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Abstract

Against the background of the speed-accuracy trade-off, we explored whether the Pace of
Life can be used to identify heterogeneity in the strategy to place more weight on either fast
or accurate accomplishments. The Pace of Life approaches an individual’'s exposure to time
and is an intensively studied concept in the evolutionary biology research. Albeit overall
rarely, it is increasingly used to understand human behavior and may fulfill many criteria of a
personal trait. In a controlled laboratory environment, we measured the participants’ Pace of
Life, as well as their performance on a real-effort task. In the real-effort task, the participants
had to encode words, whereby each word encoded correctly was associated with a mone-
tary reward. We found that individuals with a faster Pace of Life accomplished more tasks in
total. At the same time, they were less accurate and made more mistakes (in absolute
terms) than those with a slower Pace of Life. Thus, the Pace of Life seems to be useful to
identify an individual’s stance on the speed-accuracy continuum. In our specific task, placing
more weight on speed instead of accuracy paid off: Individuals with a faster Pace of Life
were ultimately more successful (with regard to their monetary revenue).

Introduction

When individuals complete tasks, speed often comes at the expense of accuracy: As the litera-
ture has shown, individuals tend to make more mistakes the faster they conduct a task [1-3].
Although this speed-accuracy trade-off has been confirmed in the past, there is a lack of evi-
dence on the individual heterogeneity that drives strategic decisions to be either fast or accu-
rate, especially in contrast to external factors like induced time pressure.

We contribute to this research using an approach that is well established in the evolutionary
biological literature to analyze a species exposure to time and resulting behavior: the Pace of
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Life. This measure is used to explain differences in the behavior within the species—one ani-
mal that can be given here as an example is the snake. Fast-moving snakes are less likely to
explore their territory and tend to stay on their habituated paths, whereas slow-moving snakes
explore their territory [4]. The Pace of Life measure is also used to explain differences in the
behavior between species. For example, short-lived animals are more likely to make mistakes
than long-lived animals, see e.g. [5]. Recent research shows that it may also drive individual
heterogeneity in humans, such as in the decision to speed while driving [6].

In this study, we examined whether the individual Pace of Life may serve as a personality
trait that explains an individual’s exposure to time and is therefore associated with the speed-
accuracy trade-off. Hence, we aimed to understand the following: (1) Do individuals who are
characterized by a faster Pace of Life accomplish more tasks in total compared to those with a
slower Pace of Life? (2) Are individuals with a faster Pace of Life less accurate (in absolute
terms) by making more mistakes compared to individuals with a slower Pace of Life? And (3)
which strategy proves to be more successful on a certain task—“being fast” or “being accu-
rate”—or something in between?

In a controlled laboratory environment, we quantified the participant’s Pace of Life and
found that it matched many criteria of a personality trait. Furthermore, we recorded the indi-
vidual’s performance on an incentivized real-effort task. We found that individuals who had a
faster Pace of Life solved more tasks in total but also made more mistakes. On this specific task,
individuals who placed more weight on speed were monetarily more successful. In particular,
we showed that an individual’s Pace of Life is a suitable measure to identify heterogeneous
types along the speed-accuracy continuum.

Theoretical background

There are various measures in the existing literature that can help to understand an individu-
al’s behavior. Famous approaches utilize the Big Five personality traits, which contain five
characteristics that people can display, e.g. extraversion [7].

Many of these personality or intelligence approaches are self-reported measures [7, 8] and
may therefore suffer from many kinds of response bias. Therefore, we used an objective mea-
sure by a second person in a clean laboratory setting to avoid certain environmental, subjec-
tively perceived attitudes that could influence the individual’s behavior. Hence, for this study
we used the Pace of Life approach, which measures walking and working speed with respect to
the individual’s objective exposure to time.

