Experimental Brain Research (2019) 237:1019-1029
https://doi.org/10.1007/500221-019-05485-3

RESEARCH ARTICLE q

Check for
updates

Field dependence-independence differently affects retrospective time
estimation and flicker-induced time dilation

Alice Teghil*3® . Maddalena Boccia>*® - Cecilia Guariglia'>

Received: 4 October 2018 / Accepted: 29 January 2019 / Published online: 7 February 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Field dependence—independence (FDI) is a stable dimension of individual functioning, transversal to different cognitive
domains. While the role of some individual variables in time perception has received considerable attention, it is not clear
whether and how FDI influences timing abilities. In this study, we tested the hypothesis that FDI differently affects timing
performance depending on whether the task requires cognitive restructuring. Participants were assessed for FDI using the
embedded figures test (EFT). They performed a prospective timing task, reproducing the duration of a flickering stimulus,
and a retrospective timing task, estimating the duration of the task. We expected performance of field-dependent (FD) and
field-independent (FI) individuals not to differ in the prospective task, since restructuring of task material is not needed to
reproduce the stimulus duration. Conversely, we predicted that FI individuals should be more accurate than FD ones in the
retrospective condition, involving restructuring skills. Results show that while both FD and FI individuals under-reproduced
the stimulus duration in the prospective task, only FD participants significantly underestimated the duration of the timing task
in the retrospective condition. These results suggest that differences across FD and FI individuals are apparent in timing only
when the task requires high-level cognitive processing; conversely, these differences do not affect basic sensory processing.

Keywords Time perception - Timing - Interval reproduction - Retrospective time estimation - Field dependence - Cognitive
style

Introduction

The experience of time is one of the most central and dis-
tinctive features of humans’ psychological life; indeed, the
feeling of the flowing of time is intrinsic to our mental pro-
cessing, and timing abilities are crucially involved in plan-
ning and performing actions towards the physical world.
Research on timing and time perception has grown
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considerably in recent years, leading to a better understand-
ing of how the brain perceives and processes time. Among
the different relevant lines of research, one important focus
of investigation concerns the role of individual differences
in timing; indeed, many studies have addressed the influence
of sociodemographic and psychometric variables on time
perception. Investigated variables include development
(Droit-Volet 2013), aging (Block et al. 1998; Turgeon et al.
2016), gender (Block et al. 2000; Hayashi et al. 2013),
expertise (Jantzen et al. 2014), general intelligence (Wearden
et al. 1997; Haldemann et al. 2011), but also personality
traits (Wittmann et al. 2011), and more broad dimensions of
individual variability such as field dependence—independ-
ence (FDI) (Silverman et al. 1961; Du Preez 1967; Phillips
1977; Davidson and House 1978). Though the influence of
FDI on cognitive functioning has received considerable
attention during the 1960s and 1970s, from the 1980s
onward a large part of research on FDI has focused on its
educational and instructional implications. However, recent
studies have highlighted the role of FDI in individual differ-
ences in complex cognitive processes (see, for example,
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Boccia et al. 2016, 2017a; Tascon et al. 2017), suggesting to
further explore the influence of this dimension in other cog-
nitive domains. FDI was defined by Witkin (1977) as “the
information processing style characterizing the way an indi-
vidual analyses the world, which is not affected by develop-
ment, experience or learning” (Witkin 1977). While field-
independent (FI) individuals usually rely upon an internal
frame of reference, thus being able to avoid the influence of
deceptive information coming from the external environ-
ment, field-dependent (FD) individuals tend to rely on an
external frame of reference, and thus they are more easily
mislead by environmental deceptive cues (Witkin 1977).
Though this difference was originally proposed with regard
to the perceptual processing domain, FDI has been shown to
represent a pervasive dimension of individual functioning
(Berry et al. 1986), being related to differences in interper-
sonal behavior and in real-life educational and vocational
choices (Witkin and Goodenough 1976a). Indeed, differ-
ences between FD and FI individuals have been reported in
different cognitive domains, such as perceptual concept for-
mation (Elkind et al. 1963), attentional functioning (Avolio
et al. 1981), working memory (Goode et al. 2002), as well
as, recently, in visuospatial processing and navigational
skills (Boccia et al. 2016, 2017a), and long-term memory
(Corson et al. 2009; Tascoén et al. 2017); however, the rela-
tion of FDI to timing and time perception abilities is still
unclear. Interestingly, in the early report by Silverman et al.
(1961), FD participants were found to be more prone to
under- or overestimate the duration of the experimental ses-
sion compared to FI participants, though the authors did not
provide information about the direction of the mean estima-
tion error in the two groups (Silverman et al. 1961). How-
ever, this study assessed timing in sensory deprivation con-
ditions, thus preventing the possibility to generalize results
to retrospective time estimation in more ecological contexts.
Following studies assessing the relationship of FDI to time
perception yielded to contrasting evidence. Du Preez (1967)
tested the hypothesis of a positive relationship between the
degree of FI and the ability to “disembed” information about
the duration of an interval from increasingly complex con-
texts. Participants interrupted the presentation of either an
auditory signal, a music piece, a light, or a picture, to match
the duration of a target interval (either defined by the same
auditory signal or music piece). Weak-to-moderate or no
correlations were found between measures of FDI and error
scores in reproducing target intervals (1, 2 and 16 s), with
no significant effect of content complexity, leading Du Preez
to conclude that more complex sensory contexts did not
embed temporal information to a greater extent than simpler
ones. In a similar vein, Davidson and House (1978) asked
FD and FI participants to reproduce 5 to 60-s intervals
marked by flashes. To verify whether timing performance of
FD individuals was more affected than that of FI participants

