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Future thinking is intimately linked with emotions, as projecting oneself into the future typically
involves a construction of positive situations that one strives to achieve or negative situations that
one seeks to avoid. Therefore, the current study evaluated eye movement during neutral, positive,
and negative future thinking. We invited participants to imagine neutral, past, and negative future
events while their scan path was recorded by an eye tracker. The analysis demonstrated more and
shorter fixations during positive and negative emotional thinking than during neutral future think-
ing. No statistically significant differences were observed between neutral and positive or negative
future thinking regarding the number, duration, or amplitude of the saccades. Comparisons be-
tween positive and negative future thinking demonstrated no significant differences on the char-
acteristics of fixations or saccades. Compared to neutral future thinking, emotional future thinking
may involve less complex visual representation. However, positive and negative future thinking

future thinking

may trigger similar processing of visual representations.

INTRODUCTION

Future thinking refers to the ability to imagine or simulate events
that might occur in the future (Schacter et al., 2017; Suddendorf,
2010). The amount of time we spend projecting ourselves into the
future is significant and far from trivial. During a typical day, young
adults experience, on average, around sixty thoughts about the future
(D'Argembeau et al., 2011). Moments spent on future thinking are not
without purpose. Future thinking in general helps to cope with the
vicissitudes of daily life (Killingsworth & Gilbert, 2010). From an adap-
tive perspective, future thinking serves to facilitate decision-making
processes by providing a virtual platform on which decisions can be
appraised, adjusted, and optimized, which improves the ability to deal
with everyday problems and, consequently, action planning (Berntsen
& Bohn, 2010; D'Argembeau et al., 2011; Stawarczyk & D'Argembeau,
2015; Suddendorf & Busby, 2005). Critically, future thinking is inti-
mately linked with emotional processing, as projecting oneself into the
future typically involves a construction of positive situations that one
strives to achieve or negative situations that one would rather avoid
(Barsics et al., 2016; D'Argembeau et al., 2011; D'Argembeau & Van
der Linden, 2012; El Haj, Antoine, et al., 2017). In this study, we in-
vestigated whether emotional future thinking may activate specific eye
movement. We conducted this study not only because there is a lack of

research on eye movement that may be triggered by emotional future

thinking, but, critically, to inquire whether eye movement can be used
as a behavioral index of emotional future thinking.

Both past and future thinking activates common neural correlates
comprising the medial temporal lobe, precuneus, inferior tempo-
ral gyrus, and the posterior cingulate cortex (Schacter et al., 2017).
Critically, future thinking activates areas in the prefrontal cortex, which
is involved in emotional regulation, and research has demonstrated
abnormality in prefrontal cortex activity during future thinking in
populations with emotional disturbances (Yang et al., 2019). When
projecting ourselves into the future, people tend to experience intense
emotional reactions, which, in turn, influence motivation, behavioral
intentions, and, ultimately, behavior (Baumgartner et al., 2008). Future
thinking can be even more emotionally evocative than past thinking
(Berntsen & Bohn, 2010; Finnbogadottir & Berntsen, 2013). Research
has demonstrated that future thinking triggers more positive and idyllic
vision than past thinking. This research fits with the assumption that
people without pathological conditions (e.g., people without depres-

sion), are optimistic about the future and tend to conceive of it in a
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favorable light (Sharot et al., 2007). Furthermore, compared with nega-
tive future thinking, positive future thinking is typically more frequent
and is imagined faster (D'Argembeau et al., 2011; Newby-Clark & Ross,
2003), triggers more sensory details, clearer representations of contex-
tual information, and more feelings of pre-experiencing (D'Argembeau
& Van der Linden, 2004; de Vito et al., 2015). Compared to negative
future thinking, positive future thinking also plays a central role in
maintaining self-image (Rasmussen & Berntsen, 2013).

In a comprehensive study on the characteristics and functions of
emotional future thinking, Barsics et al. (2016) invited participants to re-
cord and rate the characteristics of future thinking as occurring in daily
life, its emotional properties, and perceived functions. Results demon-
strated that emotional future thinking was frequent, occurred in vari-
ous contexts, and was perceived to fulfill functions such as goal pursuit
and emotion regulation. These functions also varied according to the
intensity of emotions, the personal importance of the imagined events,
as well as the amount of visual imagery as associated with these events.
The involvement of visual imagery in future thinking, as demonstrated
by Barsics et al. (2016), fits with the consideration that future thinking is
intimately linked with mental imagery (El Haj & Lenoble, 2018).

