were of dif-
ferent durations because there was instruction time between each of the
components. Further, the whole estimate was given only after the
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components. To truly examine the full effects of unpacking, the total
duration estimate given after unpacking would need to be compared to
the total duration estimate given without unpacking.

3. Study 2

We conducted Study 2 to examine the phenomena found in Study 1
more directly and in greater detail, making three major changes to our
procedure. First, we limited stimuli to three science videos that varied
in duration. Previous research has found that shorter tasks tend to be
overestimated while longer tasks tend to be underestimated (Lejeune &
Wearden, 2009; Roy et al., 2013; Roy & Christenfeld, 2008; Tobin &
Grondin, 2009; Yarmey, 2000). Here, duration of the first video was
varied between short and long to measure the impact of bias of the
initial estimate on all subsequent estimates. Second, participants
viewed the three videos sequentially without interruption so that the
sum of the individual components was the same as the overall duration.
Finally, we varied the placement of the overall estimate so that it oc-
curred either before or after the estimates of the individual components,
allowing us to examine the effect of unpacking on the overall estimate
of duration.

3.1. Method

3.1.1. Participants

Fifty-four college students at a small liberal arts college in the
United States completed the study. Demographic information was not
collected. The Institutional Review Board approved the research and
participants provided informed consent prior to beginning the study.
Sample size was determined by the number of participants that signed
up for the study in return for course credit over the course of one se-
mester.

3.1.2. Procedure

Participants were told that they would be watching videos and then
answering questions about those videos after they were completed, but
were not told the nature of the questions that would be asked.
Participants watched three short science videos from the YouTube
channel SciShow (n.d.). The videos, on the influence of grapefruit juice
on medications (2 min 2 s; short), on how fingerprints form (2 min 52s;
medium), and on ancient grain wheat (3min 55s; long), varied in
duration from each other by approximately 1 min. Videos were pre-
sented either in the order of short, medium, long or long, medium,
short, with assignment to condition determined randomly.

Participants estimated the duration for each of the three videos and
the overall duration of all the videos combined (8 min 49 s). Estimates
for the individual videos were supplied in the order that they were
presented. Estimations for the total duration were given either before
the individual estimates or after the individual estimates, also de-
termined randomly. Overall, the study was a 2 x 2 design varying the
order of the videos and the placement of the overall estimate.

For each of the individual videos, participants also indicated how
much they liked the video (5-point scale), how familiar they were with
the video (3-point scale), and how much attention they paid to the
video (5-point scale).

3.2. Results

3.2.1. Descriptive statistics

Again, there was a tendency for estimates of duration to be posi-
tively skewed (and not normally distributed - Kolmogorov-Smirnov
test): grapefruit video skewness = 0.528 (D(53) = 0.131, p = .023);
fingerprint video skewness = 0.668 (D(54) = 0.119, p = .056); ancient
grain video skewness = 0.093 (D(54) = 0.094, p = .020); overall esti-
mate skewness = 0.786 (D(54) = 0.159, p = .002). In terms of median
duration, participants indicated that the grapefruit video lasted
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2.77 min (IQR = 1.13; actual duration 1.97 min), that the fingerprint
video lasted 3.17 min (IQR = 1.02; actual duration 2.87 min), that the
ancient grain video lasted 4.00min (IQR = 1.70; actual duration
3.92min), and that the whole task took 9.93 min (IQR = 2.63; actual
duration 8.82min). As indicated by a single sample t-test on log pro-
portional error (log of estimated/actual duration), participants sig-
nificantly overestimated the duration of the grapefruit video,
M = 0.129, SD = 0.137, t(52) = 6.86, p < .001, d = 0.941, and the
fingerprint video, M = 0.033, SD = 0.120, #(53) = 2.03, p = .047,
d = 0.275, but exhibited no significant bias for the grain video,
M = —0.018, SD = 0.130, t(53) = —1.01, p =.317, d = —0.137, or
for the overall estimate, M = 0.022, SD = 0.106, #(53) = 1.56,
p=.125 d = 0.212.

