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ABSTRACT

This thesis seeks to explore everyday aspects of time. Traditionally, the psychological study of
time has been defined as the processes by which a person adapts to and represents temporal
properties in order to synchronise external events. On the other hand, a good understanding
of time is also vital when it comes to occupational and social organisation. How should time
be considered across psychology remains an open question. While time perception is an es-
tablished field in cognitive psychology, previous research has often focussed on either the
perception of very short time intervals (milliseconds), or psychobiological effects of celestial
time cycles (e.g. sleep/wake cycle or seasonal affective disorder). However, there remain sev-
eral other aspects of time that while categorically different are no less important for example,
'mental time travel' or chronesthesia is the ability to mentally project into the future or past.
While these phenomena are well acknowledged, it is only in the last few decades that re-
search has started to document other 'higher level' cognitive processes that exist beyond tra-
ditional psychophysical constructs. By combining a range of experimental and secondary
data analysis methodologies, this thesis examines the relationship between everyday units of
time and systematic changes in behaviour across socially derived time cycles (i.e. the calen-
dar week and the working day). It also considers the effects of individual differences on as-
pects of interpersonal organisation (e.g. punctuality and watch wearing). The main findings
indicate that research into psychological time can and should go beyond minutes and seconds
as present-day cognitive models are inadequate when it comes to accounting for everyday
time processing errors. In addition, understanding the mechanisms behind higher-level tim-
ing processes may only become apparent if the topic makes a concentrated effort to become
integrated with day-to-day cognition and behaviour. The results also have several applied im-
plications including practical recommendations for optimising appointment systems in the
National Health Service. Finally, these findings are discussed in relation to the ongoing de-
bate regarding where psychological time research should focus future efforts if it is to main-

tain its current momentum from a theoretical and applied perspective.
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General Introduction
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1.1 Introducing Psychological Time

When psychology emerged from its philosophical antecedents in the late 1800s, the study of
time was at the forefront of this new discipline (Nichols 1891). James (1890) featured this
centrality throughout his classic work The Principles of Psychology. In this, time past was a
function of attention and memory - two topics that have become the most investigated of all
psychological phenomena to date. A second Chapter in James' book, and central to his per-
spective and theoretical discussion was time present. In that Chapter, he discussed what was

then known about time perception.

James saw time as a central component of the human psychological experience and it remains
one of the most important dimensions that controls our lives and to a large extent, our behav-
iour. For many people, their first act of orientation in the morning is to ask what time it is -

where they are in the day and how to pitch themselves towards it.

Presently, the psychology of time encapsulates a wide variety of phenomena that make it a
truly interdisciplinary topic. For example, the ability to perceive and accurately estimate the
passing of time is fundamental to adapting adequately to the environment which surrounds us
(Block, Zakay & Hancock 1998; Pouthas & Perbal 2004). This includes processes by which a
person adapts to and represents temporal properties in order to synchronise external events.
For example, while crossing a busy street, speed and time estimates are continually required
(Wittmann & Paulus 2007). At the same time, a sound understanding of time is also vital

when it comes to occupational and social organisation (Hoffman 2009).
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Part of that organisation is centred around our built in day or circadian rhythm, which tends
to last about 24 hours. While indoor lighting has been shown to affect circadian rhythms, sub-
sequent studies have demonstrated that the range of this 24 hour cycle was no more than 24
hours plus or minus 11 minutes (Czeisler et al. 1999). Markers for measuring such a rhythm
include melatonin, core body temperature and levels of cortisol (Lange, Dimitrov & Born
2010). Under normal conditions, these basic rhythms regulate various physiological events
that include the cell cycle, body temperature, metabolism, feeding and the most studied of all

from a psychological point of view, the sleep-wake cycle.

While time perception and circadian rhythms are perhaps an obvious starting point, psycho-
logical time also includes what are often termed higher cognitive functions. For example,
time management as defined by Lakein (1973) involves determining needs, setting goals to
achieve these needs, prioritising the tasks required and matching tasks to time and resources
through planning, scheduling and making lists. A failure of such processes is often referred to
as 'the planning fallacy' whereby people and groups underestimate how much time they will
need to complete a task even with prior experience (Kahneman & Tversky 1979). This effect
has been extensively studied and been observed in tax form completion, construction, mar-
keting and furniture assembly (Buehler, Griffin & Ross 2002). More recently, Lovallo &
Kahneman (2003) expanded this definition as a tendency to underestimate time, costs and
risks of future actions while simultaneously overestimating the benefits of these actions. Con-
versely, observers who are uninvolved show the opposite effect as they overestimate the
amount of time required. Explanations for this effect tend to focus on not only focalism - ig-

noring factors that they believe lie out the specifics of a project, but also an underestimation
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of time for events that are included or ignored for example sickness, vacation and meetings
(Lovallo & Kahneman 2003). This takes psychological time as a construct beyond minutes

and seconds.

Similarly, the study of psychological time is also concerned with what is often referred to as
delay discounting, that is, a delayed reward can become discounted when compared to the
value of an immediate reward (Bickel & Marsch 2001). Everyday life predictions,
evaluations, and choices often pertain to events that take place at some point in the near or
distant future. For example, a person may decide a short or a long time in advance whether to
order a new CD-player in the short term or buy a new CD for their collection now. The short
term gain of a new CD might be favoured over a new player, which would improve the
listening experience of all CDs in the long run - the delayed reward may be discounted for a

new CD.

Kahneman and colleagues have also explored the effect of affective forecasting on decision
making, that is, the prediction of one's emotional state in the future (Lovallo & Kahneman
2003). Similarly, time discounting (or preference) involves the tendency to weigh present
events over future events. The effect of this on decision making and well-being has become
particularly important in recent years. For example, an individual attempting to lose weight
who is disappointed with slow progress in the present may abandon their diet because they
cannot see the long term outcome (Takahashi 2005; Zauberman, Kim, Malkoc & Bettman

2009). This can be further explored in terms of temporal distance effects and how this
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apparent distance can affect an individuals' response to future events. To address such
questions, Trope & Liberman (2003) proposed that temporal distance influences individuals’
responses to future events by systematically changing the way they construe those events.
Specifically, that individual's form more abstract representations, or high-level construals, of
distant-future events than near-future events. High-level construals consist of general features
that convey the essence of information about future events, whereas low-level construals

include more concrete, contextual and incidental details.