The involvement of mental imagery in future thinking has also
been highlighted by research on eye movement during future think-
ing. Eye movement during future thinking was evaluated by El Haj and
Lenoble (2018) who invited participants to imagine future events and
to retrieve past events while their scan path was recorded by an eye
tracker. Results demonstrated that future thinking triggered fewer fixa-
tions and saccade counts than past thinking. The authors attributed the
fixations and saccades, as observed during past and future thinking,
to mental imagery and, more specifically, to the attempt by the visual
system to find (through saccades) and activate (through fixations)
stored mental representations. While the study by El Haj and Lenoble
(2018) was the first to investigate eye movement during future think-
ing, it did not investigate the emotional characteristics of the imagined
events. However, another study has evaluated eye movement during
emotional past thinking by inviting participants to retrieve positive,
negative, and neutral memories while their scan path was recorded by
an eye tracker (El Haj, Nandrino, et al,, 2017). During retrieval, the
participants wore eye tracking glasses and faced a white wall. Results
demonstrated that emotional (i.e., positive and negative) memories
triggered more fixations and saccades. Fixation duration was also
shorter during retrieval of emotional memories than during retrieval
of neutral memories. No statistically significant differences were ob-
served between emotional and neutral memories for duration and am-
plitude of the saccades. Regarding comparisons between positive and
negative memories, they triggered a similar number of fixations and
saccades, similar fixation duration, similar duration of saccades, and
similar amplitude of saccades. These findings demonstrate similarities
between positive and negative memories on eye movement. Building
on these results, we investigated whether these similarities may also be
observed for positive and negative future thinking.

Taken together, and building on research demonstrating how fu-

ture thinking is intimately linked with emotional processes (Barsics et

al,, 2016; D'Argembeau et al., 2011; D'Argembeau & Van der Linden,
2004), we investigated eye movement during emotional future think-
ing. Our study was also motivated by research demonstrating how
specific eye movement can be observed during emotional past think-
ing (El Haj, Nandrino, et al.,, 2017) and general future thinking (EI Haj
& Lenoble, 2018). Importantly, prior research on eye movement dur-
ing future thinking (El Haj & Lenoble, 2018) was not concerned with
investigating emotional processes related to this kind of thinking. We
expected statistically significant differences in eye movement between
neutral and emotional future thinking, but not between positive and
negative future thinking. Our expectation was based on previous re-
search, demonstrating more fixations and saccades but shorter fixation
duration during retrieval of emotional than neutral memories, as well
similar number of fixations and saccades, fixation duration, duration of
saccades, and amplitude of saccades during the retrieval of positive and

negative memories (El Haj, Nandrino, et al., 2017).

METHOD

Participants

The study included forty-three undergraduate/graduate students at the
University of Nantes (23 females, M, , = 21.78 years, SD = 3.72, M, n
= 13.54 years, SD = 4.44). Informed consent was obtained in accord-
ance with the principles of the Helsinki Declaration. All participants
were native French speakers. To evaluate the participants’ cognitive
performance, we evaluated verbal episodic memory using the test by
Grober and Buschke (1987). In this test, participants were invited to re-
tain 16 words, each describing an item belonging to a different seman-
tic category. After a 20 s distraction phase, they were invited to retrieve
as many words as possible, the maximum score being 16 points. The
mean score of the participants was 12.45 (SD = 2.32).

Besides episodic memory, we evaluated working memory with
span tasks in which participants repeated a string of numbers in the
same (i.e., forward span) or reverse order (i.e., backward span). The
mean score of the participants was 7.11 (SD = 1.65) on the forward
span and 5.32 (SD = 1.23) on the backward span. Based on these re-
sults, we excluded four participants from the original sample (n = 58)
who performed 2 SDs below the expected range for their age on the
Grober and Buschke (1987) task, and one participant who performed
2 SDs below the expected range for his age on the backward span. We
also excluded three participants, as they declared history of neurologi-
cal/psychiatric disorders. We further excluded seven participants due
to difficulties with eye movement recording: two participants due to
difficulties with calibration, and five participants because of recording
quality below 70%. After applying these exclusion criteria, the final
sample was 43 participants. This final sample size was determined a
priori using G*Power (Faul et al., 2007). Calculation was conducted
for a repeated-measures analysis of variance (ANOVA) tests (three
within-subjects measurements: neutral future thinking condition,
positive future thinking condition, and negative future thinking condi-

tion), based on 95% power, an estimated probability of making Type I
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error as .05, and a medium effect size of 0.25 (Cohen, 1992). In the final
sample size, no significant differences were observed regarding gender,
X’ (1, N=43)=21,p=.64.