3.2.2. Anchoring

To examine the overall effect of video and estimation order, bias
(log proportional error) was examined in a 4 (estimate: short, medium,
long, overall) X 2 (order of videos: long first or short first) X 2 (overall
estimate placement: first or last) mixed-model ANOVA. Estimates were
influenced by the duration of the video, with shorter videos more likely
to be overestimated, F(3,147) = 37.89, p < .001, np2 = 0.436. As can
be seen in Fig. 3, post-hoc LSD tests indicate that bias was significantly
different between all individual estimates (ps < .001) except for be-
tween bias in the estimate for the medium (fingerprint) video and the
overall estimate (p = .420).

There was a main effect of total estimation placement, with shorter
overall estimates given when the total estimate came first (M = 0.005,
SE = 0.019) than when it came last (M = 0.079, SE = 0.020), F
(1,49) = 7.40, p = .009, npz = 0.131. The main effect of order — whe-
ther the short (grapefruit) video (M = 0.062, SE = 0.019) or the long
(ancient grain) video was first (M = 0.022, SE = 0.020) - was not sig-
nificant, F(1,49) = 2.17, p = .147, np2 = 0.042. However, there was a
significant interaction between the item being estimated and the order
of the videos with longer estimates more likely when the shorter video
came first for all estimates except for the wheat video, F(3,147) = 6.03,
p = .001, qu = 0.110 (see Fig. 3). All other interactions were not sig-
nificant (ps > .32, np2s < 0.03).

To further examine the interaction between the item being esti-
mated and the order of the videos, a series of 2 (order of videos: long
first or short first) X 2 (overall estimate placement: first or last)
ANOVAs were conducted examining bias for each individual estimate.
For the short (grapefruit) video, estimates were significantly longer
when the video was first (M = 0.170, SE = 0.024) than when the video
was last (M = 0.088, SE =0.026), F(1,49)=5.37, p =.025,

Effect of Order on Bias in Estimation
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Fig. 3. Mean ( = 95% Confidence Interval) bias in estimated duration (log of
estimated duration/actual duration) for all film clips.
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np2 = 0.099. Bias for the video was significantly less when the total
estimate was supplied first (M = 0.092, SE = 0.024) than when it was
given last (M = 0.166, SE = 0.025), F(1,49) =4.35, p =.042,
r]pz = 0.082. The interaction was not significant, F(1,49) = 0.99,
p = .324, n,> = 0.020.

For the medium (fingerprint) video, estimates were significantly
longer when the short video was first (M = 0.066, SE = 0.021) than
when the long video was first (M = —0.002, SE = 0.023), F
(1,49) = 4.65, p = .036, np2 = 0.085. When the total estimate was
given, first (M = 0.009, SE = 0.022) or last (M = 0.055, SE = 0.023),
did not significantly influence estimates for this video, F(1,49) = 2.03,
p =.160, n,>=0.039. The interaction was not significant, F
(1,49) = 0.12, p = .676, 1,2 = 0.004.

For the long (ancient grain) video order did not matter, with no
significant difference in estimates when it was viewed first
(M= —0.001, SE=0.025) than when it was viewed Ilast
(M = —0.028, SE = 0.023), F(1,50) = 0.64,p = .428, nP2 = 0.013. The
lack of difference due to order found here contrasts with the significant
effect of order found in the previous two videos and explains the sig-
nificant video type by order interaction found earlier. However, bias for
the video was significantly lower when the total estimate was given first
(M = —0.062, SE = 0.023) than when it was given last (M = 0.032,
SE = 0.025), F(1,50) = 7.70, p = .008, np2 = 0.133. The interaction
was not significant, F(1,50) = 0.23, p = .879, npz < 0.001.

For the overall total duration, order - short video first (M = 0.045,
SE = 0.018) or long video first (M = 0.001, SE = 0.020) - did not sig-
nificantly influence estimation of duration, F(1,50) = 2.62, p = .112,
r]p2 = 0.050. Indicating that unpacking influenced the overall duration,
bias for the total duration estimate was significantly lower when it was
given first (M = —0.017, SE = 0.018) than when it was given last
(M = 0.063, SE = 0.019), F(1,50) = 9.11, p = .004, npz = 0.154. The
interaction was not significant, F(1,50) = 0.46, p = .501, npz = 0.009.