@ Springer

by variations in the surrounding field, the reproduction task
was performed under different environmental conditions
(slow ambient clicks, fast ambient clicks, no sound); no main
effect of FDI and no FDI by environmental condition inter-
action were observed (Davidson and House 1978). Finally,
Phillips (1977) assessed production of a 40-s interval in FI
and FD individuals while in standing, sitting and lying posi-
tion. The author hypothesized that mental activity should
increase in FD participants more than in FI ones when
changing from standing to sitting or lying positions, thus
leading to an overestimation (i.e., an under-production) of
time in the former compared to the latter group. No differ-
ences in produced durations were reported between FD and
FI individuals, in either position, or in comparing the differ-
ent postures. The author partly ascribed these results to pos-
sible methodological limitations in the FDI assessment pro-
cedure, and suggested that timing performance might be
affected by the lack of control on the availability of kines-
thetic cues and on vigilance levels while in lying position
(Phillips 1977). Overall, this literature has thus provided
contrasting evidence with regard to the influence of FDI on
time perception, probably due to differences in tasks, experi-
mental procedures, and research questions. On the one hand,
the Du Preez (1967) and Davidson and House (1978) studies
suggest that simply manipulating the sensory features of the
stimulus/context during a timing task is not particularly
effective in highlighting differences between FD and FI indi-
viduals. Similarly, Phillips (1977) provided evidence that
accuracy in producing a specific time duration is not strongly
affected by individual differences in processing kinesthetic
cues. On the other hand, Silverman et al. (1961) highlighted
differences between FD and FI individuals also manipulating
the timing context (i.e., creating a sensory-deprived environ-
ment); however, at variance with the abovementioned stud-
ies, perceived time was assessed retrospectively (Silverman
et al. 1961). In this vein, notably one variable that may have
affected the abovementioned results is the degree of cogni-
tive restructuring imposed by the specific timing task.
Indeed, Witkin (1977) originally suggested that individual
variability along the FDI continuum only affects tasks in
which cognitive restructuring is required, that is tasks in
which an individual has to act on the field, going beyond the
information provided (Witkin 1977; Witkin and Goode-
nough 1976b). Cognitive restructuring is assumed to be
involved in tasks in which the field lacks an inherent struc-
ture, in tasks requiring a re-organization of the material, and
in those in which an organized field has to be “broken” to
extract discrete elements (Witkin 1977). Typically, FI indi-
viduals show better restructuring abilities than FD ones,
since their internal frame of reference allows them to effec-
tively restructure the field when needed; conversely, perfor-
mance in tasks not requiring cognitive restructuring is
affected just weakly or not at all by differences in FDI
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(Witkin 1977). In line with these reports, Boccia et al.
(2017a, b) have recently shown that individual predisposi-
tion towards FDI does not generally affect navigational
skills, but rather modulates performance in navigational
tasks depending on whether cognitive restructuring pro-
cesses are involved. Indeed, the degree of FDI has been
found to predict the ability to create a map-like representa-
tion of the environment, a task requiring to re-organize the
navigational field to create an allocentric representation of
places and their spatial relations (Boccia et al. 2017a). Con-
versely, predisposition towards FDI does not apparently
affect navigational tasks in which restructuring is not
required, such as landmark recognition and ordering (Boccia
et al. 2017b).

One intriguing possibility is thus that individual pre-
disposition towards FDI differently affects timing perfor-
mance depending on whether the task involves cognitive
restructuring or not. Different types of timing paradigms
differ substantially in the degree to which complex cogni-
tive manipulations of the material are required to solve the
task. At one end of the continuum, many prospective timing
tasks require participants to decide which of two temporal
intervals is longer (duration discrimination), or to repro-
duce a duration presented earlier (duration reproduction).
In a typical duration reproduction task, participants encode
in working memory the duration of a reference stimulus at
the beginning of the trial; then, in the reproduction phase,
they make a response when they think that a second stimu-
lus has lasted as long as the reference one. In this kind of
paradigm, encoding the duration of the reference stimulus
and timing the duration of the comparison stimulus do not
require restructuring of temporal information, since informa-
tion is already structured and provided in the form needed to
perform the task. In other words, similarly to what happens
during landmark recognition or multiple-choice lexical tasks
(Boccia et al. 2017b; Elkind et al. 1963), in standard dura-
tion reproduction there is no need to reorganize or reinterpret
the material of the task, because information about duration
of the stimuli is easily available without the need of recon-
figuring or rearranging the inputs.