Pace of Life

When focusing on the perception of time, there are different approaches. Time can be seen as
subjective as well as objective. Subjective time is the lived or psychological time. This time is
processed by the individual human mind [9]. In our study, we shed light on objective time that
is measurable, universal and homogeneous, e.g. according to the geographical or clock time
that measures time as a physical unit. In this context, we adapted the Pace of Life approach
given by [10] to measure the individual’s exposure to objective time. [10] used three indicators
and built a Pace of Life index to identify cultural and economic differences in 31 countries: 1)
the average walking speed (which was measured over a distance of 60 feet in downtown loca-
tions in each considered city), (2) the working speed (which measured the time it took postal
workers to complete a simple request), and (3) the clock accuracy (which measured 15 public
clocks in selected downtown banks). In this context, the overall Pace of Life index was captured
by confirmatory factor analysis using the z-scores for each aggregated measure of individuals
in each country.
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In contrast to human behavior research, the concept of the Pace of Life is well established in
biological research [4, 5, 11]. There are only few studies that investigated the relation between
individual human behavior and the Pace of Life. [12] explored the correlations between per-
sonality traits and human metabolism with the aim of reducing measurement noise in the
individual Pace of Life. Additionally, the study by [6] showed that the Pace of Life may also
drive individual heterogeneity in humans, such as in the decision to speed while driving. The
authors found that individuals with a slower Pace of Life were more likely to choose a slow
speed in the experiment. These individuals were also more likely to switch to a slow speed,
even if they experienced success by driving fast in the preliminary round. However, the empir-
ical evidence on the role of Pace of Life for human behavior is rather small so far.

Speed-accuracy continuum

To maximize economic success in completing tasks which are paid by unit, an individual ide-
ally attempts to work as fast but also as accurate as possible. However, there are situations in
which speedy results come at the expense of accuracy and vice versa. In those cases, individuals
face a speed-accuracy trade-off [13]. Starting with the work of [1], a trade-off between speed
and accuracy was studied in a wide range of settings and experiments. For instance, [2] showed
that individuals who performed simple drawing tasks faster were less accurate. In typewriting,
an increase in mistakes was associated with more rapid typing [14]. Furthermore, [3] reported
that the probability for cricket as well as baseball players to throw a ball accurately decreased
with increasing speed. However, the speed-accuracy trade-off is not limited to humans, but
can also be found in such animals as house-hunting ants [15], bumblebees [16], guppies [17],
mice [18], and monkeys [19].

When it comes to humans, there is statistical evidence that personality traits may sway
whether individuals place more value on either speed or accuracy: For example, [20] reported
that individuals who had a high level of neuroticism tended to be faster but less accurate in
their performance compared to individuals with a low level of neuroticism. Impulsivity was
another personality trait that proved to be associated with the speed-accuracy trade-oft: indi-
viduals with high impulsivity reacted faster but more inaccurately than the less impulsive indi-
viduals [21].

However, while established personality traits may help to explain an individual’s behavior
along the speed-accuracy continuum, they do not relate directly to an individual’s relation to
time. Therefore, we aim to understand whether the individual Pace of Life can explain hetero-
geneity in the speed-accuracy trade-off. Additionally, we want to contribute to this literature
by considering whether the individual Pace of Life is a potential candidate for a personality
trait that refers to the individual relation to (objectively measured) time.

Methods

We used a controlled laboratory environment to answer our research questions. The study was
conducted in the Potsdam Laboratory for Economic Experiments (PLEx) from 12 to 14 Octo-
ber 2020. In total, 11 sessions were carried out and each session consisted of 9 or 10 partici-
pants. Ethical approval for this study was obtained by the German Association for
Experimental Economic Research. Data are available in the project “Hare and Hedgehog” on
OSF: DOI 10.17605/OSF.IO/PSK4H or https://osf.io/psk4h/?view_only=
f0900e236c9b4d9db7a70f50badd6128. We used Stata Version 17 for our statistical analysis.
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Participants