3.2.3. Sum versus whole

Even though participants did not exhibit bias for their overall esti-
mate, the sum of their estimates significantly overestimated the actual
duration, M = 0.042, SD = 0.108, t(52) = 2.81, p = .007, d = 0.386.
As found in the previous study, the sum of the individual estimates did
not equal the overall estimate (see Fig. 4). As indicated by a 2 (sum v
whole) x 2 (order of videos: long first or short first) x 2 (overall esti-
mate: first or last) mixed model ANOVA, there was a significant dif-
ference in bias (log proportional error) for the sum of the estimates and
the overall estimate, F(1,49) =5.73, p =.021, npz = 0.105. Ad-
ditionally, both sum and overall estimates were influenced by when the
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Fig. 4. Mean ( = 95% Confidence Interval) bias in estimated duration (log of
estimated duration/actual duration) for the total duration estimation and for
the sum of the film clips.
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total estimate was given, F(1,49) = 8.407, p = .006, np2 = 0.146, with
overestimation for both more likely when the overall estimate was
given last (M = 0.070, SE = 0.019) than when it was given first
(M = —0.006, SE = 0.018). The main effect of order - short video first
(M = 0.050, SE = 0.018) or long video first (M = 0.014, SE = 0.019) -
was not significant, F(1,49) = 1.88, p = .176, npz = 0.037. All inter-
actions were not significant (ps > .48, npzs < 0.01).

3.2.4. Familiarity, liking, and attention

Participants exhibited a low level of familiarity for the videos: the
percentage of participants indicating that they were unfamiliar with the
video was 78% for the grapefruit video, 67% for the fingerprint video,
and 80% for the ancient grain video. The differences in familiarity for
the videos was significant with participants more familiar with the
fingerprint (medium) video (M = 1.47, SE = 0.099) than there were
with either the grapefruit (short) video (M = 1.23, SE = 0.064) or the
ancient grain (long) video (M = 1.21, SE = 0.056), F(2,104) = 8.74,
p < .001, np2 = 0.114. Self-ratings of liking and attention for the vi-
deos revealed a different pattern with lower overall ratings for the
ancient grain (long) video. Participants gave lower ratings of liking for
the ancient grain (long) video (M = 2.94, SE = 0.130) than they did for
either the grapefruit (short) video (M = 3.62, SE = 0.121) or the fin-
gerprint (medium) video (M = 3.76, SE = 0.100), F(2,104) = 17.23,
p < .001, n,® = 0.249. In addition, participants gave lower ratings of
attention spent on the video for the ancient grain video (M = 3.26,
SE = 0.121) than they did for either the grapefruit video (M = 3.87,
SE = 0.114) or the fingerprint video (M = 3.87, SE =0.093), F
(2,104) = 11.73, p < .001, 1,> = 0.184.

To examine whether differences in bias in estimation of duration
could be explained by differences in familiarity, liking and attention,
we performed a series of pairwise multiple regression analyses. First,
differences in bias, familiarity, liking and attention were computed for
each pair of videos (grapefruit and fingerprint; grapefruit and ancient
grain; fingerprint and ancient grain). Next, multiple regression was
used to determine if individual differences in change scores for famil-
iarity, liking, and attention could predict individual differences in
change scores for bias for estimated duration for each pair. Results
indicate no significance for the fingerprint and grapefruit videos, F
(3,52) = 0.829, p = .484, R? = 0.048, the ancient grain and grapefruit
videos, F(3,52) = 1.13,p = .345, R? = 0.065, and the ancient grain and
fingerprint videos, F(3,52) = 2.03, p = .122, R* = 0.108. Differences in
ratings for the videos did not predict differences in bias for the videos.
Further, within each video, bias in estimated duration was not pre-
dicted by familiarity, liking and attention for the grapefruit, F
(3,52) = 0.707, p =.552, R®=0.042, fingerprint, F(3,53) = 1.78,
p =.163, R? = 0.096, and ancient grain, F(3,53) = 2.66, p = .058,
R® = 0.138, videos.

3.3. Discussion

Replicating the findings of Study 1, an initial estimate of duration
tended to influence subsequent estimates of duration and the sum of the
estimates for individual components did not equal the overall estimated
duration. For the short and medium videos, starting the series with the
shorter video led to longer individual estimates. Whether the overall
estimate came first or last, the sum of participants individual estimates
did not add up to the overall estimates. The overall estimate placement
did matter: the overall estimate was shorter when given first than when
given last. In line with an anchoring account, when the overall estimate
was given first it also led to shorter individual estimates for the short
and the long videos. Results indicate that both order of presentation and
order of what is estimated can cause changes in initial bias, which then
transfers to later estimates. It should be noted that these anchors — the
specific video estimated and when the overall duration was given — did
not significantly influence all of the subsequent estimations. It is pos-
sible that certain tasks factors not measured here influenced the

Acta Psychologica 192 (2019) 153-162

likelihood of transferring bias from a previous estimate to that parti-
cular estimate. It is also possible that the lack of significant results for
some of the estimates was due to power issues. Even though not sig-
nificant, a number of the non-significant estimates were in the pre-
dicted direction. For these estimates, effects sizes were fairly small in-
dicating that a very large sample would be needed to detect differences.