However, at the other end of the continuum, tasks requir-
ing a retrospective estimate of time likely involve cognitive
restructuring processes. Retrospective timing paradigms
usually require participants to estimate how long a task,
an event, or sometimes the whole experimental session has
lasted. In these paradigms, the estimate is typically provided
only one time at the end of the trial/experimental session,
and participants do not know in advance that they will be
asked to provide the judgment (Block and Zakay 1997,
Grondin and Laflamme 2015; Block and Gruber 2014). The
ability to retrospectively estimate time is generally thought
to depend on memory processes, possibly involving the
retrieval of contextual changes occurred during the period

which duration has to be estimated (Block 1990; Zakay et al.
1994). It has been proposed indeed that temporal features
of events, together with temporal relations between events,
are encoded as parts of memories for the events themselves
(Block 1990); retrospective time estimation should thus be
the result of cognitive construction processes (Zakay and
Block 2004), likely entailing the restructuring of memories
of occurred events to extract their temporal features. In this
type of task, indeed, information about the duration and tem-
poral attributes of events is not explicitly encoded and thus
immediately available, but rather it has to be actively recon-
structed through the re-arrangement of event memories.

In this vein, in the present study we aimed at assess-
ing whether individual variability along the FDI dimen-
sion selectively affects timing performance when cognitive
restructuring is required. To this aim, we used the embed-
ded figures test (EFT) (Witkin et al. 1971) to assess indi-
vidual predisposition towards FDI in a sample of healthy
participants. We also developed a prospective temporal
reproduction task, requiring to reproduce the duration of
a previously presented stimulus, and assessed participants’
retrospective estimation of task duration. Since temporal
reproduction does not entail high restructuring demands,
we expected that performances of FD and FI individuals
should not differ significantly in this task. Conversely, we
predicted that retrospective timing performance would differ
between FD and FI participants, being FI individuals more
efficient in extracting temporal information from memory,
and thus being able to estimate elapsed time with higher
accuracy than FD participants. In other words, since having
higher restructuring skills should provide an advantage in
re-organizing encoded memories of events according to their
temporal features, we expected that estimates provided by FI
participants should deviate from actual durations less than
those provided by FD participants.

Materials and methods
Participants

40 healthy participants (mean age 26.17, SD=3.51; 20
females) took part in the study. None of the participants
had a history of neurological or psychiatric disease, which
was confirmed during an informal interview carried out
before the test phase. All participants were right-handed
and had normal or corrected-to-normal vision. The study
was designed in accordance with the principles of the Dec-
laration of Helsinki and was approved by the ethical com-
mittee of Fondazione Santa Lucia, Rome. Informed consent
was obtained from all individual participants included in
the study.
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Assessment of FDI

Predisposition towards FDI is classically assessed through
tasks requiring to locate simple geometric shapes embedded
in more complex configurations (Witkin et al. 1971). FI indi-
viduals are typically able to ignore contextual information
and outperform FD individuals (which are more affected
by the contextual organization of the figure) in locating the
simple shapes. In this study, participants were assessed for
FDI using the embedded figures test (EFT) (Witkin et al.
1971). Test material consists in two sets of 12.9X 7.7 cm
cards, on which simple shapes (8 cards) and complex figures
(12 cards) are printed. The task requires participants to find a
simple shape within a more complex configuration, trying to
locate the simple shape as quickly as possible. On each trial,
the examiner shows the participant one complex figure for
15 s, then he/she hides the card and shows one of the simple
shapes for 10 s. After this time has elapsed, the experimenter
removes the simple shape, and presents the complex figure
again. For each item, the time required to correctly locate the
simple shape is written down and converted in seconds; if
the participant is unable to correctly locate the simple shape
within 3 min, the item is scored as wrong and it is given a
score of 180 s. Individuals’ score corresponds to the over-
all average solution time for the 12 test trials. Thus, lower
EFT scores correspond to greater predisposition towards FI,
whereas higher EFT scores are indicative of stronger predis-
position towards FD.