In sum, a rapid overview of psychological time reveals it to be a very difficult topic to pin
down. Perhaps unsurprisingly, the measures used to measure psychological time vary consid-
erably, but despite James (1890) discussing the issue of time in terms of past and present
events, which aligns itself more closely to the likes of Trope & Liberman (2003) above, it
was interval measurement studies that dominated the experimental landscape from the early

1900s onwards.
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1.2 A brief history of time perception

The perception of time has a strong tradition and despite the rise of behaviouralism, there still
existed some pursuit of time perception during at least the first decade and a half of the 20th
century. This included studies into the effects of rhythm (Dunlap 1915) and early observa-
tions on differences between the sexes. For example, MacDougall (1904) asked men and
women to estimate intervals of 15, 30 and 60 seconds. He found that women tended to over-
estimate all these durations by a ratio of 1 to 4 when compared to men. Such research howev-
er, was rare and the study of physiological time perception almost died out with the ascendan-
cy of behaviourism in the United States (Hancock & Block 2012). This was largely due to the
fact that time estimation is difficult to observe directly. Unlike all other forms of sensory psy-
chophysics, time refers to an evidently intangible quality. As Hancock (2011) argued, this is
what makes the psychology of time difficult to comprehend above all other dimensions of ex-
perience. This observation is not true simply for the psychology of time, but for the study of

time in general (Parker, Harris & Steincck 2010).

These early methodological difficulties however, did not prevent a number of European re-
searchers continuing to study the apparently intractable nuances of time. Among these,
Fancgois (1927) was perhaps the first to highlight the important link between body tempera-
ture and the perception of brief temporal intervals, an effect verified by the American Psy-
chologist Hoagland in 1933. Hoagland, using both his own data and others, proposed that es-
timates of duration were directly dependent on internal body temperature, that is, time

appears to move more rapidly as body temperature increases. Modern versions of this experi-

-23-



ment have used a heating helmet that provides radiant heat from an electrical source applied
along the saggital line from frontal to occipital lobes. Varying levels of heat are then applied

as participants estimate short durations lasting several seconds (Hancock 1993).

However, despite a strong historical and philosophical foundation, time perception devolved

from being a pinnacle of importance to the point at which Adams in 1964 concluded:

'time perception is a venerable, tired topic in psychology that interests very few active investi-
gators any more because no one bothered to explore the mechanisms of time perception and

how it might enter into meaningful interaction with other mechanisms'

(p. 197)
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1.3 Resurrection: Abnormal time perception

Fortunately, while Adams (1964) announced the death of psychological time research, a num-
ber of studies began to initiate its resurrection. As was the case for other perceptual modali-
ties (e.g., vision, touch), the field was significantly advanced by studying systematic errors in
processing (Gregory 2010). Ornstein (1969), among others, explored the nonlinearity of tem-
poral experience, which had become most evident under the influence of mind-altering drugs
such as LSD, which causes a slowing of subjective time and leads to overestimates of dura-
tion (Fischer, Griffin & Liss 1962). This early lead was picked up by clinical psychologists
interested in the relationship between other drug influences and more commonly occurring
forms of mental illness (Orme 1969). Time perception became (and remains) a useful instru-
ment for such explorations and reintroduced the perception of brief intervals of duration back

into the mainstream of clinical efforts.

This trend has continued into the 21st century. For example, social interaction often requires
the interpretation of fleeting signals, such as facial microexpressions and speech, and can also
demand fine motor coordination (Burr & Morrone 2006). Accurate time perception is thus
fundamental to social fluency, and states of mind characterised by disturbed time perception
(e.g. schizophrenia [Davalos Kisley & Ross 2003] and some hallucinogenic states [ Wittman
et al., 2007]) can severely disrupt normal social interaction. For example, patients suffering
from depression or autism are more likely to perceive a slowing of time (Watt 1991; Wittman
& van Wassenhove 2009). Falter, Noreika, Wearden & Bailey (2012) however, used a tempo-

ral generalisation task, also known as a prior entry effect. Prior entry refers to the phenome-
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non whereby attended stimuli are perceived earlier than unattended stimuli (Shore 2001). In a
typical study, attention is oriented to the left or right of fixation, and observers are required to
indicate which of two subsequent stimuli, one presented on the left and one on the right, was
presented first. In most studies, the interval between the two stimuli is varied, and the point of
subjective simultaneity (PSS) is determined for each type of cue. The PSS represents the in-
terval for which the observer perceives the stimuli as simultaneous and is computed as the in-
terval at which 'left first' and 'right first' responses are reported equally. Combining PSS
measures with a standard gaze cuing paradigm can provide novel insights into the attentional
effects of social signals. For example, if the direction of another person’s gaze can affect the
apparent order of events, this could have major implications for understanding both gaze sig-
nals and time perception, and their intersection in social communication. For example, Wear-
den & Bailey (2012) revealed that the sensitivity of temporal discrimination was reduced in
autistic participants suggesting that temporal intervals are fundamentally processed the same
way in typical and autistic individuals, but with a reduced sensitivity for temporal distinction
in those who suffer from autism. Moreover, response criteria in the autistic group was related
to symptom strength in the communication domain. Being critical, one might argue that the
stimuli used as part of this experiment, visual squares and audio beeps are not particularly

representative of social interaction.

However, studies such as these remain an important cornerstone in the literature because they
emphasise the importance of understanding errors in order to understand the normal function-
ing of a system. However, even in normal mental states, time perception is surprisingly labile.

For example, during threatening events such as car accidents and robberies, many people re-
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port that events seem to pass in slow motion - as if time has slowed down. Stetson, Fiesta &
Eagleman (2007) explored whether this is a function of increased time resolution during the
event, or an illusion of remembering an event which was emotionally salient. In this experi-
ment, participants experienced free fall for 31 meters before landing in a safety net. While
people overestimated the duration of their fall, no improvement was observed in temporal re-
solution suggesting that subjective time is not a single entity that speeds up or down, but is
made up of separate subcomponents. Specifically, that time-slowing is a function of recollec-

tion and not perception (figure 1.1).

Fig. 1.1. Taken from Stetson et al. (2007) showing how temporal resolution was measured during a frightening
event. When digits on a watch are alternated slowly they were easy to identify (a). Digits were then presented at
a rate where patterns fused into a uniform field (b). If temporal processing improves during a frightening event,

participants would be able to read a random sequence of numbers presented at a high speed (¢).
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1.4 Current models of time perception

Models of time perception typically concern the role of attention and it is attention alone that
has driven the development of recent models. In the late 1950s and early 1960s attention iself
experienced a renaissance in the early dawn of the cognitive revolution (Broadbent 1958).
While presenting different tasks, the constant challenge remained over how to control the
amount of attention a person paid to each respective task? This concern itself emphasises the
issue of individual differences and the problems that such interindividual and intraindividual
variation posed, and still poses, to the whole area of time perception (Doob 1971; Tien &

Burnes 2002).