Even though the pattern was similar, with longer individual esti-
mates linked with longer overall estimates, individual estimates did not
add up to the overall estimates in any of the conditions. Participants
appear to be good at maintaining the relative relationship of all the
estimates (including part to whole), but not the absolute relationship
(the parts did not add up to the whole).

The unpacking manipulation did lead to longer estimates of total
duration when compared to when the total duration estimate was
supplied before unpacking. It appears that the total duration, as with
the other individual estimates of duration, was influenced by bias in the
first estimate. By first estimating the duration of one of the shorter
components, estimation was shifted upward. In this case, there was
little bias in participants' original estimates for the total duration,
causing the unpacking manipulation to lead to increased bias in the
form of overestimation in the estimation of total duration.

Here we replicated previous research finding that shorter tasks are
more likely to be overestimated and longer tasks to be underestimated
(Lejeune & Wearden, 2009; Roy et al., 2013; Roy & Christenfeld, 2008;
Tobin & Grondin, 2009; Yarmey, 2000). In this case, the cutoff between
overestimation and underestimation was around 3.5 min for the science
videos. As with previous research, the cutoff between what is con-
sidered short and long is likely task dependent (Roy & Christenfeld,
2008; Yarmey, 2000). Because participants gave multiple estimations,
regression to the mean could explain the pattern of results found here
(Fraisse, 1963). Alternatively, the pattern of results could be due to
participants rounding to certain whole values such as 3 min (Forsyth &
Burt, 2008; Huttenlocher, Hedges, & Bradburn, 1990). In support, 22%
of responses in Study 2 were whole numbers (36% in Study 1 and 23%
in Study 2). Whatever the reason for the direction of the bias for the
first estimation given, that bias was then likely to be passed onto the
subsequent estimations.

4. Study 3

The goal for Study 3 was to examine the effects of manipulating bias
in the initial estimate before having participants make subsequent es-
timations. Specifically, we provided feedback about the actual duration
of an initial stimulus to examine whether correcting this bias would
affect subsequent estimations. Previous research has indicated that re-
ceiving a correct anchor can decrease bias and increase accuracy in
estimation of duration (Roy et al., 2008). Here, a portion of the parti-
cipants were told the correct duration of the first video clip before
making subsequent estimations.

4.1. Method

4.1.1. Participants

Fifty-nine college students (66% Female; Age M = 19.0, SD = 1.0)
at a small liberal arts college in the United States completed the study.
The Institutional Review Board approved the research and participants
provided informed consent prior to beginning the study. Again, sample
size was determined by number of participants that could be recruited
for class credit during a single semester.

4.1.2. Procedure and design

Participants were told that they would be watching videos and then
answering questions about those videos after they were completed, but
were not told the nature of the questions that would be asked.
Participants were randomly assigned to either the correct anchor sup-
plied or the anchor self-generated condition. Participants in the correct
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anchor supplied condition were told the duration of the first video
before estimating the duration of the next two videos whereas partici-
pants in the anchor self-generated condition estimated the duration of
the first video before supplying the other two estimates. All participants
first watched the medium duration video on how fingerprints form
(2.87 min). Next the participants watched the short video on the in-
fluence of grapefruit juice on medications (2.03 min) and the long video
on ancient grain wheat (3.92 min) with order of the two videos coun-
terbalanced. After all videos were finished, half of the participants es-
timated the duration of the first video on fingerprints while the other
half were supplied with the correct duration as an anchor. Participants
then estimated the duration for each of the two remaining videos and,
finally, the overall duration of all the videos combined (8.82 min). The
overall design was a 2 (correct anchor supplied vs. anchor self-gener-
ated) x 2 (short-long vs. long-short) between-subjects experiment.

For each of the videos, participants supplied ratings of liking, fa-
miliarity and attention. Finally, participants supplied demographic in-
formation on age and gender.