We used data provided by [22] to derive a necessary number of about 100 participants to reach
a statistical power >0.800. We recruited 110 students from the University of Potsdam, Ger-
many, with the help of the recruitment software ORSEE [23] on a first-come, first-serve basis.
Ultimately, 106 students showed up for the experiment. We decided to exclude 9 of the 106
observations, because no reliable measurement of these participants’ walking time was possi-
ble, e.g. because they walked in pairs (-6 observations), arrived late to the meeting room (-1
observation), or did not follow our route instructions (-1 observations), or there were technical
problems in measuring the time (-1 observation). Thus, overall we included 97 observations of
German students in our data. The students considered in our data set were between 19 and 36
years old (mean 23.619 and std. dev. 3.898) and 54 (55.670%) were female. Taking 97 observa-
tions into our data analysis, we obtained a statistical power between 0.729 and 0.869 assuming
an effect size between 5 and 6 (words encrypted in the WEDR task).

Experimental design

With our experimental design, we aimed to measure the individual speed and accuracy (1), as
well as the individual Pace of Life of the participants’ (2). To measure the participant’s speed
and accuracy (1), we decided to introduce a real-effort task to the participants. Real-effort
tasks consist of tasks in which the individual’s performance is monetarily rewarded, and thus
incentivized. We chose as a real-effort task the Word Encryption Task with Double Randomi-
zation (WEDR task) developed by [22]. Please find the instructions in S1 Appendix. This real-
effort task was designed to measure performance by minimizing learning behavior. In the
WEDR task, the participants had to encode words. In this context, each word contained three
different letters, each associated with a three-digit number. Participants had to find the suitable
number from a table displaying all 26 capital letters of the German language and their associ-
ated three-digit numbers. Whenever participants encrypted a word correctly, another word
was created, new numbers were allocated, and the letters were randomly rearranged; see SI
No. 1. Participants could familiarize themselves with the task in a trial stage without financial
consequences. For the first 5 words solved correctly, participants received 0.400 EUR each, for
words 6-10 they received 0.300 EUR each, for words 11-15 they were paid 0.200 EUR each,
and any additional words were remunerated at 0.100 EUR each. The use of decreasing mar-
ginal returns is established in economic experiments [24-26], since it reflects an important
aspect of production processes in reality. We informed the participants about the payment
structure before they conducted the WEDR task. Furthermore, the number of words encoded
correctly as well as the individual payoffs were permanently updated and displayed to the par-
ticipants on their screen during the 15 minutes in which they took part in the WEDR task.

We measured the the number of words encoded incorrectly (errors) and the number of
words encoded correctly (achievement). Additionally, we derived a binomial variable that
measured whether a participant made incorrect responses at all.

We measured an individual’s Pace of Life (2) by capturing different individual aspects
related to time. We adapted the approach given by [10], who used walking speed, working
speed and clock accuracy to derive a Pace of Life index. We recorded the participants’ walking
time on one section on their way from the meeting room to the PLEx, without any reason to
pause. To avoid crowded corridors at the University, the study was conducted during the out-
of-session period. Thus, we were able to record unbiased individual walking time. The distance
measured for walking time was 18.900 meters, (about 62 feet) comparable to the distance used
in [10].
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To quantify the participants’ working time for our Pace of Life measurement, we let them
perform two different tasks of daily life. First, we recorded the time the participants needed to
enter a certain number displayed to them using their keyboard—working time,,,,;per- This
action is usually conducted when logging in to online services like online banking. Secondly,
we timed how long the participants needed to fill out a questionnaire—working timegyestionnaire
as questionnaires usually have to be completed e.g. for applications, and can thus be consid-
ered a common task of daily life too. Thus, both actions considered as measuring working time
differed from the WEDR task: Individuals had performed them several times previously in
their daily lives in a natural environment and the actions were not monetarily incentivized,
whereas participation on the WEDR task was new, monetarily incentivized, and associated
with a deadline.

