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Abstract
The present study examined how time perspective is associated with working memory updating and cognitive switching.
Additionally, stress states and mood as potential mediators of the relationship between time perspective and cognitive perfor-
mance were analysed. During two sessions participants (n = 200) completed a set of questionnaires measuring time perspective,
task-related stress states, and mood. Moreover, in two separate sessions they performed working memory updating and switching
tasks. The results indicated that two time perspectives, i.e. Present Fatalism and Past Positive, were associated with updating.
Furthermore, mediation analysis showed that positive mood accounted for these relationships. Specifically, Present Fatalism was
correlated with low positive mood and in turn, worse working memory scores, whereas Past Positive was associated with high
positive mood leading to better performance on the working memory task. None of the time perspective dimensions correlated
with cognitive switching. These findings shed more light on the cognitive consequences of timeframe bias and suggest new
approaches in research on time perspective and cognitive functioning.
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Introduction

Cognitive aspects of psychological time have been widely
studied in various contexts, such as the perception of the pas-
sage of time and the estimation of duration (Matthews and
Meck 2016; Wearden et al. 2014). Recently, with growing
interest time perspective has come to be understood more as
an aspect of personality (Zimbardo and Boyd 1999) and a link
to cognitive functioning has been observed (Witowska and
Zajenkowski 2018; Zajenkowski et al. 2015, 2016a, b). One
of the important findings in this area is the association be-
tween certain time perspective dimensions and executive con-
trol (Witowska and Zajenkowski 2018; Zajenkowski et al.
2016b). However, previous studies have focused solely on
inhibition, while executive control is a broader construct
(Diamond 2013). The aim of the current study is to examine

further the relationship between time perspective and execu-
tive functioning. Specifically, we were interested in working
memory (updating) and switching.

Time Perspective

The concept of time perspective (TP), originally proposed by
Zimbardo and Boyd (1999), has recently been explored in a
number of studies and contexts (see Kostić and Chadee 2017;
Stolarski et al. 2015). Time perspective has been defined as an
‘often nonconscious process whereby the continual flow of
personal and social experiences is assigned to temporal cate-
gories, or time frames, that help to give order, coherence, and
meaning to those events’ (Zimbardo and Boyd 1999, p. 1271).
In other words, our thoughts, emotions and experiences are
usually located in the past, the present or the future. For in-
stance, when we recall a memory, we focus on the past; when
we form an expectation, we concentrate on the future.
Although TP has been defined as a process, people may man-
ifest a tendency to concentrate on a particular time horizon and
thus TP may be treated as a disposition (Zimbardo and Boyd
1999). In its original conceptualization (Zimbardo and Boyd
1999) and subsequent developments of TP theory (Carelli
et al. 2011), six time perspectives have been distinguished:
Past Positive, Past Negative, Present Hedonism, Present
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Fatalistic, Future Negative, and Future Positive. Each TP is
associated with specific psychological correlates and real-life
outcomes (Kostić and Chadee 2017; Stolarski et al. 2015).
Past Positive is characterized by positive perception and ac-
ceptance of past events, sentimentality, and attachment to tra-
ditions and rituals (Zimbardo and Boyd 1999). In contrast,
Past Negative TP reflects a negative and antagonistic view
of past events. Present Hedonism is associated with a tenden-
cy to concentrate on pleasant activities and immediate gratifi-
cation without thinking about future consequences. Present
Fatalism reflects the belief that life is ruled by luck and faith
and is therefore hopeless, unpredictable, and unstable. Future
Positive encompasses the motivation to achieve goals and
success, whereas Future Negative reflects worry and anxiety
about future events and a perception of the future as a threat.

According to TP theory (Zimbardo and Boyd 1999), indi-
viduals tend to automatically concentrate on specific time per-
spectives. However, researchers have identified an ideal time
perspective profile, i.e. balanced time perspective (BTP) that
is regarded as the most adaptive (Boniwell and Zimbardo
2004). Balanced time perspective is understood as the ability
to switch between time dimensions in response to the require-
ments and demands of the environment (Boniwell and
Zimbardo 2004).

The theoretical characteristics of TP suggests its potential
connection with cognitive functioning (Boniwell and
Zimbardo 2004; Zimbardo and Boyd 1999). Indeed, it has
already been shown that some TPs, as well as BTP, rely on
cognitive resources such as fluid intelligence and executive
control (Witowska and Zajenkowski 2018; Zajenkowski
et al. 2016a, b). The general conclusion from these investiga-
tions is that two TP dimensions are systematically linked to
poorer cognitive performance: Past Negative and Present
Fatalism. These TPs were found to be negatively associated
with fluid intelligence (Zajenkowski et al. 2016a) as well as
tasks measuring cognitive inhibition (Witowska and
Zajenkowski 2018). Moreover, these studies revealed that
specific state experiences associated with cognitive perfor-
mance mediated these relationships. Specifically, Present
Fatalism was linked to low task engagement, Past Negative
to high distress in the context of cognitive task performance
(Witowska and Zajenkowski 2018; Zajenkowski et al. 2016a).
Furthermore, BTP was correlated with high levels of fluid
intelligence and inhibition (Zajenkowski et al. 2016a, b). It
has been suggested that fluid ability and inhibitory control
allow individuals to be less biased toward a particular time
zone, especially maladaptive ones such as Past Negative and
Present Fatalism (Zajenkowski et al. 2016b).

Previous studies have shown executive control to be a cru-
cial factor in some TPs. However, in these studies executive
control was examined only in the context of cognitive inhibi-
tion. Executive control is a wide construct encompassing both
working memory and switching. As we show below, the latter

two functions might also be relevant for the processes under-
lying TP, i.e. assigning experience to a particular time frame.