Procedure

Participants were invited to verbally construct one neutral future event,
one positive future event, and one negative future event. During re-
trieval, the participants wore eye tracking glasses and faced a white wall.
For each of the three future events, participants were asked verbally to
imagine an event that might reasonably occur in the future, regard-
less of whether it will occur in the near or distant future. Participants
were invited to be precise and specific, that is, the event had to last
no more than a day and details had to be provided (e.g., where the
event will occur, what they will do during it, who will be present, what
their feelings will be). An example of the future events, as imagined
by a participant is provided in the appendix. Each of the three future
events was cued by one of the following cues: “happy;” “sad,” and “city;”
as the latter cue may be considered a neutral cue (El Haj, Nandrino,
et al., 2017; Maki et al., 2013). The order of three cues (i.e., the order
of the three cued-future events) was randomly counterbalanced across
participants. Participants were allocated 2 min to describe each of the
three events and the duration was made clear so that the participants
could structure the events accordingly. Note that no statistically sig-
nificant differences were observed regarding the duration of retrieval
=69.22 sec, SD = 16.11,
= 64.32 sec,

across the three conditions, M

positive future thinking

=66.41 sec, SD = 10.02, M

neutral future thinking negative future thinking

SD =12.42, F(2,126) = 1.52, p = .022.

During future thinking, participants wore eye tracking glasses.
These glasses (Pupil Lab) were a remote pupil-tracking system that used
infrared illumination with a gaze position accuracy of < 0.1 ° and 200
Hz sampling rate. Recordings were processed with the Pupil Capture
software. Prior to each of the three conditions (i.e., neutral, positive,
and negative), calibration was made by inviting participants to fixate
on ablack cross (a 5 x 5 cm cross, printed on an A4 white paper fixated
at the wall center). The cross was retained as a single calibration point
(and was withdrawn after calibration). Participants were tested indi-
vidually and the experiment occurred in a quiet room at the psychol-
ogy department of the University of Nantes. Blinds were closed and the
brightness of the room (60-watt fluorescent lamp) was the same in the
two conditions to ensure that differences in eye movements were not
caused by differences in retinal illumination. Participants were seated
in front of a white wall and the distance between the subjects and wall
was approximately 30 to 50 cm. Participants were invited not to look
outside the wall, but were free to explore all parts of it. The wall dis-
played no visual stimuli (e.g., drawings, windows). Note that this wall
design was different from previous research on eye movement during
future thinking (El Haj & Lenoble, 2018) in which participants had
to construct future events while looking at a 21 in. screen. Unlike the
wall-based design, the screen-based one implies limited visual explo-
ration, as participants have to explore only the (space-limited) screen
which may significantly constraint the visual system. Regarding data

processing, and as clarified in the Participants section, we excluded

participants with poor recording quality. The recording quality consid-

ers bias such as looking away from the wall or loss of data.

Dependent Variables

In line with previous research (El Haj & Lenoble, 2018; Lenoble et
al., 2019), we calculated the number of fixations, fixation duration,
number of saccades, saccade duration, and total amplitude. Fixation
and saccade counts referred to the number of fixation or saccades per
minute. Note that we applied this ratio because future thinking of sev-
eral participants ended before the 2 min interval was over. Regarding
average fixation and saccade durations, these variables referred to the
mean duration of fixation/saccades in milliseconds. The total ampli-
tude size variable referred to the total angle covered by the saccades.
When extracting data, we excluded blinks and abnormal saccades (i.e.,

deviations of saccadic amplitude that exceeded 2 SD from the means).

Statistical Analysis

Each dependent variable (i.e., number of fixations, fixation duration,
number of saccades, saccade duration, total amplitude, and total dura-
tion of recording) was submitted to a repeated-measures ANOVA with
the condition (i.e., neutral, positive, and negative future thinking) as
a within-subject variable. Statistically significant ANOVAs were fol-
lowed up by f test pairwise comparisons. For t tests, we provided effect
sizes using Cohen’s d (Cohen, 1992): 0.20 = small, 0.50 = medium, 0.80

= large. For all tests, the level of significance was set as p < .05.