However, modern behavioural researchers introduced the scalar expectancy theory (SET) of
time perception in the 1980s, based largely on studies of animals such as rats and pigeons (for
a review, see Church 2003). However, SET theorists largely ignored the role of attention in
their formal models. The issue of attention was raised more pertinently in a revision of SET
that explicitly included attention, the attentional gate model (AGM; see, for example, Zakay
& Block 1997). The AGM was proposed partly from what has become to be known as the
prospective—retrospective comparison. This comparison has been explored most extensively
by Block and Zakay (Block 1974; Block & Zakay 1997; Zakay 1993). In prospective
conditions, a person is aware that he or she will be asked about the duration of an interval and
therefore is expected to pay explicit attention to encoding that duration. In contrast, during
retrospective judgments, the person has not been forewarned about the need to estimate the

length of any particular duration and so, presumably, pays less attention to the passage of

- 28 -



time. In this way, one can seek to generate an explicit contrast of the effects of differing
levels of attention, without the necessity to make the inference as to which filling activities
demand more or less attention. This however, does not circumvent the persistent and thorny
issue of individual differences, but the results of these comparisons show important and large
effects as to whether a person does or does not know whether he or she will be asked to judge
the accuracy of a duration for which there are a number of potential explanations. These
typically emphasise the influence of memory and attention (Block & Zakay 1997; Zakay &

Block 2004).

Many additional examples in support of these models are often related to low-level processes.
For example, Tse and colleagues (2004) showed that, when several stimuli are shown in
succession, a low-probability 'oddball' stimulus in the series is reported as lasting subjectively
longer than the high probability stimuli. This occurs even when they are presented for the
same duration and has been found to be true in both vision and audition. The dynamics of the
distortion (taking several hundred millisecond to reach its peak effect) support the view that
attentional shifts underlie distortions in perceived duration. These findings have lent
considerable support to the latest generation of cognitive models of time perception (Tse,
Intriligator, Rivest & Cavanagh 2004; Zakay & Block 1997), which propose that a simple
'counter' model can account for both how time is represented cognitively and explain its
subsequent distortion. These proposed that, instead of a perfect accurate internal clock, the
brain simply has access to the approximate constant rate of information processed (figure
1.2). The subjective duration of time is therefore controlled by the number of temporal units

accumulated over a certain time span. When individuals are asked to judge an interval, for
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example, 30 seconds during a time estimation task, an overestimation would correspond to an
increased accumulation of temporal units over that period. In comparison, because of an
increased accumulation of units over time, an individual would produce a shorter production

of the same duration during a time-production task (figure 1.2).

While such an illusion is clearly defined, the idea of a counter is in debate (Buonomano &
Karmarkar 2002; Mauk & Buonomano 2004). Firstly, in contrast to a counter model that inte-
grates events, the 'state dependent networks' model proposes that the ubiquity of time varying
neuronal properties allows networks to inherently encode temporal information (Buonomano
& Merzenich 1995). That is, the way the network evolves through time allows it to code for
time itself. Secondly, as outlined previously, research into time faces a number of challenges
and current cognitive models have very little to say beyond psychophysical experiments that

do not translate to behaviour or cognition outside the lab. .

Despite an active history, current models of time are based on purely psychophysical experi-
ments alone. It is clear that the different skills used by people to estimate the passing of time
will influence their behaviour in various facets of their lives, but current models offer com-

paratively little when considering the importance of time outside the lab. For example, many
goods and services have a temporal component which will often correlate with an evaluation
of how good they believe that service to be (Frederick, Loewenstein & O'Donoghue 2002).

Take, for example, purchasing a book through a website. The delivery time in days taken for

an item to arrive is a crucial ex ante variable which affects a decision to order from that com-
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pany again. These social constructs like days and weeks are often what people generally use

to organise and manage their lives, not minutes and seconds (Zerubavel 1985).

Fig. 1.2. Taken from Wittman & Paulus (2007). Model of time perception based on pacemaker/accumulator

model.
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1.5 Beyond minutes and seconds

Recent research concerning psychological aspects of time however, has started to focus on
both the way people manage time in an everyday context and how time can be incorporated
into other well-established areas of cognition. Research is now starting to consider how time
in a psychological sense 'might enter into meaningful interaction with other mechanisms'
(Berntsen & Jacobsen 2008). Such studies however, are not ignorant of previous duration re-

search despite using very different measurement techniques.

Specifically, work has started to examine 'higher level' cognitive functions that build upon
more basic time perception processes. Because keeping to any schedule is likely to involve
accurate time estimation, Francis-Smyth & Robertson (1999) considered the relationship be-
tween time management practices and estimates of task duration. In their experiment, partici-
pants were asked to spell-check a page. Before starting, they were also asked to consider how
long they thought it would take (a retrospective judgement). After completing this task, parti-
cipants were also required to give prospective estimates of time while watching several
videos and complete Time Management Behavior Scale (TMBS) and Time Structure Ques-

tionnaires (TSQ).

As expected, participants were less accurate when it came to judging the duration of a future
task, but this showed a great deal of variation. While previous research had examined
relationships between errors in expected estimates and self-report of time management

behaviours through the TSQ (Burt & Kemp, 1994), Francis-Smyth & Robertson (1999)
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extended this work by incorporating prospective estimation durations and other measures of
time management behaviours. While Burt & Kemp (1994) found that those who scored
highly on structured routine were poorer at estimating expected durations, Francis-Smyth &
Robertson (1999) failed to replicate their findings . They did find however, find that those
who perceive themselves as in control of their time, or as practising time management
behaviours estimated expected durations more accurately than those who did not. Regarding
prospective estimates, participants who perceived themselves to be good at setting goals and
priorities, good at planning and scheduling and to have a structured routine were shown to be
poor at estimating time in passing. Whilst carrying out a task they estimated time as passing
more quickly than it actually does. However, this can be explained from an attentional model
perspective proposing that, through an over-zealous monitoring of time and attention to the
cognitive timer, participants actually put down more STUs than are appropriate in the given
time, experience time as owing more rapidly and hence underestimate a target interval. It may
be the case that people who perceive themselves as good at time management depend very
heavily on the external cues of a watch to monitor time in passing, and this underestimation is
a cautious reaction to its removal. Francis-Smyth & Robertson (1999) also point out that

being early or on time does not have the same consequences as being late.

A more recent time construct that goes even further beyond minutes and seconds is termed
chronesthesia (Tulving 2002). This ability to travel subjectively through time sets humans
apart from other species (Suddendorf & Corballis 2007). Unlike durations of several seconds,
mental time travel enables people to tailor their behaviour to satisfy the challenges of daily

life (Schacter, Addis, & Buckner 2007; Tulving 2002). To date, work on chronesthesia has
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elucidated the neural basis of retrospection and prospection (Addis, Wong, & Schacter 2007;
Schacter et al. 2007) and documented how the process of mental time travel is affected by
both aging (Addis, Wong, & Schacter 2008) and mental illness (D’ Argembeau, Raffard &

Van der Linden 2008).