These measurements for the Pace of Life are objective, since they rely on physical time
(clocks). However, in the original Pace of Life approach by [10], clock accuracy was also con-
sidered for the Pace of Life index, but was measured as the objective difference between actual
time and public clock time. In this study, we decided not to include clock accuracy as mea-
sured by [10], since the participants in our study overwhelmingly used digital watches. Thus,
measuring an individual’s clock accuracy would have been meaningless. Nevertheless, we tried
to find a suitable replacement for clock accuracy. In doing so, we exploratively recorded the
participants’ inner clock accuracy. We informed the participants after the WEDR task that they
would soon see a blank screen for a certain period of time and had to run their inner clock
until the black screen disappeared. During this task, the students were sitting in an empty com-
puter booth, unable to see any clock, and could do nothing other than wait. Afterward, they
had to guess how long they had just waited.

Procedure

Each session started in a meeting room at a certain distance from the PLEx on the campus of
the University of Potsdam. In the meeting room, the participants were registered for the exper-
iment and had to give up all their personal belongings, including electronic devices such as
smartphones or watches. Afterward, they walked individually and directly to the PLEx. Upon
arrival at the PLEx, the participants had to sign an Informed Consent Form. Subsequently, the
computer session was initiated. Communication with other participants was not possible dur-
ing the whole computer session, as students were sitting in empty and separated computer
booths. At the end of the experiment—which was computerized with z-Tree [27] -, they
received their payment in cash and returned to the meeting room to collect their personal
belongings. Please find an illustration of the location in Fig 1.

Pace of Life index

We assumed that the variation in the four variables walking time, working time,,,mper, working
timegyestionnaire 20d inner clock accuracy might reflect the variation in the unobserved latent
variable individual Pace of Life. Adapting the approach of [28], we used the standardized vari-
ables via z-scores and a confirmatory factor analysis to derive an individual Pace of Life index.
However, we found inner clock accuracy to load very poorly in the factor analysis. We ascer-
tained a very low and insignificant correlation between inner clock accuracy and the individual
Pace of Life index (—0.083) if this variable was included (see, S1 Table).

For this reason, and the fact that our measurement of inner clock accuracy was not mea-
sured objectively (by physical time), we decided to exclude inner clock accuracy. Instead, we
derived the index for the individual Pace of Life via confirmatory factor analysis using the
three variables walking time, working time,,mper, and working timegyestionnaire. Consequently,
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Fig 1. Location of the experiment. Reprinted from OpenStreetMap (https://www.openstreetmap.org/map=18/52.
39302/13.12775) under the Creative Commons Attribution License (CC BY 4.0), with permission from ©
OpenStreetMap Contributers (2020).

https://doi.org/10.1371/journal.pone.0256490.9001

our Pace of Life index was based purely on objective measurements that all correlated signifi-
cantly with our Pace of Life index. Please find factor loadings and the correlation matrix in S1
Table. The overall Kaiser-Meyer-Olkin measure amounted to 0.490, which is slightly below the
threshold of 0.6 that should be reached in order to reach a sufficiently measure of sampling
adequacy.

Panel A of Fig 2 plots the distribution of the variable individual Pace of Life.

The internal consistency, measured by Cronbach’s o = 0.304, is comparable to the original
Pace of Life measurement developed and applied by [10], which is reported as o = 0.250. As
very early studies rely solely on the walking speed as a measure for Pace of Life, like for example
[28, 29] argue that especially the modest level of internal consistency points to the importance
of capturing multiple facets and improves the measurement of the Pace of Life index. Although
we reached in our sample a higher a than [10], we still see space for improvement in the mea-
surement of the individual Pace of Life, as higher level of internal consistency would be
desirable.