RESULTS

Regarding the number of fixations, the analysis showed a statisti-
cally significant effect of condition, F(2, 84) = 8.81, p < .001, n* = .17.
Pairwise comparisons showed fewer number of fixations during neu-
tral than during positive, #(42) = 3.74, p = .001, Cohen’s d = .69, and
negative future thinking, #(42) = 4.12, p < .001, Cohen’s d = .74. No
statistically significant differences were observed between positive and
negative future thinking, #(42) = .15, p = .81, Cohen’s d =.03. Regarding
the duration of fixations, the analysis showed a significant effect of con-
dition, F(2, 84) = 5.43, p = .006, n* = .12. Pairwise comparisons showed
longer fixations during neutral than during positive, #(42) = 2.64, p =
.011, Cohen’s d = .50, and negative future thinking, #(42) =2.43, p = .02,
Cohen’s d = .49. No statistically significant differences were observed
between positive and negative future thinking, #(42) = .34, p = .74,
Cohen’s d = .06. No statistically significant differences were observed
between the three conditions regarding the number of saccades, F(2,
84) = .86, p = .49, n* = .01, saccade duration F(2, 84) = .50, p = .61,n* =
.01, total amplitude, F(2, 84) = .40, p = .76, n* = .01, or total duration of
recording, F(2, 84) = .44, p = .68, 0> = .01.

DISCUSSION

We investigated eye movement during neutral, positive, and negative

future thinking. We found more and shorter fixations during positive
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]
TABLE 1.
Eye Movement Variations and Duration of Recording During Neutral, Positive, and Negative
Future Thinking
Neutral Positive Negative
Flf(atlon count per 58.02 (17.28) 79.56 (29.47) 80.65 (32.95)
min p=.001 p=.281
leatlon duration 725.02 (457.68) 505.13 (194.89) 522.33 (245.53)
in msec p=.011 p=.74
Eye SaFcade count per 62.53 (27.90) 69.42 (25.16) 66.53 (24.73)
movement min p=.11 p=.49

Duration of
saccades in msec p=.10
Amplitude of

saccades in degrees p=.61

Duration of recording in msec p=62

56.66 (27.54)

1580.25 (853.98)

82572.53 (27174.35)

53.10 (19.53) p= .33 58.59 (29.33)

1433.32 (643.32) 1549.91 (792.53)

p=235
80613';2_(36239 9035) 478612 (25533.62)

Note. Standard deviations are given between brackets; maximum duration of recording was 120 000 msec; the p values

are provided regarding comparisons with the next condition

and negative emotional thinking than during neutral future thinking.
No statistically significant differences were observed between neutral
and emotional future thinking or between positive and negative future
thinking regarding the number, duration, or amplitude of the saccades.

Regarding the comparison between neutral and emotional future
thinking, statistically significant differences were observed between
neutral and emotional future thinking for fixations but not for sac-
cades. More specifically, participants fixated longer when imagining
neutral than positive or negative future scenarios. Generally speaking,
the duration of fixations reflects the allocation of attention to a given
stimuli and stimulus complexity, at least as demonstrated by research
on visual perception (McConkie, 1983; Sperling & Weichselgartner,
1995). Furthermore, the duration of fixations has been widely con-
sidered as a measure of information processing (Zelinsky, 2013).
Therefore, short fixations during emotional future thinking may
mirror a mental visual exploration involving processing of a less
complex visual representation compared with neutral future thinking.
These short fixations may also mirror low narrative structure during
emotional thinking. The lack of statistical significance regarding the
number and duration of fixations between positive and negative future
thinking can be attributed to a similar mental visual representation
between these two conditions. More specifically, the lack of statistical
significance regarding the number and duration of fixations between
positive and negative future thinking can be attributed to a similar
activation of mental representations. This suggestion is based on the
assumption that saccades reflect the attempt by the visual system to
find (through saccades) and activate (through fixations) stored mental
representations (El Haj et al,, 2014).

Eye movement, as observed in our study, can be also attributed to
mental imagery. Generally speaking, eye movement during past and fu-
ture thinking has been attributed to mental imagery required to gener-
ate the visual scene of the constructed events (El Haj et al., 2014; El Haj,
Nandrino, et al., 2017; Lenoble et al., 2019). The involvement of mental