Prospective temporal reproduction task

A computerized task was developed to assess participants’
prospective temporal reproduction performance. We pre-
sented a green (RGB 0/1/0) asterisk, flickering at the center
of a black background. Participants were instructed to repro-
duce the duration of the asterisk. A single trial started with
the presentation of a fixation cross, lasting 1000 ms, at the
center of the screen. Next, in the encoding phase, the stimu-
lus was presented for either 4200, 5600, 7000, 8400, 9800 or
11,200 ms. Right after the encoding phase, the starting of the
reproduction phase was marked by the presentation of the
word “Reproduce” at the center of the screen, for 1000 ms.
Then, the stimulus was presented again, and participants
were instructed to interrupt its presentation by a spacebar
press when they thought the same time as the encoding phase
was elapsed. In the encoding phase, the stimulus flickered
at a fixed frequency of 1.43 Hz. In the reproduction phase,
the flickering frequency of the stimulus was either 0.87, 1,
1.18,1.43, 1.8, 2.5 or 4 Hz. Each duration was presented 12
times, for a total of 72 trials. In half of the trials, the flicker-
ing frequency of the stimulus in the reproduction phase was
the same as in the encoding phase (1.43 Hz). To prevent
participants from relying on the number of flickering cycles
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to perform the task, in the remaining 36 trials the flicker-
ing frequency of the stimulus in the reproduction phase was
varied between 0.87, 1, 1.18, 1.8, 2.5 or 4 Hz (catch trials).
Thus, each duration was presented six times with a flickering
frequency fixed between encoding and reproduction phase
(experimental trials), and six times with a flickering fre-
quency different between encoding and reproduction phase
(one trial for each different frequency used in the reproduc-
tion phase). The order of catch and experimental trials was
randomized across participants as follows: 4 lists of 72 trials
were created and divided in 2 blocks of 36 trials. Rand-
omization lists, as well as the presentation order of the two
blocks within each randomization list, were counterbalanced
across participants. Prior to the experimental task, all par-
ticipants went into a short familiarization session (six trials)
with the same structure of the task. In the familiarization
session, the stimulus was presented for either 3600, 4500,
5400, 6300, 7200 or 8100 ms; the flickering frequency was
fixed at 2.2 Hz in the encoding phase, and varied between
1.11 Hz, 2.2 Hz, 3.33 Hz, and 5 Hz in the reproduction phase
(three trials with same and three trials with different flicker-
ing frequency between encoding and reproduction). Stimuli
were generated and presented on a laptop using the Cogent
Toolbox (Cogent, http://www.vislab.ucl.ac.uk/Cogent/) for
MATLAB (Mathworks).

Retrospective time estimation task

To assess participants’ retrospective time estimation abil-
ity, a retrospective duration estimate was requested two
times during the experimental session. After completion
of each of the two blocks of the temporal reproduction
task, the experimenter asked the question: “How long do
you think this computerized task has lasted?”. Thus, each
participant underwent two retrospective time estimation
trials. The experimenter took note of the participant’s ver-
bal estimates, and registered the total clock time provided
by the Cogent MATLAB script at the end of each block.

Procedure

Participants performed the EFT, the temporal reproduc-
tion task and the retrospective time estimation task in a
single session, lasting ~ 1 h. They were tested individually
in a quiet, well-lit room. No clock was available during
the experimental session and participants wearing a watch
were asked to remove it at the beginning of the session.
The administration order of the EFT and of the two blocks
of the temporal reproduction task was counterbalanced
across participants.
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Results

Statistical analyses were performed using SPSS (IBM SPSS
Statistics 24). Participants were divided into FI and FD using
a median-split of EFT scores (averaged solution times).
Thus, participants with lower scores than the median (31.12)
were classified as FI, while participants whose scores were
higher than the median were classified as FD. A Chi-square
test revealed that the proportion of females and males was
not significantly different in the FI and FD groups (y*>=1.6,
p=0.206). Also, females and males did not differ in aver-
aged solution times (#(38)=1.819; p=0.077, two-tailed).
Mean age of participants was not significantly different
in the FI (mean=25.6, SD=2.58) and FD (mean=26.75,
SD =4.23) groups (¢ (38)=—1.04, p=0.306, two tailed).

Prospective temporal reproduction task

The mean reproduced duration in the experimental trials
(i.e., both encoding and reproduction 1.43 Hz condition)
was calculated for each target duration (3600, 4500, 5400,
6300, 7200, 8100 ms). Analyses were then performed on
mean reproduced durations, on the variability (SD) of
reproduced durations, and on the degree of deviation of
reproduced durations from target durations (standardized
error, calculated as reproduced duration — target duration/
target duration). None of the abovementioned indices was
found to be affected by Gender differences, thus this factor
was excluded from further analyses (results of analyses on
Gender effects are provided in Supplementary Materials).
An ANOVA on mean reproduced duration was performed
with Group (FD vs. FI) as between-subject factor and
Interval Duration (3600, 4500, 5400, 6300, 7200, 8100 ms)
as within-subject factor. Mauchly’s test was used to test
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Fig. 1 Results of the prospective temporal reproduction task. a
Mean reproduced duration (ms) for each target duration in the field-
dependent (FD) and field-independent (FI) group (error bars rep-
resent standard errors). Significant differences are marked with an
asterisk. b Mean standard deviation of reproduced duration for each
target duration in the field-dependent (FD) and field-independent (FI)
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sphericity for repeated measures; when a departure from
sphericity was detected we adopted a Greenhouse—Geis-
ser’s correction. We found a significant main effect of
Interval Duration (F(3.286, 124.886) =1050.735,
p<0.001, né: 0.965), but no significant effect of Group
(F(1,38)=0.615, p=0.438, ;7; =0.016) or Interval Dura-
tion X Group interaction (F(3.286, 124.886)=2.19,
p=0.087, ;15 =0.054). The different target durations were
thus discriminated effectively by participants in both the
FD and FI group (Fig. 1a). We also performed an ANOVA
on the SD of reproduced durations (Fig. 1b), with Group
(2) and Interval Duration (6). Mauchly’s test was used to
test sphericity for repeated measures; when a departure
from sphericity was detected we adopted a Green-
house—Geisser’s correction. The ANOVA showed a sig-
nificant effect of Interval Duration (F(3.813,
144.844)=7.549, p <0.001, 715: 0.166), and no effect of
Group (F(1, 38)=0.003, p=0.956, 115 <0.001) or Interval
Duration x Group interaction (F(3.813, 144.844)=1.165,
p=0.328, '7; =0.030). Thus, the variability of reproduction
times increased with target duration in both the FD and the
FI groups. Finally, we performed an ANOVA on standard-
ized errors, with Group as between-subjects factor and
Interval Duration as within-subjects factor. We found no
significant effect of Duration (F(5, 190)=2.141, p=0.062,
ng =0.053), Group (F(1, 38)=0.188, p=0.667,
11]? =0.005), or Interval Duration X Group interaction (F(5,
190)=1.641, p=0.151, n§=0.041). As shown in Fig. Ic,
all durations were under-reproduced, with a comparable
degree of under-reproduction across the FD and the FI
groups; in both groups, the degree of deviation from the
target durations was significantly different from zero (all
t>—2.838, with p <0.01, two-tailed).
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group (error bars represent standard errors). Significant differences
are marked with an asterisk. ¢ Mean standardized error of reproduced
duration for each target duration in the field-dependent (FD) and
field-independent (FI) group (error bars represent standard errors).
Significant differences are marked with an asterisk
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Retrospective time estimation task