Updating and Switching and their Non-cognitive
Correlates

Executive control is defined as the ability to override automat-
ic reactions and achieve adopted goals (Diamond 2013). In the
most popular approach, executive control comprises three re-
lated but discrete processes: inhibition, switching, and work-
ing memory updating (Friedman and Miyake 2017; Miyake
et al. 2000). These processes are believed to be helpful in
challenging everyday problems, adapting to novel situations,
and resisting temptation (Unger and Karbach 2017). Indeed,
executive control is a strong predictor of a number of real-life
outcomes, e.g. weight loss (Lawrence et al. 2015), academic
achievement (Best et al. 2011), quality of life (Brown and
Landgraf 2010; Davis et al. 2010), job success (Bailey
2007), and even the success of soccer players (Vestberg
et al. 2012).

In the current investigation we were interested in two ex-
ecutive functions, i.e. working memory (WM) updating and
switching. Updating is an ability that allows one to actively
hold and mentally manipulate information in one’s working
memory while shielding it from distraction (Baddeley 2007).
In other words, it allows maintenance of relevant information,
while removing irrelevant details (Morris and Jones 1990).
Working memory updating plays a crucial role in reordering
important and unimportant items and connecting different
ideas or facts (Diamond 2013). Updating involves the tempo-
ral sequencing and monitoring of information, tagging it as
either old or new, important or unimportant, depending on the
current situation (Miyake et al. 2000). In research on working
memory, two kinds of tasks are mainly used, i.e. the span task
and the n-back task. The crucial point is that these two types of
tasks are weakly correlated and probably reflect different pro-
cesses of WM (Redick and Lindsey 2013). Span tasks are
typically used to measure working memory capacity and re-
quire information to be kept in mind in the face of distraction
(Unsworth and Engle 2005), whereas n-back tasks capture
working memory updating and require the constant refreshing
of information (Kane et al. 2007). In the current study, the
process of updating is investigated as part of the executive
control concept (Miyake et al. 2000).

Switching is defined as the ability to switch between tasks
or mental sets, the cognitive flexibility necessary in tasks with
quickly changing rules or requiring different perspectives to
be taken (Miyake et al. 2000).Measures of switching typically
present participants with three situations: a task (A) with one
instruction, followed by a task (B) with another instruction,
followed by a taskwith two instructions (switching between A
and B). In the switching task, two types of costs can be mea-
sured: first, mixing costs, which reflect the difference between
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performance (accuracy and time reaction) in a pure block (one
task only) and a mixed block (switching between tasks); and
second, switching costs, which reflect the difference between
non-switch trials and switch trials within a mixed block (see,
Philipp et al. 2008; Rogers and Monsell 1995).

Updating and switching have been linked to personality
traits (Avisar and Shalev 2011; Jensen-Campbell et al.
2002), as well as affect (Gabel and McAuley 2018; Martin
and Kerns 2011; Walters and Hines-Martin 2018). For in-
stance, in a review of studies on mood and executive
control, Mitchell and Phillips (2007) concluded that positive
mood increases performance in switching/cognitive flexibility
tasks but only in situations where new information is present-
ed, whereas working memory can be impaired by positive
mood. They also concluded that negative affect has less influ-
ence on executive functions. However, recent empirical stud-
ies concerning affective states and these executive functions
provide rather ambiguous findings. For example, in several
studies high negative affect weakened working memory
updating (n-back tasks; Brose et al. 2012; Gray 2001;
Shackman et al. 2006). Moreover, there is also evidence that
specific affect, i.e. anxiety, impairs WM capacity (span task;
Derakshan and Eysenck 1998; Eysenck et al. 2005).
Furthermore, Riediger et al. (2011) showed that the associa-
tion between everyday mood and working memory capacity
may be curvilinear. Specifically, they found that low-intensity
positive and negative affect slightly enhanced working mem-
ory, while high-intensity positive and negative affect impaired
workingmemory performance particularly when both positive
and negative affect were high.

Research findings also show confusion with respect to pos-
itive mood and WM. For instance, Martin and Kerns (2011)
found that positive mood (experimentally induced) impaired
WM capacity, whereas other studies have indicated that pos-
itive affect improves WM (n-back, Gray 2001; span task,
Yang et al. 2013). Other researchers have suggested that do-
pamine level may be responsible (mediate) for the beneficial
role of positive mood on WM performance (Ashby et al.
1999); specifically, that dopamine increases positive affect
and that its projection into the prefrontal cortex facilitates
working memory.

Studies of task switching and mood are rather rare.
Generally, they consistently show positive affect to improve
cognitive flexibility (Isen 2008; Yang and Yang 2014). For
instance, the study conducted by Yang and Yang (2014) indi-
cated that induced positive affect was beneficial for switching
costs but not mixing costs. The finding that positive mood
lowers switching costs was further supported by an experi-
mental study using neuroscience methods and a dopamine
explanation, as in the case of WM (Wang et al. 2017).

Although the aforementioned findings and literature re-
views (e.g. Walters and Hines-Martin 2018) show inconsis-
tencies across studies, one can attempt to draw out some

general conclusions on the links between updating, switching,
and affect. First, most studies of WM show that negative
mood has no effect or hinders WM, whereas positive mood
enhances it. Likewise, in the case of switching, positive mood
enhances cognitive flexibility whereas negative mood has no
effect or impairs it (Dreisbach and Goschke 2004; Wang et al.
2017). The lack of clear conclusions from studies of mood and
executive control may be associated with the fact that the
studies reviewed used different conceptualizations of WM
(updating or capacity) and different study designs (everyday
experienced vs. experimentally induced mood). Another pos-
sibility is that positive and negative mood are not extremes of
a continuum, but rather independent factors influencing cog-
nitive performance simultaneously. For instance, a person
could be not very happy, but, at the same time, not necessarily
be sad. Similar proposition has been put forward in relation to
motivation and affect (Maio and Esses 2001). Specifically, it
has been found that approach and avoidance motivation to
affect are at least somewhat distinct.