For example, Casasanto & Boroditsky (2008) considered how the metaphorical relationship
between space and time observed in language also exists in more basic representations of dis-
tance and duration that are never directly experienced through the senses. In one experiment,
participants viewed 162 growing lines, one at a time. Post-presentation, participants were
asked to either produce the lines displacement or duration. The results of this particular ex-
periment showed that spatial displacement affected estimates of duration, but duration did not
affect estimates of spatial displacement. In sum, participants were unable to ignore irrelevant
spatial information when making judgements about duration suggesting that our mental rep-
resentations of things we can never see or touch may be built, in part, out of representations

of physical experiences in perception.

Miles, Nind & Macrae (2010) went on to consider how 'mental time travel' might tie into
these other behaviours. Participants were fitted with a movement sensor and instructed to
stand on the spot. After being blindfolded, they were asked to imagine (a) everyday life
circumstances 4 years into the future or (b) 4 years in the past. The results showed that 'men-

tal time travel' has an additional and measurable behavioural correlate, that is, the direction of
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movement through space as retrospective thought was backwards whereas movement and

prospective thought led to an increase in forwards movement.

This relationship also appears in visual modalities. Miles, Karpinska, Lumsden & Macrae
(2010) used visual optic flow patterns (figure 1.3). While observing an apparent forward or

backward motion, participants had to click on stimuli that appeared at random.

Fig. 1.3. Vection displays of optic flows (taken from Miles, Karpinska, Lumsden & Macrae 2010).
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Afterwards, participants were asked if they had experienced task-unrelated thoughts (day-
dreams) and if so had to to estimate the proportion of these day dreams that were related to
past compared to future events. Remarkably, participants in the forward direction condition
reported a higher proportion of future-related daydreams compared to their counterparts in

the backward condition.

Christian, Miles & Macrae (2012) took this idea further by considering how we think and talk
about time in terms of space for example, 'looking ahead to the future'; 'looking back at our
past'. Importantly, this faculty for 'mental time travel' is dependent on an underlying cognitive
representation of time beyond minutes and seconds (Szpunar 2010). Using a simple line seg-
mentation task, participants marked the location of their own, their best friends or a strangers
birthday in the past, present and future. Participants indicating their own birthday's tended to
leave a larger gap between their previous and next birthday's, as compared with participants
who marked the birthdays of a best friend. This relationship suggests that the more richly we
encode past and future events in our minds, the more physical space we allocate to our mental
representation of those periods. This along with additional findings are consistent with con-
strual level theory in that more space is allocated to events that feature self-relevant and

episodically rich mental representations (Miles, Karpinska & Macrae 2010).

A second experiment was designed to conceptually replicate the relationship between episod-
ic content and the scaling of spatiotemporal mappings in experiment one. In this instance,

participants were required to estimate the duration of a hypothetical journey to specific events
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(i.e. birthdays) in the past and future. In this case, participants also experienced patterns of
optic flow designed to simulate self-motion while they 'travelled' to target events. This exper-
iment treated time as a continuous construct rather than discrete units and taken together, the
results provided additional evidence that variations in self-relevant episodic content are re-
flected in the manner in which participants use space as a proxy of thinking about time. These
results may also help explain differences observed in the planning fallacy - the tendency to
underestimate how long things will take and may even extend to other aspects of time man-

agement such as punctuality.

Mental time travel has also become a key component of cognitive neuroscience (Viard,
Chetelat, Lebreton, Desgranges, Landeau, Sayette, Eustache & Piolino 2011). Recent investi-
gations have focused on identifying malfunctions in future thinking in those suffering from
mental disorders such as schizophrenia (D'Argembeau, Raffard, Van der Linden 2008). What
remains unclear however is where mental time travel begins and future episodic memory
ends. Are these part of the same system or separate? Kwan et al. (2012) explored these differ-
ences in a patient who suffered from episodic amnesia and who was unable to imagine future
experiences. However, they were able to discount the value of future rewards. The authors ar-
gue that because this patient is neither able to imagine personal uses for the rewards or pro-
vide a rational for selecting larger future rewards in comparison to present small awards, a
dissociation exists between imagining the future and and making decisions that involve the
future. However, strong evidence confirms that the majority of people do use mental time

travel on a regular basis Kwan et al. (2012).
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The real world importance of looking forwards has also been quantified based on how Inter-
net users worldwide seek more information about years in the future than years in the past.
Preis, Moat, Stanley & Bishop (2012), analysed Google logs and found a strong correlation
between 45 country's GDP and the propositions of its citizens to look forward (» = .78).
These results suggest that there is a relationship between economic success of a country and
the information-seeking behaviour of its inhabitants online. The authors conclude that such a
future orientation index may be fruitfully applied to further spatial and temporal divisions and

compared with other social and financial indicators in large data sets.

A future challenge for this research is to try and understand the mechanisms behind this phe-
nomena in the general population, however, the examples presented here open up the link be-
tween time as a real-world concept that can link and compliment theoretical and applied as-
pects of cognition and behaviour. In particular, the idea that time can go beyond traditional
units is a worthwhile endeavour that may encourage a move away from traditional boundaries
that have plagued previous research, that is, expanding beyond traditional units of time that

have little baring on daily temporal experiences.

This 'mental time travel' ability in addition to building on other higher-level processes regard-
ing decision making is relevant across this thesis as participants are required to compare the
present day against others, arrive at an event on time, and adapt to changes based on time
cues provided. However, as discussed previously mental time travel may not be essential for

making future decisions, it remains useful in typical participants (Kwan et al. 2012). The no-
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tion of mental time travel also takes us out of the millisecond scale with which psychophysi-
cal studies are concerned, and into the everyday time scale of days, weeks and associated be-

havioural outcomes.
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1.6 Current Research Challenges

Despite fairly rapid progress across the 20th Century, research concerning psychological time
has encountered a number of problems that can be termed sociocultural, methodological and

conceptual. It has also often failed to adequately deal with individual differences, particularly
in light of recent work, which has attempted to examine 'higher level' cognitive functions that

build upon more basic time perception processes.