We compared actual and estimated durations of the two
blocks of the temporal reproduction task, as well as the
ratios of estimated-to-actual durations, between FD and FI
individuals. Similarly to the temporal reproduction task,
no significant Gender difference was found in these meas-
ures, and thus this factor was not further considered in
subsequent analyses (results of analyses on Gender are
reported in Supplementary Materials). We first compared
the mean actual duration of the two blocks of the temporal
reproduction task across the FD and FI groups. Due to
technical issues during data collection, this information
was not available for one FI participant in both blocks, and
for one FD participant in the second block; thus, the fol-
lowing analyses were performed on 38 participants. The
mean actual duration in the FD group was 870.25 (72.5) s
for the first performed block, and 849.26 (38.3) s for the
second block. In the FI group, the mean duration of the
first and the second block was, respectively, 874.89
(127.01) and 847.56 (46.5) s. An ANOVA with Group (FD
vs. FI) as between-subject factor and Block (First, Second)
as within-subject factor showed no significant effect of
Group (F(1, 36)=0.006, p=0.938, n§< 0.001), Block
(F(1,36)=1.919, p=0.175, 11§=0.051), or their interac-
tion (F(1, 36)=0.033, p=0.857, n§=0.001). Thus, the
mean duration of the reproduction task was comparable
across the two blocks and across the FD and FI groups.
The same ANOVA was then performed on verbal estimates
of the duration of the two task blocks. We found no sig-
nificant effect of Block (F(1, 36)=0.178, p=0.675,
11§= 0.005), and Block X Group interaction (F(1,
36)=0.004, p=0.952, 115 <0.001); however, the main
effect of Group was significant (F(1, 36)=5.918,
p=0.020, ’1§= 0.141), with verbal estimates provided by
participants in the FD group being significantly shorter
than those provided by participants in the FI group. T tests
comparing actual and estimated durations of the two
blocks in the two groups showed that verbal estimates of
FD participants were significantly different from actual
durations (first block: #(18)=2.238, p=0.038, two-tailed;
second block: #(18)=2.691, p=0.015, two-tailed), while
verbal estimates of FI participants were not (first block:
t(18)=-1.100, p=0.286, two-tailed; second block:
1(18)=—-0.935, p=0.362, two-tailed). We then performed
an ANOVA on the ratio of estimated-to-actual durations
for the two blocks, with the factors Group (FD vs. FI) and
Block (First, Second). We found a significant effect of
Group (F(1, 36)=5.817, p=0.021, ’7;2> =0.139), and no
significant effect of Block (F(1, 36) <0.001, p =0.982,
’15 <0.001) or Block x Group (F(1, 36) <0.001, p=0.985,
115 <0.001), showing that the ratio of estimated-to-actual
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durations was different between FD and FI groups. Indeed,
the estimated/actual duration ratio was significantly differ-
ent from 1 for both blocks in the FD group (z- test for the
first block: #(19) =—2.207, p =0.040, two-tailed; ¢ test for
the second block: #(18) =—2.654, p=0.016, two-tailed),
but not in the FI group (¢ test for the first block:
1(18)=1.233, p=0.233, two-tailed; ¢ test for the second
block: #(18)=0.950, p =0.354, two-tailed), showing that
only FD participants provided estimates of elapsed time
significantly different (shorter) than actual durations.