The Current Study

In the current study we aimed to further examine associations
between executive control and TP. Specifically, we focused on
the link between TP and updating and switching, as well as the
role that affective states may play in this relationship. We
believe that there are theoretical and empirical reasons to link
TP with updating and switching. Time perspective seems to
require cognitive resources associated with memory updating,
e.g. establishing mental representations of events and
encoding them in the specified time frame, as well as
switching, i.e. activating an adequate time perspective in re-
sponse to changing conditions (Boniwell and Zimbardo 2004;
Zimbardo and Boyd 1999).Moreover, on the basis of previous
research on time perspective, cognitive processes, and their
correlates, below we postulate more specific associations be-
tween TPs, balanced TP, and updating and switching.

First, we expected that two time perspectives, Past
Negative and Present Fatalism, would be associated with low-
er WM updating and switching (H1). Previous studies have
shown that these two TPs are systematically correlated with
poorer cognitive functioning (Witowska and Zajenkowski
2018; Zajenkowski et al. 2016a, 2016b). Both TPs are strong-
ly associated with negative emotionality, e.g. anxiety, neurot-
icism, and negativemood (Stolarski et al. 2014; Zimbardo and
Boyd 1999), which may weaken task performance
(Derakshan and Eysenck 1998; Gray 2001; Shackman et al.
2006). Thus we expected that negative mood would mediate
the link between these TPs and updating and switching (H2).

However, a deeper analysis of the relationship between
Past Negative, Present Fatalism, and cognition has revealed
some differences between these TPs. Specifically, in some
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investigations the multi-dimensional model of subjective
stress state related to cognitive performance proposed by
Matthews et al. (2002) was used. In this model, three broad
factors are distinguished: task engagement (interest in a task,
high energy, motivation, and concentration), distress (tension,
negative mood, and lack of confidence), and worry (negative
thoughts, self-focused attention, low self-esteem, and cogni-
tive interference). It has been found that Past Negative is cor-
related with high distress, which mediates its association with
fluid intelligence and executive control (Witowska and
Zajenkowski 2018; Zajenkowski et al. 2016a). In the case of
Present Fatalism it is task engagement (low) and worry that
mediate the cognitive performance of fatalists. Given these
associations, we expected that distress would mediate the link
between Past Negative TP and executive control (updating
and switching; H3), whereas worry and task engagement
would mediate Present Fatalism’s association with executive
control (H4).

Past Negative and Present Fatalism aside, previous studies
have found no correlation between the remaining TPs and
cognition (Witowska and Zajenkowski 2018; Zajenkowski
et al. 2016a). It should be acknowledged, though, that Past
Positive and Future Positive have been linked to higher levels
of positive affect (Stolarski et al. 2014) and lower stress states
in response to cognitive performance (Witowska and
Zajenkowski 2018).

Finally, switching andWMupdating seem to defy the char-
acteristics of balanced TP. Balanced time perspective has been
defined as Bthe mental ability to switch effectively between
TPs depending on task features, situational considerations,
and personal resources, rather than be biased toward a specific
TP that is not adaptive across situations^ (Zimbardo and Boyd
1999, p.1285). It is possible that domain-specific Btemporal
switching^ may rely on general switching resources.
Furthermore, it has previously been suggested that WM plays
a crucial role in activating the controlled system as opposed to
the automatic system (e.g. Barrett et al. 2004), which may lead
to the more appropriate rather than biased activation of a spe-
cific TP. Indeed, previous studies suggest that balanced TP
may be associated with higher cognitive abilities.
Specifically, balanced TP has been found to be correlated with
higher inhibition and fluid intelligence (Zajenkowski et al.
2016a, b). Moreover, the states experienced during perfor-
mance mediated these relationships: more balanced individ-
uals experienced lower stress while solving cognitive tests,
which in turn resulted in their higher scores. Taking into ac-
count the theoretical and empirical characteristics of BTP, we
hypothesized that BTP would be associated with higher exec-
utive control including working memory updating and
switching (H5). Furthermore, we expected that (low) stress
states would mediate these relationships (H6).

In the current study we tested the associations between time
perspective, WM updating, and cognitive switching.
Additionally, we controlled for state responses to these tasks,
as previous research has indicated that they may play an im-
portant role in the TP-cognition link. Specifically, we assessed
participants’ task-related stress states as postulated in the
aforementioned Matthews et al.’s (2002) model, i.e. task en-
gagement, distress, and worry. Moreover, we measured mood
experienced before the task using a three-dimensional model
distinguishing energetic arousal (contrasting vigor with fa-
tigue), tense arousal (nervousness vs. relaxation), and hedonic
tone (pleasantness vs. unhappiness; Matthews et al. 1990).

Method

Participants

A total of 200 participants took part in the study (100 females
and 100 males). One (female) participant was excluded for
failing to complete the study. The mean age of the sample
was 22.80 years (SD = 3.78) with a range 18–40 years. The
majority of the sample were Polish undergraduate students
(71% secondary education degree, 29% higher degree), re-
cruited by four experimenters mainly via social media.
Written informed consent was obtained from all participants,
who were informed about the procedure, data confidentiality,
anonymity, and gratification.

Procedure

The study was conducted over two sessions, with at least a 24-
h break, in a quiet laboratory at the University of University of
Warsaw in the presence of an experimenter. During each ses-
sion participants completed a set of questionnaires and per-
formed computerized tasks. Each session took the following
order: first, participants completed the mood (UMACL) and
pre-task stress (DSSQ) questionnaires; then, they performed
the cognitive tasks (n-back vs set switching; the order being
rotated between subjects); and finally, they completed the
post-task stress (DSSQ) and remaining questionnaires.