We contributed to the reliability of our study by analyzing students from diverse fields of
specialization with a balanced gender ratio. As we had only one observation per participant,
we could not evaluate test-retest stability. However, we tested for within-session reliability of
the measured Pace of Life using a split-half model. Items of our latent variable were by defini-
tion not homogeneous, which made the interpretation as a consistency measure to some extent
difficult [30]. However, this type of reliability is especially important throughout the construc-
tion phase, as it is not biased by time-dependent changes in the participant’s ability [30].
Assuming that we had two similar forms of the instrument, we calculated the correlation
between those two parts. Splitting the construction of the latent variable into the variables
working time,,mpe- and the Pace of Life,aiking timees working timequestionnaire» Which is the result of
the factor analysis using the variables working time,,,,p.r and walking time, we computed a
Spearman-Brown Prophesy Reliability Estimate of 0.419. If we split up walking time (or
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working timeg,estionnaire)» We ended up with a Spearman-Brown Prophesy Reliability Estimate
0f 0.221 (or 0.224).

Besides the individual Pace of Life, there are certainly other socio-demographic characteris-
tics that drive an individual’s success in solving tasks. For instance, age [31-33], income [34,
35], and gender [36-38] might play a role for productivity. We controlled for such effects by
asking the participants about their age, gender, and income level (Income category 0
(< 500EUR) 26.800%, 1 (501 — 750EUR) 29.900%, 2 (751 — 1000EUR) 26.800%, 3 (1001
— 1250EUR) 8.200% and 4 (> 1250EUR) 8.200% of participants) in a questionnaire.

Results

Participants solved between 41 and 84 tasks correctly—on average 59.691 (Std.Dev. 9.434).
They made between zero and seven mistakes—on average 1.113 (Std.Dev. 1.540). Please find
the histograms for the distribution of the variables error rate and achievement in Panels B and
C of Fig 2.

The individual Pace of Life and errors

During the 15 minutes of the real-effort task, individuals had to correctly encode as many
words as possible to maximize their achievement. In this context, each error, i.e. each word
encoded falsely, was associated with a waste of time and no monetary reward.

Fig 3 plots the relationship between the Pace of Life and the number of incorrect responses.
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Next, we analyze the role of the individual Pace of Life in increasing the errors—which are
the number of incorrect responses—by running a multiple, ordinary least squares regression.
Therefore, we estimate the following basic equation:

Errors, = o, + B ¥ "*Pace of Life, + fx, + ¢, (1)

fori=1,..., nparticipants, where Errors; is measured in number of mistakes made on the
real-effort task, i.e. words encoded incorrectly, and x; is the vector of control variables, i.e. age,
gender, and income categories, as well as session and day dummies. The main coefficient of

Pace of L measures the relationship between a participant’s Pace of Life and the errors.

interest f§
We apply a step-up approach and present in Table 1 the estimation results for Eq 1.

In model (1), we estimate Eq 1 without the variable of interest. In model (2), we add the var-
iable Pace of Life and find a positive and significant relationship between the individual Pace of
Life and the number of mistakes in model (2). An increase in the Pace of Life of one unit
increases the number of mistakes by about 0.780. To allow for a more convenient interpreta-
tion of our results, we again use the binary variable Fast Pace of Life in model (3).

About 50% of our participants made no mistakes at all. To account for this censoring in the
data structure, we additionally apply a probit model. Deriving marginal effects at the means of
our participants, we estimate that if the individual’s Pace of Life increases by one unit, the prob-
ability of making mistakes at all increases significantly by about 32.131%, see model (4). In
model (5), we again replace the cardinal variable Pace of Life with the binary one Fast Pace of
Life. Estimation results are of the expected sign and size, but not significant. This result may be
driven by the fact that we reduced the degree of information by implementing the median

split.
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Table 1. Regression results for errors.

Number of incorrect responses Making incorrect responses at all

(1) () (3) (22) (32) (4) (5) (6) (52) (62)

Pace of Life 0.780* 0.925"* 0.949"* 1.533***
(0.400) (0.448) (0.467) (0.470)
Fast Pace of Life 0.096 0.085 0.337 0.355
(0.355) (0.354) (0.304) (0.303)

Female -0.476 -0.477 -0.478 -0.490 -0.470 -0.021 -0.001 -0.020 -0.051 -0.036

(0.349) (0.349) (0.350) (0.349) (0.352) (0.290) (0.298) (0.292) (0.303) (0.291)
Age -0.044 -0.044 -0.045 -0.044 -0.045 -0.040 -0.042 -0.046 -0.045 -0.047