imagery in future thinking has been reported in research demonstrat-

ing how imagining future events, especially near compared with distant
ones, involves the generation of visual perspective such as seeing the
event through one’s own eyes (D'Argembeau & Van der Linden, 2004;
Hamilton & Cole, 2017; Macrae et al., 2015). Mental imagery involving
the construction of internal representations of sensory-perceptual in-
formation in the absence of external sensory input has been considered
as the main format of mental representations (Conway, 2009). Mental
imagery has the capacity to simulate not only the perceptual charac-
teristics, but also the subjective experience of future events, as if they
were real (Moulton & Kosslyn, 2009). Taken together, eye movement,
as observed during neutral and future thinking, can be attributed to the
attempt of the cognitive system to construct an internal representation
of the constructed sensory-perceptual information. This construction
may be less effortful for emotional than for neutral future thinking, as
shorter fixations were observed during emotional than neutral future
thinking. However, a similar level of mental imagery seems to be trig-
gered by positive and negative future thinking, as similar eye movement
activities were observed between the two emotional conditions in our
study. Alternatively, eye movement, as observed during neutral and
future thinking, can be attributed to other processes such as mental
effort, as emotional future thinking may involve more cognitive load
than neutral future thinking. Also, eye movement, as observed during
neutral and future thinking, can be attributed to changes in biochemis-
try that simply drive eye movement activity.

Our findings can be compared with those of previous research on
eye movement during emotional past thinking. Like our study, pre-
vious research has demonstrated some differences in eye movement
between neutral and emotional past thinking, but no differences be-
tween positive and negative thinking (El Haj, Nandrino, et al., 2017).
These findings demonstrate that both positive and negative past and
future thinking trigger similar eye movement activities. Interestingly,
these findings demonstrate striking similarities between past and
future thinking. Both rely on similar cognitive processes, such as the

ability to project oneself in time (Suddendorf, 2010; Tulving, 2002).
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Both abilities also emerge approximately at the same time of develop-
ment (Suddendorf, 2010) and decline in parallel among individuals
with acquired amnesia (Klein et al., 2002), depression (Williams et
al., 1996), schizophrenia (D'Argembeau et al., 2008) and Alzheimer’s
disease (Addis et al., 2009; El Haj et al., 2015a, 2015b). Past and future
thinking also activate a common neural basis, especially the medial
temporal lobes and the hippocampus (Addis et al., 2007; Hassabis et
al., 2007; Okuda et al., 2003; Race et al., 2011). Our findings extend this
literature by demonstrating that both positive and negative past and

future thinking trigger similar eye movement activities.

Limitations

One limitation of our study may be the assessment of only one event
for each emotional category as well as the assessment of only one cate-
gory of negative and positive emotions. It is quite possible, for instance,
that the findings would vary if we had used the cue “fear” rather than
“sad,” or “relief” rather than “happy.” Other potential limitations may
be the lack of assessment of the complexity of imagined scenarios or
the lack of assessment of temporal distance, as near and distant future
thinking may differ in terms of complexity of visual representation,
and consequently, in terms of eye movements.

However, and regardless of these potential limitations, our study
has important implications as it provides new behavioral insight into

emotional future thinking and emotion in general.

Venues for Future Research

Our study has several implications for future research on emotional
future thinking and emotion in general. For instance, it would be of
interest to examine whether retrieval can be characterized by long
saccades and short saccades in depression, such that patients with
depression may have difficulties in constructing/exploring the visual
scene during retrieval. Because negative future-oriented cognition, a
main feature of depression, is considered to be involved in the etiol-
ogy and maintenance of emotional disturbances in this psychiatric
condition (Beck et al., 1996), it would be of interest to assess whether
negative memories can be indexed by a specific pattern of eye move-
ment. Future research can also evaluate the relationship between eye
movement and emotion regulation strategies such as reappraisal and
expressive suppression (i.e., suppression of behavioral expression of
emotions) in the general population. Whereas reappraisal is associated
with efficient regulation and high self-esteem, expressive suppression
is associated with avoidance and inhibition of emotional expressivity
(Gross & John, 2003). It would be of interest to evaluate whether indi-
viduals with high reappraisal strategies tend to fixate more when telling

future scenarios to others.

Conclusion

In sum, prior research has been mainly concerned with cognitive and
clinical characteristics of future thinking. By evaluating eye movement
during future thinking, our study builds on prior research. Moreover, by

demonstrating how specific eye movement can be observed during neu-

tral and emotional future thinking, our study provides new behavioral in-

sight into the study of emotional future thinking and emotions in general.
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APPENDIX

An example of the future thinking, as imagined by a participant to the
cue “happy”:

“This summer I would like to travel for a couple of weeks to the Caribbean
islands...just after the exams....Perhaps next year as I should work and
earn some money to pay my travel...I can already imagine myself sitting
on a beautiful Caribbean beach...A quit beach with no crowds...I would
just like to smell the salty sea and listen as the waves lap the beach with
palm trees swaying in the wind...what else?... I am imagining seeing these

amazing waters with my own eyes....almost perfection. ..this would be my

happy place.”
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