Measures

Time perspective was measured using the Zimbardo Time
Perspective Inventory (ZTPI) as amended by Carelli et al.
(2011) in the Polish version validated by Jochemczyk et al.
(2017). This inventory has 64 items covering six different time
dimensions: Past-Negative (α = .80); Past-Positive (α = .78);
Present-Hedonistic (α = .81); Present-Fatalistic (α = .70);
Future-Positive (α = .81); and, Future-Negative (α = .63).

3535Curr Psychol  (2021) 40:3532–3545



The Future-Negative subscale was added to the original ZTPI
scale. Participants responded on a five-point scale (from 1 –
Bstrongly disagree^ to 5 – Bstrongly agree^). Based on the
scores from the six TPs, balanced time perspective was cal-
culated using the following formula:

√ oPN−ePNð Þ2 þ oPP−ePPð Þ2 þ oPF−ePFð Þ2

þ oPH−ePHð Þ2 þ oF−eFð Þ2 þ oFN−eFNð Þ2;

where o = observed and e = expected score; ePN = 1.95,
ePP = 4.60, ePF = 1.50, ePH = 3.90, eF = 4.00, eFN = 1.8
(Rönnlund et al. 2017). The outcome measure is the deviation
from balanced time perspective (DBTP), where the lower the
DBTP score the more balanced the TP profile.

Mood was measured using the mood adjective check list
(UMACL; Matthews et al. 1990) in the Polish version
(Zajenkowski and Matthews 2019). The scale has 24 items
(adjectives) divided into three subscales: Energetic Arousal
(EA; measuring positive affect and energy); Tense Arousal
(TA; negative affect and tension); and Hedonic Tone (HT;
pleasant, contented mood, high energy, low tension) which
are calculated basing on key scores. Respondents described
their current mood on a four-point Likert scale (from 1 –
Bdefinitely yes^ to 4 – Bdefinitely no^). Cronbach’s alphas
for mood scales measured before updating task were: α = 85
for EA;α = .63 for TA, andα = .90 for HT. Cronbach’s alphas
before switching task were α = .81 (EA); α = .53 (TA);
α = .89 (HT).

Stress states were measured with the Dundee Stress State
Questionnaire (DSSQ; Matthews et al. 2002),specifically the
short version (see Matthews and Zeidner 2012) translated into
Polish (Zajenkowski and Zajenkowska 2015). The DSSQ
measures three factors: task engagement, distress, and worry.
It has 24 items with five-point response scales (from 0 -
Bdefinitely disagree^ to 4 - Bdefinitely agree^). The internal
consistency of the Polish version is high (Zajenkowski and
Zajenkowska 2015), with Cronbach’s alphas ranging from
.75 to .84.

Updating was measured using a 2-back task in two ver-
sions verbal (containing numbers), and visual (containing fig-
ures) adapted from Chuderski and Nęcka (2012). Stimuli in
the tasks were digits or figures, each approximately 2.5 by
2.5 cm in size and presented for 1000 milliseconds (ms) fol-
lowing a 600 ms blank screen. In each task (numbers and
figures), a total of 162 stimuli were presented serially to par-
ticipants in three sessions of 54 stimuli. Between sessions,
participant took a short break. Each session included sixteen
2-back target repetitions of stimuli. Participants were
instructed to respond to repetitions and suppress responses
to all other items. The score on the tasks was the number of

correctly detected repetitions. The variables Bupdating figure^
and Bupdating number^ are indicators of accuracy in the two
updating tasks. We also computed the principal component
factor of both indicators (Bupdating factor^).

Switching was measured with two tasks using different
materials: verbal (numbers) and visual (figures). The comput-
erized tasks created for this study were similar to those used by
Karbach and Kray (2009) and Nęcka et al. (2012), and
consisted of three blocks: two single tasks and one mixed
block. In the task with number stimuli, in the first block (40
trials) participants were asked to categorize numbers as either
smaller (press ‘Z’) or bigger (press ‘M’) than five. In the
second block (40 trials), participants categorized digits as
odd (press ‘Z’) or even (press ‘M’). The digit B5^ was re-
moved from the set of stimuli. Each trial in both blocks had
the following procedure: first, a fixation cross # appeared for
1000 ms, followed by a target stimulus presented for 500 ms.
In the last, mixed, block participants were asked to switch
between the two previous tasks according to a cue—the single
word BEVEN?^ or BSMALLER?^—presented every two tri-
als, the cues indicating which instruction participants were to
follow. The mixed block consisted of 80 randomly presented
trials with the following procedure: first, a fixation cross ap-
peared (1000 ms), followed by a cue (500 ms), followed in
turn by a target stimulus (3000 ms) and a blank screen
(500 ms). There was a short practice session consisting of four
trials before the mixed block.

In the version with figures, in the first block participants
were asked to categorize figures as either small or big. In the
second block, the task was to categorize whether a figure was
sharp or smooth. In the mixed block, participants had to
switch between the two tasks. The cues were a single
word:BSHAPE?^ or BSIZE?^ The procedure, duration of dis-
play, and number of trials were the same as in the number
version of the task. We calculated mixing costs and register
accuracy in the mixed series in both tasks. We treated the
mean difference between accuracy in the single blocks (mean
of the two single blocks) and mixed blocks as an indicator of
mixing costs (Philipp et al. 2008).We also used an indicator of
mean accuracy in the mixed block.