1.6.1 Sociocultural

While previous studies illustrate how psychological time is difficult to observe and study, for
many people time itself has become less straightforward. The pervasive sense of stress, rush
and pressure in contemporary societies has become a subject of policy debates and routine
complaint. Despite living longer than ever before, people complain of suffering from endemic
shortages of time (Hoffman 2009). For some, in the inversion of the old motto, time has be-
come a more valuable and a less attainable commodity than money. At odds with this real-life
dilemma, current research offers little insight into how people can better manage their time.
For example, while studies focusing on punctuality have identified some correlates with per-
sonality, no guidance exists on how this can be improved in order to have an applied, real-
world impact (Back, Schmukle & Egloft 2006). This is further compounded by recent tech-
nological developments that often give us more free time to do 'fun' activities by helping us

manage time more efficiently (Schmidt & Cohen 2013).
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These aspects of time are important because individuals whose normal social interaction or
daily functioning is disrupted by problems characterised by disrupted time perception or ma-
nagement (e.g. schizophrenia (Davalos, Kisley & Ross 2003; Wittmann & van Wassenhove
2009) may benefit from intervention strategies that manipulate the temporal delay of rewards
or that cognitively restructure the perception of inter-temporal choices (Wittman & Paulus
2007; Ungemach Stewart & Reimers 2011). In addition, interventions might be able to alter
the timing system directly, which would in turn profoundly affect the way individuals
processed delayed rewards and aid in restructuring behaviour towards health-promoting ac-
tions. Government nudge strategies rely on an individual acting or thinking about a message
given at a specific point time, but whether this is an effective strategy is likely to be influ-
enced by where an individual places themselves in time - as many people are often overheard

to quip '/ don't have time for this?'.
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1.6.2 Methodological

When assembling the ongoing literature regarding time perception, it is clear that there is
almost no principled fashion in which the content "filling" an interval was ordered. A typical
investigation uses a series of convenient activities - counting, crossing off the letter 'w' on a
page of text, listening to text, doing nothing at all, actively trying to estimate the interval and
so on - in which there is virtually no theoretical foundation for the chosen activity or

activities.

The traditional and historically dominant techniques are verbal estimation, duration produc-
tion, and duration reproduction (Bindra & Waksberg 1956; Clausen 1950; Guay & Salmoni
1988), but each has some drawbacks (Siegman 1962). For example, reproduction necessarily
emphasises memory for explorations of time in passing, but this same method has some limit-
ed exploratory capacities. In contrast, verbal estimation and production require the person to
reference standard temporal units (e.g., seconds, minutes), and thus the pure perception of du-
ration is contaminated by linguistic and semantic tags that are disassociated from the units of

time we use everyday (Zakay 1990).

That of course may not be seen as weakness because time by its very nature is often tied to
broad linguistic tags, but while this provides methodological convenience and respectability
in the field, such a perspective can mask certain important qualitative dimensions of differing

human temporal experiences (Hancock 2011). However, psychophysical experiments are

-42 -



likely to be limited in the conclusions they can draw regarding how humans manage and deal

with time on a daily basis.

In their recent review, Hancock and Block (2012) point out that reading the introductions to
many papers makes for paradoxical reading. Many authors mention the importance of a theo-
retical backbone, and then go onto select their own idiosyncratic selection of the task. This
principled failure to establish a theoretical taxonomy as to what denotes a task (which remans
a contemporary challenge) has inhibited progress. In addition, this supports Adam's (1964)
earlier observation that time perception has failed to integrate itself with other cognitive

Processes.

In terms of higher-cognitive functions, these methodological shortcomings are perhaps less
prominent, but the complex nature of different time representations often make comparisons
difficult because of the variability when measuring past and present, which also remains a

conceptual issue.
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1.6.3 Conceptual

The concept of time from a psychological viewpoint remains complex and this is also reflect-
ed in the complexity of the current literature. 'How should the concept of time be defined and
studied within psychology?' (Zimbardo & Boyd 1999) remains open to debate both to its
credit and weakness. What is known however, is that people's use of time is eminently social
and cultural in its variations, as well as being strongly influenced by biological and environ-
mental conditions (Zimbardo & Boyd 1999). Human beings experience time through the
changes which are repetitive and progressive like the alternations of day and night; or irrev-
ersible progressions such as biological change that comes with aging. Hudson (2001) argues
that cognitive development and social interactions provide a context on which time concepts
are introduced to a child and time is not an entity like concrete objects, to be discovered by
the child. The idea of psychological time is therefore considered to be a 'developmental
process that takes place at different stages of life' (Shmotikin & Eyal 2003, p261). However,
once developed, it is generally considered to be a stable characteristic reflecting individual
differences with a flexible and modifiable construct (Zimbardo & Boyd 1999). Despite this
well acknowledged importance, cognitive models of time have little to offer when it comes to
these timing processes that impact the decisions people make on a daily basis. Everyday units
of time are often cyclic for example, the diurnal cycle of night and day, and the annual cycle
of the four seasons. These alone are likely to be the constructs that help inform decisions and

not intervals lasting several several seconds.
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1.6.4 Individual differences

Individual attitudes to time can vary considerably, but the simple act of estimating any dura-
tion also remains a highly variable trait. This can be easily demonstrated by asking a group of
people to close their eyes and raise their hands after the passing of 17 seconds. The diversity
of accuracy in estimating this duration will be high (Hancock & Block 2012). Several studies
have identified variables that moderate accuracy on time estimation tasks. The results howev-
er, largely depend on task type, design and methodology employed (for reviews see; Block
and Zakay 1997; Block, Hancock & Zakay 2000; Zakay 1993). As a result, understanding in-
dividual differences that may affect these judgments becomes difficult when combining mul-

tiple studies that often use comparatively small samples and a variety of stimuli.

Specifically, the issue of gender effects has been described as ‘far from settled’ (Block,
Hancock & Zakay 2000; p1333). Researchers have previously explored gender differences in
small samples with results ranging from no gender effect to a significant female advantage in
both retrospective and prospective duration judgments (Block et al 2000). However, Block
and colleagues concluded that females ‘demonstrate improved episodic memory in a
retrospective paradigm’(p1341). The prevailing theoretical account explaining this difference
is based on the frequency of an ‘internal clock’, which is modulated by general cortical
arousal mediated by differences in basal metabolic rate and/or body temperature (Coull,
Vidal, Nazarian & Macar 2004; Gibbon & Malapani 2002). Observed sex differences are
therefore explained as a different average frequency of this ‘internal clock’ between males

and females.

-45 -



The effect of age and sex has also warranted a recent meta-analysis, but again it remains
difficult to answer definitively due to a variety of different methodologies. Block, Zakay &
Hancock (1998) found that older participants produced larger verbal estimates, but Espinosa-
Fernandez, Miro, Cano & Buela-Casal (2003) found the opposite effect in duration
production tasks. In contrast, Hancock & Raush (2010), failed to find any effect of age on a

similar set of reproduction tasks.

Personality has also been linked with duration judgements in men and women because
differences may originate in experiments if personality traits previously known to affect time
estimation are not controlled (e.g. extraversion (Zakay, Lomranz & Kaziniz 1984) and
emotional stability (Kirkcaldy 1984)). Typical experiments from Rammsayer & Rammstedt
require participants to reproduce target intervals of 1, 2 and 5 seconds. Their accuracy was
then compared with a personality inventory - usually The Big Five. Previous research has
hinted at a possible link with overestimation in a small sample of males (N=34) who were
also highly extraverted (Rammsayer 1997). However in (2000) he found no linear

relationship between personality scores and timing performance in men or women.