4.2. Results

4.2.1. Descriptive statistics

Consistent with previous studies, there was a tendency for estimates
of duration to be positively skewed (and not normally distributed -
Kolmogorov-Smirnov test): fingerprint video skewness = 0.336 (D
(30) = 0.117, p =.200); grapefruit video skewness=1.194 (D
(59) = 0.139, p =.006); ancient grain video skewness = 0.557 (D
(59) = 0.093, p =.200); overall estimate skewness = 0.993 (D
(59) = 0.205, p < .001). For participants that estimated the duration
of the fingerprint video, median estimated duration was 3.68 min
(IQR = 1.80; actual duration 2.87 min). For all participants combined,
median duration was 2.50 min (IQR = 1.75; actual duration 1.97 min)
for the grapefruit video, 3.67min (IQR = 1.88; actual duration
3.92 min) for the ancient grain video, and 9.92 min (IQR = 2.83; actual
duration 8.82 min) for the whole task. As indicated by a single sample t-
test on log proportional error (log of estimated/actual duration), par-
ticipants that estimated the duration for the fingerprint video,
M =0.099, SD=0.162, t(29) =3.23, p=.003, d=0.611, sig-
nificantly overestimated the duration. When all participants were taken
together, participants tended to overestimate the grapefruit video,
M = 0.063, SD = 0.279, t(58) = 1.74, p =.088, d = 0.226, under-
estimated the ancient grain video, M = —0.043, SD = 0.164, t
(58) = —2.03, p =.047, d = —0.265, and show little bias for the
overall estimate, M = 0.023, SD = 0.139, #(58) = 1.25, p = .215,
d = 0.165.

4.2.2. Anchoring

The tendency for participants in the anchor self-generated condition
to overestimate video duration transferred to the subsequent estimates
as indicated by a 3 (short, long, total) X 2 (correct anchor supplied or
anchor self-generated) x 2 (order of videos) mixed model ANOVA on
log proportional error. There was a significant main effect of anchoring
with shorter overall estimates by participants that received a correct
anchor (M = —0.033, SE = 0.030) than by participants that estimated
the anchor (M = 0.056, SE = 0.028; F(1,55) = 4.54, p =.038,
npz = 0.076). There was no effect of order - whether or not the medium
video was followed by the short or the long video, F(1,55) = 0.33,
p = .569, n,> = 0.006. As indicated by a main effect of video (shorter,
longer, total), direction of bias varied with overestimation for the
shorter video (M = 0.063, SE = 0.036) and total duration (M = 0.023,
SE = 0.017), but underestimation for the longer video (M = —0.043,
SE = 0.021; F(2,110) = 7.35, p =.001, npz = 0.118). Simple effects
indicate there was not a significant difference in bias for estimates of
the short video and the overall estimate (p = .209), but that both the
short and overall estimates differed significantly from bias in estimation
for the long video (ps < .005).
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Fig. 5. Mean ( = 95% Confidence Interval) bias in estimated duration (log of
estimated duration/actual duration) for all film clips.

As can be seen in Fig. 5, which reports the mean and 95% CI for the
three videos, supplying a correct anchor shifted the pattern of bias for
the three estimates. Exposure to the correct anchor eliminated the
overestimation tendency found in both the short estimate and the
overall estimate when the anchor was self-generated. However, sup-
plying a correct anchor did not eliminate bias overall. For the long
video, supplying a correct anchor caused participants to underestimate
the duration of the video in comparison to participants who showed no
bias when the anchor was self-generated.

4.2.3. Sum versus whole

To examine the difference between the sum of the estimates and the
whole estimate, estimates for all three videos were added together. For
participants in the correct anchor supplied condition, the actual dura-
tion for medium (fingerprint) video was used since they did not supply
an estimate. The 2 (sum v whole) X 2 (order of videos) X 2 (correct
anchor supplied v anchor self-generated) mixed model ANOVA in-
dicated that, unlike the previous two studies, there was no difference
between the sum of the estimates and the whole duration, F
(1,55) = 0.299, p = .586, n,> = 0.005. Only the effect of supplying the
correct anchoring was significant, F(1,55) = 8.23, p =.006,
n,> = 0.130: when the anchor was self-generated, participants tended
to overestimate both in terms of the sum of their estimates (M = 0.072,
SE = 0.027) and for their overall estimate (M = 0.087, SE = 0.028),
but when given a correct anchor, participants slightly underestimate
their sum (M = —0.028, SE = 0.014) and their overall estimate
(M = —0.028, SE = 0.017).