(0.040) (0.039) (0.039) (0.039) (0.039) (0.038) (0.038) (0.038) (0.039) (0.038)
Constant 1.780 1.572 1.766 1.562 1.752 1.138 0.926 1.097 0.947 1.129

(1.164) (1.150) (1.180) (1.149) (1.182) (1.190) (1.213) (1.217) (1.248) (1.215)
N 97 97 97 96 96 97 97 97 96 96
R? 0.181 0.211 0.182 0.214 0.183
PseudoR’ 0.099 0.143 0.108 0.172 0.105

Regressions additionally include session-day dummies, and income category as a control variable, Standard errors in parentheses,
* p < 0.100,

** p < 0.050,

% p < 0.010.

https://doi.org/10.1371/journal.pone.0256490.t001

We additionally show in models (2a & 3a) as well as (5a & 6a) that the results of the rela-
tionship between the individual Pace of Life and errors are robust to the removal of one
extreme outlier.

The individual Pace of Life and achievement

We measure an individual’s achievement by the number of words encoded correctly in 15
minutes of working time. Fig 4 plots the relationship between the individual Pace of Life and
the achievement reached on the real-effort task.

We again run several ordinary least square regressions to analyze the relationship between
the individual Pace of Life and achievement on the real-effort task of the experiment. There-
fore, we estimate the following basic equation:

Achievement, = o, + I ¥ "*Pace of Life, + fx, + ¢, (2)

fori=1, ..., nparticipants, where Achievement; is measured in the number of words encoded
correctly on the real-effort task or the payoff received for the real-effort task respectively; x; is
the vector of control variables, i.e. age, gender, and income categories, as well as session and
day dummies. The main coefficient of interest f* ¢ "
participant’s Pace of Life and achievement. We apply a step-up approach and present in

Table 2 the estimation results for Eq 2.

measures the relationship between a

In model (1), we estimate Eq 2 without the variable of interest. In model (2), we find a large,
positive, and highly significant relationship between the Pace of Life and the number of words
encoded correctly. An increase in the Pace of Life of 1 unit increases the number of words
encoded correctly by about 10.171.

For a more convenient interpretation of these results, we again replaced the continuous var-
iable Pace of Life with the binary one Fast Pace of Life. The result is presented in model (3).

PLOS ONE | https://doi.org/10.1371/journal.pone.0256490  August 20, 2021 9/15


https://doi.org/10.1371/journal.pone.0256490.t001
https://doi.org/10.1371/journal.pone.0256490

PLOS ONE Hare and Hedgehog

o |
»
°
- °
0o |
O ®
8 oe® o o
© o
3 . S
8[?‘ % ® o o
S " ” o . ®e oo
° - °
g s} o° :. o .
22 *e2%
S N ° °
s o ° L. 03. °
o ° oo oo oo
%o [ ) b [}
Z W0 ° ° > °
T
o o
o o
®
o | [ ] [
<
T T T T T T T
-2 -15 -1 -5 0 5 1
Pace of Life

Fig 4. Two-way scatter plot: Words encoded correctly and Pace of Life.
https://doi.org/10.1371/journal.pone.0256490.9004

Participants with a Fast Pace of Life correctly encode about 6.400 words more than participants
with a Slow Pace of Life. This estimation result is statistically significant.

Additionally, we show in Table 2, models (2a) and (3a), that our results are robust to the
exclusion of an extreme outlier with a very low individual Pace of Life. Without this extreme
observation, results are even slightly stronger.

As the outcome variable achievement is also the one that is used to compute the payoff the
participants received from the laboratory study, we additionally report regression results with
the dependent variable payoff, which is a linear transformation of the number of words
encoded correctly.

Additionally, we ran each regression again using the components of the latent variable Pace
of Life instead of the Pace of Life itself as an explaining variable. All estimates were of the
expected direction. Emerging from significance levels, working timeg,cstionnaire Se€med to have
the most consistent relation to all three dependent variables. Please find the results in the S2
Table.