It is worth noting that, since a retrospective estimate of
elapsed time was required twice (see “Materials and meth-
ods”), participants probably became aware of the need to pay
attention to time after providing the first estimate. Since the
first trial provides a more reliable measure of time estimation
in retrospective conditions, we repeated analyses focusing
on the retrospective duration estimate of the first block of
the reproduction task only. Mean actual duration of the first
block of the temporal reproduction task did not differ across
FD (872.83 s, SD=71.51) and FI individuals (874.89 s,
SD=127.01) (#(37)=0.063, p=0.950, two-tailed). Con-
versely, verbal estimates provided by FD participants
were significantly shorter (711.00 s, SD=308.577) than
those provided by FI participants (966.32 s, SD=345.193)
(¢(37)=2.438, p=0.020, two-tailed). Mean estimated
block duration was significantly different from actual dura-
tion in FD (#(19) =—2.245, p=0.037, two-tailed) but not
in FI participants (#(18)=1.100, p=0.286, two-tailed).
Figure 2a shows the mean estimated duration of the task
block in the FD and FI groups. The estimated/actual dura-
tion ratio was significantly different between the two groups,
(#(37)=2.384, p=0.022, two-tailed), being different from
1 in the FD group (#(19) =—2.207, p=0.040, two-tailed),
but not in the FI group (#(18)=1.233, p=0.233, two-tailed)
(Fig. 2b).

Correlation between FDI and timing measures

To investigate whether there was a relation between the
degree of FDI and the degree of under/over estimation of
durations in the prospective and the retrospective timing
tasks, we performed two-tailed Spearman’s correlations
between EFT scores, mean standardized errors of prospec-
tively reproduced durations, and estimated/actual duration
ratio scores in the first trial of the retrospective task, across
the whole sample of participants. No significant correla-
tion was observed between EFT scores and prospective
timing measures, or between prospective and retrospec-
tive measures of time perception. However, we found a
significant negative correlation between EFT scores and
estimated/actual duration ratio scores in the retrospective
task (ry=—0.319 p=0.048, two-tailed), suggesting that
higher EFT scores (i.e., a stronger predisposition towards
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Fig.2 Results of the retrospective time estimation task. a Estimated
duration of the first block of the temporal reproduction task in the
field-dependent (FD) and field-independent (FI) group. b Estimated/
actual duration ratio for the first block of the reproduction task in the

FD) correspond to a disposition to underestimate elapsed
time (Fig. 2c).

Discussion

Here we tested the hypothesis that individual predisposi-
tion towards FDI differently affects timing depending on
whether the task at hand requires cognitive restructuring.
To this aim, we assessed FDI in a sample of healthy partici-
pants using the EFT. Participants also performed two timing
tasks, namely a prospective temporal reproduction task, in
which they reproduced a target duration presented imme-
diately before the reproduction phase, and a retrospective
time estimation task, in which they judged the duration of
the reproduction task right after completion. We will first
discuss results of the temporal reproduction task.
Performance in the temporal reproduction task was found
not to differ significantly between FD and FI participants;
indeed, mean reproduced durations and variability of repro-
duced durations were comparable across the FD and FI
groups, increasing with target durations in both groups. The
analysis of the degree of deviation of reproduced durations
from target durations (standardized error) showed that par-
ticipants in both groups significantly under-reproduced target
durations. It is interesting to note that perceived durations
in this task may have been affected by the visual features of
the presented stimuli. Literature suggests that the apparent
duration of visual stimuli may be influenced by a number of
variables, including those related to movement and tempo-
ral frequency (Lhamon and Goldstone 1975; Brown 1995;
Plomp et al. 2012). Flickering stimuli, in particular, have

field-dependent (FD) and field-independent (FI) group (error bars
represent standard errors). Significant differences are marked with an
asterisk. ¢ Correlation between EFT scores and estimated/actual dura-
tion ratio for the first block of the temporal reproduction task

been shown to be perceived as longer than static stimuli
with the same physical duration (time dilation effect) (Kanai
et al. 2006; Lhamon and Goldstone 1975; Herbst et al. 2013,
2015). Since the stimulus to be reproduced in our task was
a flickering asterisk, the under-reproduction of durations in
the present study likely reflects a flicker-induced dilation of
perceived stimulus duration. Though the discussion of neural
mechanisms involved in flicker-induced temporal illusions
is beyond the scopes of the present work, the under-repro-
duction of target durations observed in the present study
notably occurred to the same degree in the FD and in the FI
group. The finding that this effect seems to be little affected
by a dimension of individual variability in high-level cogni-
tive functioning such as FDI is thus in line with the body of
literature suggesting that temporal illusions of this sort may
be the result of relatively automatic sensory-level processes
(Johnston et al. 2006; Kaneko and Murakami 2009; Linares
and Gorea 2015; Okajima and Yotsumoto 2016; Hashimoto
and Yostumoto 2018).