4.2.4. Familiarity, liking, and attention

Participants did not appear to be familiar with the videos: the per-
centage of participants indicating that they were unfamiliar with the
video was 67% for the fingerprint video, 83% for the grapefruit video,
and 81% for the ancient grain video. In comparing ratings for the
grapefruit (short) and ancient grain (long) videos, which were rated by
all participants, there were no differences in familiarity for the grape-
fruit video (M = 1.17, SE = 0.050) or the ancient grain (long) video
(M =1.20, SE = 0.059), F(1,55) =0.612, p = .437, npz = 0.011.
Again, participants gave lower ratings of liking for the ancient grain
(long) video (M = 2.90, SE = 0.116) than they did for the grapefruit
(short) video (M = 3.39, SE = 0.102), F(1,55) = 19.62, p < .001,
n,> = 0.263. Similarly, participants gave lower ratings of attention
spent on the video for the ancient grain video (M = 3.34, SE = 0.139)
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than they did for the grapefruit video (M = 3.85, SE = 0.102) F
(1,55) = 14.64, p < .001, n,% = 0.210.

As with the previous study, individual differences in liking and at-
tention for the videos did not appear to be related to individual dif-
ferences in bias for estimated duration for the videos. Multiple regres-
sion analysis for the pair of videos examining if differences in
familiarity, liking and attention could predict differences in bias for
estimated duration was not significant for the ancient grain and
grapefruit videos, F(3,58) = 2.05, p = .118, R? = 0.100. Similarly,
within condition, familiarity, liking and attention were not significant
predictors of bias for either the grapefruit, F(3,58) = 0.665, p = .158,
R%2=0.034, or the ancient grain, F(3,58) = 0.711, p = .550,
R* = 0.037, video.

4.3. Discussion

Results from this study indicate again that bias in the original es-
timate influenced bias in all subsequent estimates. Participants that
estimated the duration of the initial video on fingerprints tended to
overestimate the duration. Bias in the initial estimate was then trans-
ferred to subsequent estimates with these participants also over-
estimating the duration of the grapefruit video and the overall estimate.
Supplying a correct anchor removed overestimation for these two es-
timates. However, supplying participants with the correct duration of
the initial video caused them to underestimate the duration of the an-
cient grain video. Removing the tendency to overestimate for one video
increased the tendency to underestimate for another. Instead of redu-
cing bias for all subsequent estimations, supplying a correct anchor
simply shifted that pattern of bias found when no anchor was supplied.
To put another way, anchoring did remove the tendency for the total
duration estimate to be biased. It did so by shifting the overall pattern
of bias that followed.

Unlike the previous two studies, there was no difference found be-
tween the sum of the individual estimates and the overall estimate.
Even though the sample size is fairly small (as with Study 2), this does
not appear to be a power issues as the effect size was < 1%. It is pos-
sible that starting with the medium video shifted bias such that bias in
the overall estimate was now more similar to bias in the sum of the
individual estimates. In support, Study 2 found that bias for the medium
video was not significantly different from bias in the overall estimate. It
may be that starting with the medium video helped center the in-
dividual estimates so that they were more in line with the overall es-
timate.

5. General discussion

Results from three studies indicate that anchoring, unpacking and
summing influenced estimation for remembered task duration in a
manner similar to that found for predicted task duration (Roy et al.,
2005). Bias in the first estimation given served as an anchor for all
following estimates. Estimating individual components first (un-
packing) led to longer estimates of the overall duration. Additionally,
the summed separate estimates for a number of individual tasks differed
from the overall estimate of duration.