Research focusing on higher-cognitive timing functions often explores negative outcomes as-
sociated with disrupted delay discounting or mental time travel. For example, Petry (2000)
tested active and abstinent alcoholics as well as controls by giving them various scenarios in-
volving monetary rewards for example, five pounds now or twenty pounds in a month. Petry
found that alcoholics or other substance abusers tend to prefer immediate rather than delayed

rewards. Lower levels of delay discounting has also been linked with higher intelligence and
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additional processes that may take place in the anterior prefrontal cortex (Shamosh et al.

2008).

Zimbardo & Boyd (2008) have also developed a time orientation scale that attempts to
measure an individuals' propensity to think ahead or backwards. Increased levels of future
time orientation have been associated with a decreased likelihood of engaging in HIV trans-
mission risk behaviours as well as smoking, alcohol and substance abuse (Boyd & Zimbardo
2005; Keough, Zimbardo & Boyd 1999; Petry, Bickel & Arnett 1998 Petry 2003; Wills,
Sandy, & Yaeger 2001). It has also been associated with improved health outcomes in sys-
temic lupus erythematosus (Sundaramurthy, Bush, Neuwelt & Ward 2003) and with higher
socio-economic status (Guthrie, Butler & Ward 2009). General explanations tend to relate
these to a cognitive structure that people access when making decisions about short-term and
long-term actions and goals. Surprisingly and despite the well established theoretical relation-
ship between personality (Zimbardo & Boyd 1999), no one has yet examined how these
measures could be combined with time scales we use on a daily basis. Taken together, a range

of measures could be termed as an individual's 'time personality'.

In sum, the existing literature on individual differences surrounding time estimates of a few
seconds 1s mixed. Making conclusions across studies has been hampered by methodological
shortcomings, particularly in relation to sample size composition (e.g. N<40), variability in

task demands and the use of atypical samples. At the same time, higher-cognitive research

has an overreliance on atypical popualtions and gives less consideration to variation in typical
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participants.

Despite a lack of research that directly addresses individual differences along with well doc-
umented sociocultural, methodological and conceptual shortcomings, it is difficult to deny
the impact of cognitive models from the time perception literature. However, due to the is-
sues outlined above, these models remain limited in scope when it comes to 'higher level'
cognitive functions that embody aspects of time which James (1890) felt were fundamentally
more important than millisecond duration judgements. In turn, I would argue that time across

an everyday context would beneft from additional study.
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1.7 The importance of time in an everyday context

The study of time can be multifaceted, but I would argue that its importance has been dimin-
ished over the last few decades because of an over-reliance on paradigms that lack theoretical
coherence and applied impact. As a result, they offer little in the way of applied solutions to
old problems. For example, how can the study of time be integrated into other areas of psy-
chological research? This thesis is therefore an attempt to advance the study of time by going
beyond traditional psychophysical experiments. (Fraser, Haber, & Muller 1971; Hancock &
Warm 1989). Because research has chosen to stick with paradigms that remain limited out-
side the lab, time research itself has become stuck in the past. For example, a Web of Science
search reveals that one of the most cited articles in The American Journal of Psychology con-
cerns time estimation (Hicks, Miller, & Kinsbourne 1976). Given this ongoing discussion,
Hancock & Block (2012) point towards a paradox and importance of that cited work. First,

the paradox:

How is it that the oldest continuously published journal in all of psychology has one of the
highest citation rates for an article in an area that I have just described as behind the times?
The answer derives from the fact that the work of Hicks et al. was central to the ongoing
theme of time perception and the content of specific intervals that has persisted throughout
the 20th century. Thus, their work struck a chord at the juncture when time perception was
beginning to emerge onto the psychological scene. In particular, they asked how prospective
and retrospective judgments of time varied as a function of the amount of information

processed (e.g., Smith 1969). Briefly, they found no systematic effects in the retrospective
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paradigm, in which the person was not aware of the necessity to estimate the duration of the
interval. However, in contrast, they found that in the prospective paradigm, judged time was
an inverse linear function of response uncertainty. This linked attention to the information
content intrinsic to a particular interval in conditions where someone expected to be asked to
estimate the duration experienced. Thus, Hicks et al. identified the crux of an ongoing major
issue and reported results that illuminated both the empirical pattern of outcomes and the
theoretical reasons why such a pattern may be produced. Although the whole area of time
perception has moved on since the 1970s, this finding has proved so important and influential
that it remains a central building block in a number of theories on time perception. However,
in addition to this paradox, I would also argue that there is harsh irony as subsequent research
has completely misunderstood why James (1890) considered time to be a core part of psycho-

logical science.

In the four decades since Hicks et al. (1976) reported their findings, the psychological study
of time perception has progressed on numerous, but often repetitive fronts (e.g., Friedman
1990). What is perhaps most challenging is the generation of new techniques through which
to explore the sense of time because these already appear to be heading in a similar direction.
For example, investigations using neuropsychological and pharamacological approaches to
study time perception in animals and humans have yielded the specific hypothesis that fronto-
striatal circuits, which are modulated by the dopamine system, are crucial for temporal
processing in the seconds range (Coull, Vidal, Nazarian & Macar 2004). Individuals with
structural damage to the frontal lobes (Kagerer, Contreras-Vidal & Stelmach 2002) or

traumatic brain injury predominantly affecting frontal areas (Pouthas & Perbal 2004) show
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impaired estimation of temporal intervals lasting several seconds.

A further challenge involves sustaining the renewed interest in time while ensuring that it
does not again fall into obscurity. One solution is for psychology to adopt a sense of
multidimensionality in the way time is represented in the cognitive literature. In turn this will
allow new models of time to make a larger contribution from both a theoretical and applied
perspective. Progress has already been made recently in this respect as research has slowly
started to return to what James at the turn of the century considered so important, that is, the
existence of past, present and future thinking and how these can modulate planning and

decision making.

One solution is to ensure that future research makes a strong theoretical link back to tradition-
al perception, and this is happening. For example, Wittmann and Paulus (2007) have made at-
tempts to link impulsivity, decision making and time perception, but admit that it is only in
recent years that this has been addressed systematically. However, this typically focuses on
decisions that are made in an experimental, rather than our everyday relationship with time.
For example, do people arrive at appointments late because they think it will take less time to
get to a place than it actually does or are they enjoying that moment in time too much and

leave late?

As outlined previously, people often bias the present when making decisions (hyperbolic dis-

counting). Zauberman, Kim, Malkoc & Bettman (2009) directly compared prospective dura-
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tion with hyperbolic discounting. In one experiment, participants were presented with a
scenario asking them to imagine receiving a gift certificate worth $75. They were then told
that the gift certificate was valid today and were asked to indicate how much they would have
to be paid in order to wait for 1 month, 1 year or 3 years before using the gift certificate. On
the next page, participants were given a 180mm line with end-points labeled ‘Very Short’ on
the left end and ‘Very Long’ on the right end. They were asked to imagine a day 3 months, 1
year or 3 years in the future and to mark on the line indicating “how long do you consider the
duration between today and a day, 3 months, 1 year or 3 years later?”. The distance from the
left end of the scale to each participant’s mark was measured with a ruler and used as an indi-

cator of subjective time horizon.