At difference with the temporal reproduction task, the ret-
rospective time estimation task highlighted some remarkable
differences across performance in the FD and the FI groups.
Indeed, though the duration to be estimated was not different
across FD and FI participants, FD individuals as a group
significantly underestimated the duration of the task. This
effect was not present in the FI group, in which retrospective
estimate of the block duration did not significantly differ
from its actual duration. Analysis of the estimated/actual
duration ratio of retrospective estimates further revealed that
the degree to which the estimates deviated from actual dura-
tions was significantly different from one in the FD group
only. Results of the retrospective time estimation task thus
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show that, while FI individuals as a group provided overall
accurate estimates of elapsed block time, FD ones were less
accurate, significantly underestimating the elapsed time.
Also, EFT scores were found to be negatively correlated
with estimated-to-actual duration ratio scores in the retro-
spective task, further suggesting that FD participants tend to
underestimate elapsed time. This latter result should be taken
cautiously due to the relatively small sample size for correla-
tion; however, since the degree of FDI as assessed through
the EFT is a continuous measure, correlation analyses allow
to better characterize the relation between predisposition
towards FDI and retrospective time estimation. The finding
of superior retrospective timing abilities in the FI compared
to the FD group is thus in line with our predictions, and fits
well with the hypothesis that this advantage results from
having higher cognitive restructuring skills. One key feature
in retrospective time judgments is that the individual is not
aware of the importance of paying attention to time until he/
she is asked to provide the judgment. Since elapsing time
is unattended during the task, retrospective time estimation
is thus generally thought to involve memory mechanisms
(Michon 1972; Block 1974; Block and Zakay 1997; Grondin
and Laflamme 2015). As mentioned in “Introduction”, one
of the most influential theories on retrospective timing—
namely the “contextual-change model” (Block 1978, 1990;
Block and Reed 1978; Zakay et al. 1994; Zakay and Block
2004; Block and Gruber 2014)—posits that retrospective
judgments of time are based on a cognitive reconstruction
involving the retrieval of contextual changes occurred dur-
ing the interval which duration has to be estimated; thus, the
more contextual changes are retrieved, the longer the time
period is judged (Block 1990). Contextual information of
this sort includes changes in cognitive, emotional as well
as environmental context, and it is coded largely automati-
cally together with other features of event memories (Block
1990; Zakay and Block 2004); the retrospective estimation
of a time interval is thus basically accomplished through
episodic remembering processes (Zakay and Block 2004). In
this vein, the present results may be explained assuming that
FD participants encoded and/or retrieved a lower number
of contextual changes compared to FI ones. Notably, this
interpretation suggests that FD participants, compared to FI
ones, recollected a smaller number of memories of events
occurred during the temporal reproduction task. Literature
on the relation between FDI and long-term memory perfor-
mance seem to suggest that FD individuals perform worse
than FI ones in free-recall tasks when the items to be recalled
lack an intrinsic organization (Goodenough 1975; Spiro and
Tirre 1980); however, to the best of our knowledge, episodic
recollection abilities have not been investigated in the con-
text of individual differences in FDI. Interestingly, using a
Deese—Roediger—McDermott paradigm, Corson et al. (2009)
found that FI participants were less likely than FD ones to
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recall “critical lures”, suggesting that their resistance to
memory distortions may be due to the tendency to separate
the studied words from their activated context (Corson et al.
2009). One intriguing possibility is thus that the advantage
reported by FI participants in our retrospective time estima-
tion task reflects not as much an accurate recollection of the
number of occurred events, but rather a superior proficiency
in extracting contextual and/or temporal information from
the surrounding context within events memories. In this
vein, the higher cognitive restructuring skills of FI partici-
pants may have allowed them to restructure recollected event
memories to separate relevant contextual and temporal infor-
mation from other, irrelevant information encoded within a
memory trace. Notably, Brunec et al. (2017) have recently
shown that temporal features concerning duration of events
can be encoded incidentally within event memories, and that
the ability to access these temporal features is dependent
on the recollection of events themselves. This report is in
line with suggestions that retrospective time estimation cor-
relates with “Remember” responses in a Remember/Know
paradigm (El Haj et al. 2013). Though participants of both
the FD and FI groups were most likely able to recollect
memories of internal and external events occurred during
the to-be-estimated interval, it is thus possible that cognitive
restructuring skills characterizing FI individuals have pro-
vided them of a specific advantage in flexibly selecting and
reorganizing relevant (temporal and not temporal) details of
event memories.

Overall, present results support the hypothesis that FDI
differentially affects timing performance depending on
whether cognitive restructuring skills are involved; FD and
FI participants did not differ for either length, variability or
degree of deviation of their time estimates when the task at
hand did not require complex processing of material, and
temporal information could be simply inferred at a sensory-
processing level. Conversely, differences between FD and FI
participants in timing performance became apparent when
the task required to go beyond information provided, restruc-
turing this information to extract its temporal meaning. The
finding that FDI does not affect timing abilities in general,
but rather interacts with the degree of cognitive restructuring
required by the task in explaining individual differences in
timing performance, may help understanding the somehow
inconclusive results on the relation between FDI and time
perception provided by previous literature. On the one hand,
our results fit well with those by Silverman et al. (1961). In
this vein, it is conceivable that participants in the Silverman
et al. study were forced to rely mainly on internal (intero-
ceptive, emotional etc.) contextual and temporal cues in
order to retrospectively estimate the duration of the experi-
mental session; however, the report of higher accuracy in
FI participants is in line with the hypothesis that this kind
of task requires restructuring recollected event memories,
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be them of internal of external events. On the other hand,
present results are also consistent with those of the Du Preez
(1967) and the Davidson and House (1978) studies; indeed,
assuming that differences in FDI affect timing only when
cognitive restructuring is required, there is no evidence that
changing the type of material defining a temporal interval or
varying ambient conditions in which the task is performed
forces the individual to restructure the context. Similarly, no
complex manipulation and/or reorganization of task mate-
rial was required in the Phillips (1977) study, since interval
production basically involves the translation of a specifically
labeled time interval into a subjective duration (Mioni et al.
2014).