5.1. Anchoring

In all three studies, findings indicated that bias in the first estima-
tion influenced bias in all subsequent estimations. If participants greatly
overestimated the first task because it was very short (Study 2), then all
subsequent tasks were also more likely to be overestimated. The bias in
the first estimation given served as an anchor for all following esti-
mates. Note that in this way the effect of anchoring is qualitatively
different from that found in other anchoring studies in time estimation.
In the majority of studies examining anchoring in estimation of future
task duration, estimates were pushed up and down by the absolute
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value of the anchor with short anchors leading to underestimation and
long anchors leading to overestimation (Konig, 2005; Konig et al.,
2015. Thomas & Handley, 2008; Thomas et al., 2007; Thomas et al.,
2003). Here, in essence, the relationship was reversed. In Study 2,
starting estimation with the shortest of the clips led to an increased
likelihood of overestimation, likely because shorter tasks tend to be
overestimated (Lejeune & Wearden, 2009; Roy et al., 2013; Roy &
Christenfeld, 2008; Tobin & Grondin, 2009; Yarmey, 2000). Partici-
pants were aware of the relative duration of the stimuli — which were
shorter and which were longer — and in maintaining those relative re-
lationships applied the bias on the first estimate to subsequent esti-
mates.

In support, the results of Study 3 indicate that supplying a correct
anchor removed the tendency to overestimate the duration for the
shorter video and for the overall duration but increased the tendency to
underestimate for the longer video. Instead of correcting all following
estimates (e.g. Roy et al., 2008), the anchor appeared to shift the pat-
tern of bias, with some estimates improved but others impaired.

5.2. Unpacking and summing

Similar to studies on predicted task duration (Connolly & Dean,
1997; Hadjichristidis et al., 2014; Kruger & Evans, 2004; Liu et al.,
2014; Min & Arkes, 2012; Tsai & Zhao, 2011), unpacking caused an
increase in the estimated overall duration of the stimuli. In Study 2, half
the participants gave the overall estimation before estimating the in-
dividual components while the other half estimated the individual
components first. The tendency to overestimate was greatest when the
overall estimate was given after the individual estimates (unpacking
condition). Because estimates of the overall duration were fairly un-
biased when given without unpacking, unpacking increased bias in
overall duration with participants significantly overestimating how
long the videos lasted. The influence of individual estimates on the
overall estimate was reciprocal: giving the overall estimate first also
influenced the individual components resulting in shorter subsequent
estimates for the individual videos.

As with other research on the effect of summing (Forsyth & Burt,
2008; Tversky & Koehler, 1994; Van Boven & Epley, 2003), our results
indicated that the sum of the individual estimates did not always add up
to the overall estimate. The sum of the individual components was
longer than the overall estimate in Study 1 and shorter in Study 2. The
added individual components were no more accurate than the overall
duration estimate. What is remarkable about this study is that differ-
ence in sum and whole happened in a within-subjects design, unlike
previous research that was mostly between subjects. The incongruity
between sum and whole happened even though all estimates were given
in sequence.

These results indicate the potential mechanism that causes a shift in
estimation for both unpacking and summing. Both interventions require
participants to make a series of estimates. As had been speculated
(Hadjichristidis et al., 2014), it was the anchoring provided by the first
estimate that influenced the shift in both the individual estimates and
the whole duration estimate that came after. In both summing (Forsyth
& Burt, 2008) and unpacking (Connolly & Dean, 1997; Hadjichristidis
et al., 2014; Kruger & Evans, 2004; Liu et al., 2014; Min & Arkes, 2012;
Tsai & Zhao, 2011) the common result is for an increase in estimated
duration. This is likely because the shorter subcomponent that is esti-
mated first is more likely to be overestimated (Lejeune & Wearden,
2009; Roy et al., 2013; Roy & Christenfeld, 2008; Tobin & Grondin,
2009; Yarmey, 2000). The tendency for an initial estimate to be longer
is then passed on to all subsequent estimations, including the sum and
the whole.

5.3. Limitations

We found similar results using two different sets of stimuli and two
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different samples of participants. What was found through serendipity
in Study 1 was confirmed through purposeful, targeted research in
Studies 2 and 3. However, all studies employed individual tasks that
lasted a few minutes and were all similar in overall duration (ap-
proximately 2 to 4 min). It is possible that the manipulations used here
could have very different effects for tasks that last just a few seconds or
that take hours to complete. Further, all studies employed exactly three
component parts. Future research should vary both the duration and
number of the subcomponents. Finally, as noted in Studies 2 and 3,
larger sample sizes than those used here would allow for more detailed
examination of the factors manipulated in these studies.

Further research should also investigate in more detail the specific
instances where bias is likely for the stimuli that is estimated first. In
Study 1 we speculated that experience with the task could explain the
pattern of results, but this explanation should be directly tested in fu-
ture research. It would also be worthwhile to examine the impact of
regression (Fraisse, 1963) and rounding (Forsyth & Burt, 2008;
Huttenlocher et al., 1990) on bias when repeated estimates are given.