These experiments demonstrated that consumers’ subjective perception of changes in time
duration were not adequately sensitive to objective changes in time horizon as no significant
differences were observed between the 1 month, 1 year or 3 year conditions. However, sub-
jective estimates of future time horizon changed less than the corresponding change in objec-
tive time, and internal discount rates calculated using subjective estimates of time horizon (a

fixed point in the future) did not decrease over time.

These results have important implications for intertemporal preferences, suggesting that we
may observe declining rates of discounting with increased time intervals not because people's
internal discount functions are approximated by hyperbolas, but because discount rates are

calculated using objective time horizon. By showing that simply examining how people per-
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ceive time and taking into account the relative insensitivity in those perceptions outside the
lab, this finding provides a provocative new look at the underlying drivers of hyperbolic dis-
counting. These results are also psychologically distinct from previous explanations, since it
separates discounting the outcome itself from the perception of the time interval relevant to
that decision. However, the authors admit that not all hyperbolic discounting can be fully ac-
counted for by a sensitivity to this type of prospective duration. For example, making deci-
sions over several days or over several weeks may be better explained in terms of emotional
or visceral effects on the value of the outcomes (Loewenstein 1996; Metcalfe and Mischel

1999).

While such work again moves away from the perception of time and further towards time as
an everyday construct, it is particularly relevant in light of this thesis. The notion of consider-
ing days and weeks as units of time is mentioned, but unaccounted for in much of the litera-
ture. This is surprising given that days and weeks are so well grounded in history and highly
likely to interact with the constructs outlined previously (Zerubavel 1985). This issue under-

lies a substantial body of the research reported as part of this thesis.
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1.8 General methodological approach and overview

The ability to perceive and understand time plays an important role in all aspects of human
life. From knowing when to arrive at a job interview to understanding the timing of events,
such as a motor act followed by a sensory consequence, is critical for moving, speaking, de-
termining causality, and decoding the barrage of temporal patterns that reach our sensory re-

ceptors (Eagleman, Tse, Buonomano, Janssen, Nobre & Holcombe 2005).

Despite its importance for cognition, behaviour and perception, the last few decades have
witnessed limited investigations in time as it relates to people on a day-to-day basis. And it is
only in the last few years that a concentrated effort has been applied to old problems, specifi-
cally, how does our relationship with and awareness of time affect other aspects of cognition
and behaviour. Time is multifaceted and any psychological study cannot simply be limited to
subjective duration, although this was a core motivation for this research. Constructs need to
go beyond minutes and seconds, and consider time in terms of everyday units and devices
that people readily identify with. These include for example, the working day, the calendar

week, and associated time management related constructs.

The main goal of this thesis is therefore to examine aspects of time across an everyday con-
text. While time perception is an established field in cognitive psychology, previous research
has examined either the perception of very short time scales (milliseconds), or psychobiologi-
cal effects of celestial cycles (e.g. sleep/wake cycle, menstrual cycle, seasonal affective disor-

der). There are however, several other aspects of time that are categorically different, because
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they do not rely on subjective experience, but are no less important (Zakay and Block 2004).
These have largely been ignored or glossed over in the current literature. This includes syste-
matic changes in behaviour across socially derived time cycles as well as the effects of regu-
lar exposure to time cues. For example, because the weekly cycle is socially constructed
rather that being celestially defined, it can not have become biologically ingrained. Neverthe-
less, systematic changes have been observed across the week and working day in a range of

cognitive tasks (Weith & Zacks 2012).

Given the importance of time for both social and occupational organisation it is surprising
that much of the literature has had a tendency to split into two separate camps. These can
broadly be defined as psychophysical or occupational in nature. Psychophysical studies tend
to focus on the cognitive processes by which a person adapts to and represents temporal prop-
erties in order to synchronise external events. For example, when crossing a busy street,
speed and time estimates are continually required (Wittmann & Paulus 2007). However, it is
surprising that very few attempts have been made to link time with occupational and social
organisation, particularly as there is the potential for far-reaching and demonstrable impact.
This thesis refers to both strands of research throughout and attempts to show where they can
be explored together from an applied and theoretical perspective. It also aims to highlight
some mechanisms that may lie behind 'mental time travel' by considering everyday units of
time. It involves a substantial amount of interdisciplinary research which often integrates
converging evidence from laboratory based behavioural experiments and large scale sec-

ondary data analysis.
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Correlational designs rely on the truthfulness of the responders answers. Researchers have
debated extensively about the truthfulness of people's self-reports and while no clear-cut con-
clusion has emerged, it is important to remember that correlations cannot be used to make
clear-cut statements about the causes of relationships between variables (Judd, Smith & Kid-
der 1991). Therefore it is important to compliment such an approach with additional

methodologies.

Experimental designs are at the cornerstone of cognitive and social psychology because they
can help identify the causes of a phenomenon. For example, an independent groups design
employed in later Chapters involves each group of participants being randomly assigned to a
different treatment. However, this random assignment can lead to a potential confounder due
to individual differences among participants in each group (Zechmeister, Zechmeister &
Shaughnessy 2001). In addition, results from both experimental and correlational designs do
not always translate or replicate outside the lab, but this thesis also employs additional online

tools that encapsulate experimental and correlational methods.

Psychologists have long relied on student samples and more generally those from a small sec-
tor of humanity (Henrich, Heine & Norenzayan 2012). Recent evidence has suggested that
collecting data via the Internet can reduce biases found in traditional samples (Gosling,
Vazire, Srivastava & John 2004). Buhrmester and colleagues considered the quality of data
from Amazon Mechanical Turk. Turk includes a participant compensation system, a large

participant pool; and a straightforward system to aid study design, recruitment and data col-
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lection. Large-scale data analysis has shown that participants recruited through Turk are sig-
nificantly more demographically diverse than university students and the data is at least as re-
liable as that obtained through traditional methods (Buhrmester, Kwang and Gosling 2011;

Paolacci, Chandler & Imeirotis 2010).

While very precise experiments can now be conducted online, it is unsurprisingly not a per-
fect way to collect data because the experimenter cannot always guarantee that the person sit-
ting behind their computer is either (a) answering honestly and/or (b) really human and not an

automated bot.

Two large online data collections took place during the course of this thesis. The first is re-
ported exclusively in Chapter 2 and the second is referred to in Chapters 3,6, 7 and 8. Two
large online surveys are referred to throughout (see Appendix A) involving samples of 1130
and 634 respectively. Participants in this instance were recruited via several email campaigns
and through social media. Throughout this thesis, I control for these two issues by removing
responses that have either completed online responses in a time that is unusually short (sug-

gesting bot automation) or long (suggesting a lack of attention paid to task).