There is one important caveat to our results. It is common
opinion that the main feature of retrospective timing tasks
is that participants must be unaware of the need to track
the passage of time (Grondin and Laflamme 2015; Block
and Gruber 2014; Block and Zakay 1997; Matthews and
Meck 2016), because once they know that time is a concern,
the task becomes prospective in nature (Block and Zakay
1997; Tobin et al. 2010). In the present study, the interval
to be retrospectively estimated was filled with a timing task
(prospective temporal reproduction), and thus participants
were arguably attending to time since the beginning of the
experimental session. However, we believe that this does not
invalidate our retrospective timing results. Indeed, though it
may be true that participants were attending to time, judg-
ments of long durations are unlikely to simply result from
adding together durations of individual events (Droit-Volet
et al. 2018), and it is implausible to our opinion that partici-
pants were able to create an estimate of a ~ 15 min duration
based on their cumulative experience of the time elapsed
during each of the 75 temporal reproduction trials.

Another limitation of the present study is that a single
FDI measure—i.e., the EFT score—was used. Assessing
FDI through different tests would improve the reliability of
the classification of participants as either FD or FI. In this
vein, classification of individuals in the two groups may pos-
sibly have benefited from including an FDI test not strongly
relying on visuo-constructive skills, such as the body-
adjustment test (BAT) (Witkin 1949). However, we find it
unlikely that retrospective timing differences we highlighted
may be artifactually related to the specific kind of FDI test
employed. Indeed, since our retrospective time estimation
task did not involve any visual or spatial component, the
more accurate estimates provided by participants classified
as FI are unlikely to simply arise from their better visual dis-
embedding skills. A more plausible explanation is thus that
differences between FD and FI participants in retrospective
time estimation reflect differences along a more high-level
dimension of variability, such as cognitive restructuring.
Supporting this interpretation, previous studies in which no
differences were found between FD and FI individuals also

assessed FDI through tasks other than the EFT, e.g., the
rod and frame test (RFT) (Du Preez 1967; Phillips 1977).
Finally, our retrospective timing results are consistent with
those of Silverman et al. (1961), which assessed FDI through
both the Draw-A-Person test scored by the Short Scale of
Body vs. Field Orientation, and the RFT (Silverman et al.
1961). Thus, we believe that our results are indicative of
actual differences in retrospective time estimation between
participants having higher or lower cognitive restructur-
ing skills, rather than being biased by the type of FDI test
employed.

Though present results are consistent with the hypoth-
esis that differences between FD and FI individuals may
be specifically observed in time perception when the tasks
involve cognitive restructuring, it has to be noted that our
experimental design does not completely allow to rule out
alternative explanations. In this vein, one possibility is that
the observed difference between FD and FI participants is
specific to retrospective vs. prospective timing paradigms.
Results from the comparison between the first and the sec-
ond retrospective timing estimate, however, come out against
such a possibility. If our findings were solely driven by the
fact that duration information was intentionally encoded
during one task, but not during the other, no differences
should have been highlighted between groups in the second
retrospective time estimation trial, since participants likely
anticipated being asked again about duration of the task. The
finding of a similar pattern in the two time estimation trials
suggests that the key variable in determining whether there
will be differences in timing between FD and FI individu-
als is not simply the prospective vs. retrospective nature of
the task. Similarly, another drawback of our study is that
two different methods, i.e., reproduction and verbal estima-
tion, were used to probe time perception in the low vs. high
restructuring condition. A replication on these results using
the same method across the two conditions would be advis-
able to allow drawing stronger conclusions on differences
between FD and FI individuals.

Conclusions

Taken together, our results suggest that the influence of a
dimension of high-level cognitive variability such as FDI
on time perception depends on the type of timing task at
hand, with more sensory-grounded tasks being unaffected
by variations along this dimension, and more complex tasks
involving cognitive restructuring of information revealing
differences in performance according to the degree of FDI.
Further studies will be needed to clarify whether the differ-
ential influence of FDI on timing performance in prospec-
tive vs. retrospective conditions can be generalized to other
kinds of prospective and retrospective timing paradigms, or
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it depends more strictly on the particular features of the tim-
ing task at hand. In this vein, an interesting extension to the
present results should be probing performance of FD and
FI individuals in more closely matched prospective and ret-
rospective conditions (see, for example, Brown and Stubbs
1988; Grondin and Plourde 2007; Tobin et al. 2010), allow-
ing to integrate the present study to better characterize the
influence of individual variables on time perception.
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