5.4. Summary

Results indicate that memory for past task duration can be easily
manipulated by the manner in which it is elicited and the structure of
what is to be estimated. None of the techniques examined here - an-
choring, unpacking and summing - led to consistently improved esti-
mates of duration for these studies. Rather, these techniques caused a
shift in bias that sometimes improved estimation but at other times
made it worse. It was dependent upon the starting point of original bias
in estimation to determine whether these interventions improved or
exacerbated bias in remembered duration. These results could have
important implications for a number of real-world settings where ret-
rospective estimations for duration are important such as witness tes-
timony about duration of a crime (Flowe, Mehta, & Ebbesen, 2011) and
billable hours spent on a task such as software development (Jorgensen,
2004). For example, in witness testimony remembered duration might
be important in establishing likelihood of events and alibis (Loftus,
Schooler, Boone, & Kline, 1987). Results here indicate that how the
memories are elicited could be important for juries to consider. Further,
given that estimations of future task duration are based on memories of
previous task duration (Roy et al., 2005, 2008; Roy & Christenfeld,
2007, 2008), how memories of past task duration are elicited could
influence the amount of time allocated for similar tasks in the future.
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Appendix A
Measures

Center for Epidemiologic Studies Depression Scale (CES-D;
Radloff, 1977). This 20-item self-report scale measures individual de-
pression using a 4-point Likert-type scale (0 = Rarely or None,
3 = Mostly or Always). Four statements within the scale indicate posi-
tive factors, rather than negative factors, with a total score one can
obtain between 0 and 60 points. The lower the score, the less symptoms
of depression indicated. Participants were asked to indicate how often
they had certain thought or feelings such as how often “I had crying
spells” or “I thought my life had been a failure”.

Ruminative Response Scale (RRS; Treynor et al., 2003). The 10-
item self-report subscale of the RRS identifies reflective rumination and
brooding rumination on a 5-point Likert scale (1 = almost never,
5 = almost always). Statements of reflective rumination include, how
often do you “go away by yourself and think about why you feel the
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way you do.” Statements of brooding rumination include, “how often
do you think, ‘what am I doing to deserve this?"”.

Uses of Music Inventory (UOM; Chamorro-Premuzic &
Furnham, 2003). This 15-item questionnaire identifies participant
motives for listening to music on a 5-point Likert-type scale
(1 = strongly disagree, 5 = strongly agree). Three subscales within the
survey identify emotional uses of music (e.g.: “listening to music really
affects my mood”), cognitive uses of music (e.g.: “I often enjoy ana-
lyzing complex musical compositions”), and background use of music
(e.g.: “I enjoy listening to music while I work”).

Musical Training Questionnaire. This questionnaire was created
to ask participants about specific musical training experiences. Years of
formal and informal training, and types of instruments played, were
recorded. Self-reports of how often participants listen to music, think
about music, use a metronome during practice, and play to other tracks
during practice were rated on a 5-point Likert-type scale (1 = not at all,
5 = most of the time). Listening to music for enjoyment, playing to music
for enjoyment, and a self-report of one's musical meter was rated on a 5-
point Likert-type scale (1 = completely disagree, 5 = completely agree).
Lastly, a self-report rating of overall musical ability was measured on a
10-point scale (1 = novice, 10 = expert).

Results

Multiple regression equations with CES, RRS, UOM, and musical
training used to predict bias in estimated duration were not significant
for the song, F(7,380) = 1.36, p = .222, R? = 0.025, the news clip, F
(7,380) = 1.44, p = .186, R%> = 0.026, or for the questionnaire, F
(7,380) = 1.69, p = .111, R? = 0.031. The overall regression equation
was significant for the total estimate, F(7,380) = 2.20, p = .034,
R? = 0.040, with the only significant individual predictor being that
participants who preferred to listen to music for cognitive reasons
(appreciating the complexity of the music) underestimated overall
duration, B = —0.112, p = .05. It is not clear why this one aspect of
music appreciation would be predictive of bias in estimation for the
total duration and not for any of the individual predictions, including
the song. It is possible that the relationship between bias in time esti-
mation and a more cognitive appreciation of music was simply a type I
error, but it is possible that a preference for complex music might in-
dicate thoughtfulness that could somehow translate into differences in
how duration is estimated.
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