Results

Time Perspective and Working Memory Updating

Table 1 presents the correlations between all the variables. The
results indicate that two time perspectives were associated
with updating: Past Positive and Present Fatalism.
Specifically, Past Positive was associated with higher scores
on the n-back task, whereas the Present Fatalistic dimension

3536 Curr Psychol  (2021) 40:3532–3545



Ta
bl
e
1

C
or
re
la
tio

n
m
at
ri
x
co
m
pa
ri
ng

tim
e
pe
rs
pe
ct
iv
e,
up
da
tin

g,
st
re
ss

st
at
es
,a
nd

m
oo
d

1.
2.

3.
4.

5.
6.

7.
8.

9.
10
.

11
.

12
.

13
.

14
.

15
.

16
17
.

18
.

19
.

1.
Pa
st
N
eg
at
iv
e

2.
Pa
st
Po

si
tiv

e
−.
28
**

–

3.
Pr
es
en
tH

ed
on
is
m

.0
8

.1
1

–

4.
Pr
es
en
tF

at
al
is
m

.4
0*
*

−.
02

.2
3*
*

–

5.
Fu

tu
re

Po
si
tiv

e
−.
21
**

.0
8

−.
40
**

−.
29
**

–

6.
Fu

tu
re

N
eg
at
iv
e

.5
7*
*

−.
16
*

−.
01

.4
1*
*

−.
04

–

7.
D
B
T
P

.7
5*
*

−.
57
**

−.
57
**

.5
9*
*

−.
33
**

.7
0*
*

–

8.
U
pd
at
in
g
nu
m
be
r

−.
02

.1
4*

−.
01

−.
15
*

−.
01

−.
03

−.
11

–

9.
U
pd
at
in
g
fi
gu
re

−.
02

.1
5*

−.
06

−.
18
*

−.
02

−.
04

−.
13
+

.7
4*
*

–

10
.U

pd
at
in
g
fa
ct
or

−.
01

.1
6*

−.
03

−.
16
*

−.
02

−.
03

−.
11

.9
3*
*

.9
3*
*

–

11
.E

A
−.
25
**

.1
0

.0
1

−.
27
**

.2
6*
*

−1
5*

−.
32
**

.0
4

−.
01

.0
2

–

12
.T

A
.1
2

−.
05

.0
2

.2
6*
*

.0
4

.1
9*
*

.2
0*
*

−.
07

−.
08

−.
09

−.
04

–

13
.H

T
−.
31
**

.2
3*
*

.0
4

−.
39
**

.1
3

−.
33
**

−.
44
**

.1
8*
*

.1
4

.1
7*

.5
4*
*

−.
43
**

–

14
.T

E
1

.0
9

.0
3

−.
02

−.
06

.1
1

.1
6*

.0
2

.0
5

−.
02

.0
0

−.
10

.0
1

−.
07

–

15
.D

IS
1

.0
5

−.
02

.0
3

.0
3

.1
4

.0
8

.0
1

−.
03

−.
10

−.
08

.0
8

.1
6*

−.
04

.4
5*
*

–

16
.W

O
R
1

.2
9*
*

−.
06

.0
8

.1
7*

−.
02

.3
2*
*

.2
3*
*

−.
05

−.
05

−.
05

−.
16
*

.2
5*
*

−.
22
**

.2
0*
*

.2
5*
*

–

17
.T

E
2

−.
02

−.
01

.1
2

.0
6

.0
2

.1
4

.0
2

.0
6

.0
1

.0
2

−.
05

.1
1

−.
09

.3
4*
*

.2
0*
*

.2
1*
*

–

18
.D

IS
2

.1
4*

−.
05

−.
05

.1
1

.1
6*

.2
7*
*

.1
6*

−.
04

−.
03

−.
04

.0
1

.1
9*
*

−.
15
*

.2
3*
*

.2
3*
*

.3
0*
*

.2
4*
*

–

19
.W

O
R
2

.2
1*
*

−1
0

−.
05

.2
3*
*

.1
2

.2
9*
*

.2
1*
*

−.
09

−.
12

−.
12

−.
07

.1
7*
*

−.
07

.1
6*

.2
1*
*

.6
1*
*

.2
0*
*

.2
3*
*

–

M
3.
13

3.
46

3.
51

2.
57

3.
34

3.
15

2.
82

19
41
.8
8

18
14
.6
1

–
22
.0
2

18
.1
8

21
.3
6

15
.9
4

13
.8
5

14
.2
9

17
.5
2

13
.8
6

9.
66

SD
.7
3

.7
1

.8
5

.6
2

.6
7

.5
8

.8
2

89
4.
70

91
8.
28

–
4.
55

3.
59

4.
10

2.
96

2.
80

6.
78

3.
20

2.
54

5.
95

TE
1
pr
e-
ta
sk

Ta
sk

E
ng
ag
em

en
t,
TE

2
po
st
-t
as
k
Ta
sk

E
ng
ag
em

en
t,
D
IS
1
pr
e-
ta
sk

D
is
tr
es
s,
D
IS
2
po
st
-t
as
k
D
is
tr
es
s,
W
O
R
1
pr
e-
ta
sk

W
or
ry
,W

O
R
2
po
st
-t
as
k
W
or
ry
,E

A
E
ne
rg
et
ic
A
ro
us
al
,T
A
Te
ns
e
A
ro
us
al
,

H
T
H
ed
on
ic
To

ne
,D

B
TP

D
ev
ia
tio

n
fr
om

B
al
an
ce
d
T
im

e
P
er
sp
ec
tiv

e

*
p
<
.0
5;