Finally, while secondary data sources can initially be difficult to locate, these are are worth-
while endeavors because they allow for experimental findings to be extrapolated beyond the
laboratory. Many large organisations have dedicated members of staff who deal specifically

with research data requests. Data reported in later Chapters for example, has often involved
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the collaboration with government data scientists. Such exchanges also cover ethical and re-
lated data-protection issues. Cherry-picking is unlikely because a solid case has to be made
for any data to be released. Handing over an entire government data set for example, would
prove unmanageable and unethical. It also gives hints regarding future research. These two
aspects alone mean that resources available from governments or third parties who store such

data represent a fantastic opportunity for psychologists working in a variety of specialities.

These correlational, experimental, online and secondary data analysis methods often overlap
considerably, but online and secondary data analysis methodologies are clearly marked as

confirmatory or exploratory throughout.

The first two experimental Chapters explore an almost universal yet under researched phe-
nomena in a socially derived time cycle. Despite its repetitive nature, people often become
confused when aligning themselves with the current day of the week. Through a series of ex-
periments, I explore how errors in timing are no longer limited to seconds, but are more fre-

quent when it comes to understanding why a Wednesday can sometimes feel like a Thursday.

In Chapters 4 and 5, I consider how the associations people have with each day of the week
may translate into other behavioural patterns outside the lab. 1 explore the rate of non-atten-
dance in medical appointments across the week and consider how well these patterns fit with

the emotional associations outlined in previous chapters.
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Chapter 6 then considers how personality and mood fluctuates across another socially derived
time structure, the working day. In particular, levels of extraversion show a consistent pattern
across the working day. This mirrors patterns observed in self-reported levels of prospective

and retrospective happiness and ties into current theory supporting the notion that personality

remains the best predictor for subjective well-being (Deary, Weiss & Batty 2010).

As discussed earlier, individual differences remain an issue for the everyday application of
time and Chapter 7 examines self-reported and actual punctuality. The results suggest that
punctuality, like time perception, is both highly variable and difficult to predict using traditio-

nal individual difference measures.

Finally, Chapter 8 considers the effects of daily exposure to a standard time cue - in this in-
stance, watch wearing. Buying a watch may not simply be driven by a desire to know the
time and in several comparisons, watch wearers display a significant increase in conscien-
tiousness over their non-watch wearing counterparts. A second experiment set out to deter-
mine the direction of this relationship in a randomised control trial. The results suggest that a
watch can serve as a personality marker and may even be able to change some individuals'

personality and improve their punctuality.

Taken together the issues addressed in this thesis are of theoretical and practical significance

as the findings could have a direct impact across a variety of domains. For example, by con-
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sidering the importance of behaviour and cognitive trends across the day and week, efficiency
savings could be made in a variety of settings (Chapter 4). From a theoretical perspective, the
results highlight the current limitations of existing cognitive models that attempt to explain
and predict time-related behaviours (Chapter 7). Finally, 'mental time travel' theory may ben-
efit by incorporating everyday representations of time when considering the mechanisms that

underpin this phenomena (Chapter 9).

At the core of my argument is the premise that without forgetting past successes, psychologi-
cal time research would benefit considerably by broadening its horizons beyond low-level

psychophysical experiments.
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Chapter 2
Weekday mismatches
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Introduction

'If aliens landed on earth and began observing human behaviour, three temporal patterns
would become obvious - behaviour varies by hours of the day, days of the week, and seasons
of the year'

(Areni & Burger 2008; p1228)

There is considerable scope for exploring time scales which have been largely ignored in the
current literature, particularly as one might predict that temporal cognition is different on an
everyday timescale, because it does not rely on biologically defined mechanisms. However,
everyday units of time are often cyclic. For example, the diurnal cycle of night and day, and
the annual cycle of the four seasons. These daily and annual cycles are reflections of celestial
motion, specifically, the rotation of the Earth on its axis, and the orbit of the Earth around the
Sun respectively. Similarly, the lunar month is defined by the orbit of the Moon around the
Earth. Given the stability of these cycles on the evolutionary timescale, it is unsurprising that
many biological processes track them. In many cases, psychological correlates of different
phases in these cycles have been intensively studied, for example, the sleep/wake cycle
(days) (Gross & Gotman 1999), menstrual cycle (months) (Gangestad, Simpson, Cousins,
Garver, Apgar & Christensen 2004), and seasonal affective disorder (years) (Lurie, Gawinski,

Pierce & Rousseau 2006).

However, much of our social activity is organised around the weekly cycle. Unlike days,
months, and years, the 7-day week is an artificial cycle in the sense that it is not derived from

any celestial cycle. As such, it is a far more recent construct around which to organise behav-
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iours, but no less important (Areni 2008; Areni & Burger 2008). For example, in an online
study, Areni (2008) considered stereotypes for each day of the week and found that when
people predicted their mood for the upcoming week, they would rate Monday as more nega-
tive than Thursday or Friday. However, this did not predict actual mood when participants re-

sponded on the actual day.

On the other hand, a recent meta-analysis has confirmed a small but reliable 'Monday blues'
effect in mood (Areni, Burger & Zlatevska 2011) however, part of the Monday blues phe-
nomenon may stem from biased memories of that day of the week rather than the actual
moods experienced (Stone, Hedges, Neale, & Satin 1985). For example, Stone, Schnelder &
Harter (2012) found an effect of improved mood on a Friday, but no effect of Blue Monday.
However, while they used a large telephone interview sample (N=340,000), their mood ques-
tion was limited to a yes/no response. These Friday effects were also diminished in older par-
ticipants, but no difference was observed between men and women. Unfortunately, many
studies rely on on single, bi-polar measures which fail to capture qualitative differences be-
tween positive (e.g., pride vs. relief) and negative (e.g., loneliness vs. anger) affective states.
Monday and Friday are also given more attention than days in the middle of the week and

small samples often make meta-analysis difficult.

However, while previous research is consistent when it comes to demonstrating that weekday
elicits a specific emotional response in memory, no work has yet considered what these actual

moods or cognitive associations consist of and how they might predict temporal errors. The
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purpose of these initial studies was therefore to investigate mental representations of
weekdays specifically, their relative strengths, distinctiveness and affective valence. I begin
by considering the confusability of weekdays, as confusability has been used in other
contexts to examine similarity and distinctiveness among items (Bradshaw & Anderson 1982;
Craik & Tulving 1975). Moreover, informal observation suggests that confusion of weekdays
is common in everyday life. However, it remans unclear for example how an individual might
be under the impression that it is Tuesday only to discover that it is in fact a Wednesday.
Confusions of this type may in turn have serious implications for event scheduling and co-

ordination.
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