**
p
<
.0
1
tw
o
ta
ile
d;

+
p
=
.0
8

3537Curr Psychol  (2021) 40:3532–3545



was adversely related to updating. These time perspectives
correlated with both versions of the updating tasks as well as
the updating factor. Deviation from balanced time perspective
was weakly negatively correlatedwith the updating figure task
with approaching significance (p < .08). Because of the large
number of variables, we additionally calculated Bonferroni
correction for the correlations by dividing the alpha level by
the number of comparisons of each variable. This analysis
revealed that correlations between Past Positive dimension
and updating task (number, figure and factor) are not signifi-
cant. It appeared for Present Fatalism and its correlations with
updating as well. The associations between n-back number
task and hedonic tone is not significant. Moreover, all

correlations which are marked with’*’ in the table are not
significant anymore. We also analyzed state responses to the
n-back task. In order to test how the level of stress changed in
all participants while taking the task, within-subjects t-tests
were performed. The analysis indicated that the level of task
engagement increased (before: M = 15.94, SD = 2.96; after:
M = 17.52, SD = 3.20, p < .001), whereas worry decreased
(before: M = 14.29, SD = 6.78; after: M = 9.66, SD = 5.95, p
< .001) after the task.

Analysis of mood and stress responses to the n-back task
revealed that Past Negative TP was negatively correlated with
hedonic tone and energetic arousal, and positively with worry
(pre- and post-task) and distress (post-task). Past Positive was

Table 2 Regression analyses
with pre-task stress states distress
and time perspective as predictors
and post-task stress scores for
distress as dependent variables in
updating

Outcome: Post-task distress

Δ R2 β Δ R2 β Δ R2 β

Step 1 .02 .02 .02

Sex .08 Sex .08 Sex .08

Age .09 Age .09 Age .09

Step 2 .05** .05** .05**

Sex .06 Sex .06 Sex .06

Age .10 Age .10 Age .10

DIS1 .23** DIS1 .23** DIS1 .23**

Step 3 .02* .01 .07**

Sex .07 Sex .07 Sex .10

Age .11 Age .08 Age .12

DIS1 .23** DIS1 .22** DIS1 .21**

Past Negative .15* Future Positive .12 Future Negative .27**

DIS1 pre-task Distress. * p < .05; ** p < .01

Table 3 Regression analyses with pre-task stress states worry and time perspective as predictors and post-task stress scores for worry as dependent
variables in updating task

Outcome: Post-task worry

Δ R2 β Δ R2 β Δ R2 β Δ R2 β

Step 1 .00 .00 .00 .00

Sex .04 Sex .04 Sex .04 Sex .04

Age .04 Age .04 Age .04 Age .04

Step 2 .38** .38** .38** .38**

Sex −.00 Sex −.00 Sex −.00 Sex .11

Age .11 Age .11 Age .11 Age −.01
WOR1 .62** WOR1 .62** WOR1 .62** WOR1 .62**

Step 3 .02* .00 .01 .01

Sex .01 Sex −.00 Sex .01 Sex .11

Age .11 Age .11 Age .11 Age −.01
WOR1 .60** WOR1 .61** WOR1 .59** WOR1 .61**

Present Fatalism .14* Past Negative .04 Future Negative .11 DBTP .08

WOR1 pre-task Worry. * p < .05; ** p < .01
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associated with high hedonic tone. Present Fatalism was neg-
atively correlated with hedonic tone and energetic arousal, and
positively with tense arousal. It was also associated with mea-
surements of worry. The Future Positive dimension was pos-
itively associated with energetic arousal and post-task distress,
while Future Negative was negatively associated with ener-
getic arousal and hedonic tone, and positively with tense
arousal. It was also positively correlated with pre-task task
engagement and worry, and post-task distress and worry.
Deviation from balanced time perspective was negatively cor-
related with energetic arousal and hedonic tone, and positively
with tense arousal, both states of worry, and post-task distress.

On the basis of the associations between time perspectives
and stress states, we conducted a series of regression models
investigating whether time perspectives predict post-task
stress states, controlling for baseline states (Tables 2 and 3).
The post-task score is more representative of the state during
task performance, while the pre-task score represents general
dispositions and anticipation of the task (e.g. Matthews and
Zeidner 2012; Zajenkowski and Matthews 2019). In each re-
gressionmodel we introduced sex and age in step 1, a baseline
stress state in step 2, and a TP dimension in step 3. The results
demonstrated that after controlling for baseline state, Past
Negative TP was a positive predictor of distress, while
Present Fatalism positively predicted worry.

The results presented above reveal that Past Positive and
Present Fatalism were associated with hedonic tone and

updating. Moreover, updating (number, n-back) and hedonic
tone were positively related as well. Therefore, we went on to
examine whether hedonic tone mediated the link between
these time perspectives (separately for Past Positive and
Present Fatalism) and updating (number, n-back). We used
the PROCESS macro for SPSS developed by Hayes (2015)
to test for indirect effects by calculating confidence intervals
(CIs) with 5000 bootstraps. The first analysis indicated that
the total effect of Past Positive TP on updating (β = .14;
p < .01) was smaller upon inclusion of the mediator (hedonic
tone) and the direct effect was not significant (β = .11, p = .13;
see Fig. 1), while the indirect effect was significant .04,
p < 0.05, 95% CI = [.006; .088]. In the second analysis, the
total effect of Present Fatalistic TP on updating (β = −.15; p
< .01) was smaller upon inclusion of the mediator (hedonic
tone) and the direct effect was not significant (β = − .10,
p = .19; see Fig. 2), whereas the indirect effect was significant
−.05, p < 0.05, 95% CI = [−.107; −.003]. These analyses re-
veal that positive mood mediated the associations between
two time perspectives (Past Positive and Present Fatalism)
and updating (number, n-back task).

Time Perspective and Switching

Table 4 presents the correlations between switching, TP, and
state measures. Most importantly, none of the TP dimensions
correlated with switching, although some of them displayed
associations with stress states and mood. Specifically, Past
Negative and Present Fatalismwere negatively correlatedwith
energetic arousal and hedonic tone, and positively correlated
with tense arousal. Furthermore, both TPs were positively
associated with pre- and post-task worry, while fatalism was
also correlated with post-task distress. The Past Positive per-
spective was associated with higher energetic arousal and he-
donic tone, while Future Positive displayed a positive associ-
ation with energetic arousal. The Future Negative perspective
showed the same correlation pattern as that of the Past
Negative TP.We additionally calculated Bonferroni correction
for the correlations by dividing the alpha level by the number
of comparisons of each variable. This analysis revealed that
Past Negative is not significantly correlated with pos-task
worry, Past Positive is not correlated with energetic arousal
and Present Fatalism is not associated with post-task distress.
Moreover, all correlations which are marked with’*’ in the
table are not significant anymore.

In order to test how the level of stress changed in partici-
pants while performing the switching task, within-subjects t-
tests were performed. We found that the level of task engage-
ment after performance (M = 17.7; SD = 3.33) was higher
than that before (M = 15.61; SD = 2.84, p < .001), while worry
decreased (before: M = 14.46, SD = 6.42; after: M = 9.63,
SD = 6.31, p < .001). This pattern of changes is the same as
that in the session with WM updating.

Past
Positive Updating

Hedonic
Tone

c' = .11(c = .14*)

a = .23** b = .16**

Fig. 1 Relationships between Past Positive, hedonic tone, and updating
task The paths with a’s and b’s are direct, c is the total effect from Past
Positive to updating task and c’ is the direct path from Past Positive to
updating task, controlling for hedonic tone. *p < 0.05; **p < 0.01

Present
Fatalism Updating

Hedonic
Tone

c' = -.10  (c= -.15*)

a= -.33** b = .15**

Fig. 2 Relationships between Present Fatalism, hedonic tone, and
updating task The paths with a’s and b’s are direct, c is the total effect
from Present Fatalism to updating task and c’ is the direct path from
Present Fatalism to updating task, controlling for hedonic tone.
*p < 0.05; **p < 0.01
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Subsequently, we conducted a series of regressions inves-
tigating whether time perspectives predict post-task stress
states, controlling for the baseline of particular stress states
(Tables 5 and 6). In each case we introduced sex and age in
step 1, the first measurement of a given stress state in step 2,
and one TP dimension in step 3. The analyses indicated that
Present Fatalism was a positive predictor of post-task distress
as well as worry, when controlling for the baseline levels of
these stress states.

What is worth pointing out too is that there were significant
(p < .05) correlations between mixing costs in the switching

tasks and updating, ranging from −.16 to −.24. Correlations
between accuracy in the mixed series of the switching tasks
ranged from .28 to .35 (p < .05).

Discussion

The primary aim of the current study was examine associa-
tions between time perspective and executive control opera-
tionalized as WM updating and switching. We found that two
time perspectives, i.e. Past Positive and Present Fatalism, were
significantly associated withWMupdating whereas switching
showed no correlations with TPs. Furthermore, experienced
states were taken into account as potential mediators of the
TP-cognition link. We found that participants’ positive mood
(hedonic tone) mediated the relationships between Present
Fatalism and updating as well as Past Positive and updating.
Finally, some of the TPs predicted stress responses to cogni-
tive tasks. Below we discuss these findings in detail.

In the current study, Present Fatalism was negatively cor-
related with the WM updating task. This result is consistent
with previous studies showing that Present Fatalism impairs
various aspects of cognitive functioning, including fluid and
crystallized intelligence (Zajenkowski et al. 2016a) as well as
cognitive inhibition (Witowska and Zajenkowski 2018).
Moreover, in a recent study Rönnlund and Carelli (2018)
found that among TPs, Present Fatalism was the strongest
correlate of general cognitive ability among older adults
(60–90 years old) and that this TP was significantly predicted
by their intelligence score at age 18. There could be several
explanations for the poorer cognitive functioning of fatalistic

Table 5 Regression
analyses (betas) with pre-
task stress states distress
and time perspective as
predictors and post-task
stress scores for distress
as dependent variables in
switching task

Outcome: Post-task distress

Δ R2 β

Step 1 .03

Sex .12

Age .13

Step 2 .15**

Sex .09

Age .07

DIS1 .40**

Step 3 .03**

Sex .10

Age .10

DIS1 .38**

Present Fatalism .17**

DIS1 pre-task Distress. * p < .05; **
p < .01

Table 6 Regression analyses with pre-task stress states worry and time perspective as predictors and post-task stress scores for worry as dependent
variables in switching task

Outcome: Post-task worry

Δ R2 β Δ R2 β Δ R2 β Δ R2 β

Step 1 .00 .00 .00 .00

Sex .04 Sex .04 Sex .04 Sex .04

Age −.02 Age −.02 Age −.02 Age −.02
Step 2 .36** .36** .36** .36**

Sex .09 Sex .09 Sex .09 Sex .09

Age −.01 Age −.01 Age −.01 Age −.01
WOR1 .61** WOR1 .61** WOR1 .61** WOR1 .61**

Step 3 .00 .02** .00 .01

Sex .09 Sex .09 Sex .09 Sex .09

Age −.01 Age .00 Age −.01 Age −.01
WOR1 .59** WOR1 .56** WOR1 .60** WOR1 .58**

Past Negative .06 Present Fatalism .16** Future Negative .02 DBTP .07

WOR1 pre-task Worry. * p < .05; ** p < .01
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individuals. Theoretical characteristics of Present Fatalism
highlight a specific thinking style and belief system, or cog-
nitive aspects, associated with this TP. Fatalism has been de-
fined as the belief that life is unpredictable and that one has
little control over external events; this attitude results in hope-
lessness and helplessness and the belief that the present must
be borne with resignation because humans are at the mercy of
whimsical Bfate^ (Zimbardo and Boyd 1999). These views
may have consequences for many areas of life, including cog-
nitive functioning. As some authors have suggested, when
faced with a challenging intellectual test fatalists may experi-
ence a lack of motivation because they do not believe that they
can overcome the difficulties in order to succeed in the task
(Zajenkowski et al. 2016a). The findings concerning fatalists’
affective reactions and self-views seem to be in line with this
interpretation. First, Zajenkowski et al. (2016a) found that
present fatalists perceived their cognitive ability to be low,
and that this perceived intelligence mediated the association
between fatalism and actual intelligence. These authors sug-
gested that fatalists’ negative views of their intelligence may
undermine their confidence and result in poorer performance.
Second, across studies Present Fatalism is associated with a
state response to cognitive performance. Specifically, it has
been found that fatalism is correlated with greater worry and
low task engagement, and that these stress states mediate its
link with performance (Witowska and Zajenkowski 2018;
Zajenkowski et al. 2016a). Interestingly, in both sessions of
the current study present Fatalism was associated with high
worry experienced during the task. The state of worry reflects
negative thoughts about one’s performance, self-focused at-
tention, and cognitive interference. These task-unrelated
thoughts may be a reaction to the task demands encountered.
Finally, the current research also revealed that negative mood
may, to some extent, be responsible for the poorer cognitive
functioning in Present Fatalistic TP.

Interestingly, in the present study we found that Past
Positive TP was positively associated with WM updating
and that high positive mood mediated this relationship. This
result seems to be in line with previous findings indicating that
Past Positive is strongly associated with various aspects of
autobiographical memory, including a strong sense of recol-
lection, vivid, emotional recall, clarity of visual-spatial imag-
ery, and recall of more positive emotions (Ely and Mercurio
2010). Additionally, other studies have suggested that work-
ing memory plays an important role in successful emotion
regulation following instruction (Schmeichel et al. 2008). It
has been also shown that people with a high level of WM
engage more effectively in spontaneous emotion regulation
following negative feedback, compared with those with lower
WM (Schmeichel and Demaree 2010). Specifically,
Schmeichel and Demaree (2010) found experimentally that
high levels of WM predicted greater self-enhancement and
less negative affect following negative feedback about

participants’ emotional intelligence. Taking all these findings
into account, one might question whether individuals with a
high level of working memory perceive and experience life
events more positively and in turn develop positive percep-
tions of the past, i.e. high Past Positive. It should be acknowl-
edged, however, that this interpretation is speculative and the
causal relation between WM and Past Positive should be ex-
amined in future studies.

Balanced time perspective showed no significant associa-
tions with switching andWM updating. It should be acknowl-
edged, however, that the latter correlation reached tendency
level (p = 0.08) while the magnitude of the coefficient (r = .13)
was similar to that obtained in an inhibition task in a study by
Witowska and Zajenkowski (2018) on a larger sample.
Nevertheless, the weak or null relations with WM and
switching shed some light on the nature of BTP. As
mentioned above, Zimbardo and Boyd (1999) emphasized
that efficient switching between perspectives is a key compo-
nent of BTP. Our results suggest that these mechanisms prob-
ably do not rely on the cognitive ability to switch between
tasks, perhaps because of one important conceptual
problem—BTP is typically measured as a static construct,
i.e. a profile or configuration of traits. Unfortunately, there
are no methods to assess more dynamic and processual as-
pects of BTP, that is, how people switch between time zones
in response to situational demands. However, it is still possible
that BTP may be associated with cognitive switching if we
could find a way of measuring its processual facet.

Limitations and Future Studies

Although the current study sheds some light on the relation-
ships between time perspective and cognition, it has also a few
limitations. Most importantly, our research was correlation in
nature, which leaves the problem of causality unresolved.
Hypothetically, one may assume that executive control is
more primary and determines the development of specific
timeframe bias. However, further, longitudinal, studies are
needed to shed more light on the causal direction of the TP-
cognition link. Another problem is that we did not include a
screening procedure in order to exclude over psychopatholo-
gy, however, in the study advertisement this requirement of
participation (physical and mental health) was literally noted.
Moreover, our sample (students) was quite homogeneous in
terms of demographic variables and it would be useful to test
other groups in future studies.

It would be valuable to examine other cognitive processes
and tasks in relation to time perspective. In the current study
we used a task measuring working memory updating in two
versions: one using numbers and the other using figures.
However, in other studies different content (e.g. letters) as well
as scoring procedure (e.g. based on reaction time) was used
(e.g. Artuso and Palladino 2018). Another interesting option
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would be to use domain-specific stimuli associated with time
(e.g. words) instead of content-free stimuli of numbers or let-
ters. Additionally, so far only higher order cognitive functions
(e.g. intelligence, executive control) have been analyzed in the
context of TP. It would also be interesting to examine more
basic processes, such as short-term memory and prospective
memory, and their relation to habitual patterns of categorizing
past, present, and future events.

Conclusion

The present study has given some answers to questions
concerning TPs and cognitive functioning relationships.
Specifically, we found that Present Fatalism was associated
with poorer performance on a working memory updating task,
whereas Past Positive time perspective correlated with better
performance on this task. Moreover, individuals scoring high
on Present Fatalism experienced more negative mood, while
individuals with high Past Positive TP experienced more pos-
itive mood. Mood level mediated the relationships between
both TPs and cognitive performance. Further investigations
should focus on resolving the question of causality in these
relationships and seeking a new operationalization of BTP.
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