Discussion and conclusion

The literature has shown that individuals make different decisions if they encounter a speed-
accuracy trade-off in solving tasks. In general, some individuals place more value on being
fast, taking mistakes into account, while others focus more on being accurate, taking slowness
into account. There are also individuals who balance speed and accuracy when accomplishing
tasks. Crucial for the individuals’ strategy and their position on the speed-accuracy continuum
are e.g. incentives. Against this background, we studied whether the Pace of Life approach
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Table 2. Regression results for achievement.
Words encoded correctly Payoff
(1) (2) (3) (2a) (3a) (4) (5) (6)
Pace of Life 10.171*** 14.253*** 101.713***
(3.333) (2.230) (33.330)
Fast Pace of Life 6.434*** 6.559*** 64.340"**
(1.953) (1.961) (19.530)
Female 1.946 1.939 1.848 1.563 1.764 19.463 19.387 18.483
(2.079) (1.821) (1.900) (1.764) (1.915) (20.793) (18.210) (19.003)
Age 0.315 0.313 0.197 0.306 0.193 3.146 3.130 1.967
(0.340) (0.290) (0.303) (0.278) (0.304) (3.398) (2.896) (3.029)
Constant 56.066"** 53.353%** 55.107*** 53.053*** 55.263*** 860.655*"* 833.532%** 851.075***
(11.319) (9.754) (10.279) (9.238) (10.294) (113.187) (97.539) (102.792)
N 97 97 97 96 96 97 97 97
R? 0.197 0.333 0.288 0.397 0.289 0.197 0.333 0.288

Regressions include session-day dummies and income category as a control variable. Standard errors in parentheses,
* p <0.100,

** p < 0.050,

1 p <0.010

https://doi.org/10.1371/journal.pone.0256490.t002

introduced by [10] fulfills the criteria of a personality trait and might explain differences
between the two strategies—being fast or being accurate.

While this concept has rarely been studied in humans, it is used extensively in the biological
literature. In this literature, the Pace of Life strongly relates to the life-history continuum, pre-
suming that between- and within-species variation in physical attributes like metabolism
determines variation in behavior [5]. In this study, we applied a novel measurement of the
Pace of Life and conducted a certain task which is characterized by a speed-accuracy trade-off
to test whether the Pace of Life may predict the individual’s stance in the speed-accuracy con-
tinuum in our setting.

In a controlled laboratory experiment, we examined the participants’ Pace of Life by record-
ing walking time and several aspects of working time. Furthermore, we measured the accuracy
of their answers and their resulting achievement on a real-effort task.

The Pace of Life measurement considered in this study fulfills many criteria of a personality
trait. Personality traits refer to characteristics that individuals have in common, whereby indi-
viduals differ with regard to the extent of these characteristics. The latter makes it possible to
compare individuals [39]. In our study, we observed the behavior of individuals in three situa-
tions that are common in the daily life of all individuals to derive the individual Pace of Life:
walking a certain section, completing an action that was comparable to logging in to online
services, and answering a questionnaire. In this context, we ascertained that the individual
Pace of Life differed across participants.

Furthermore, it is assumed that personality traits are relatively stable over time, show inter-
nal consistency, and influence behavior in certain situations [40]. Stability over time could be
neither confirmed nor rejected with our study design. However, our results showed that the
three measurements that formed our Pace of Life index all correlated significantly with the
Pace of Life index. Furthermore, the individual Pace of Life affected the behavior on the real-
effort task that we conducted and proved to have a significant impact regarding the individu-
al’s stance on the speed-accuracy continuum.
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By applying a typical real-effort task that is repeatedly used in economics, we found that
individuals with a slower Pace of Life solved fewer tasks in total but were more accurate com-
pared to individuals with a faster Pace of Life. We conclude that an individual’s Pace of Life
may serve as an appropriate approach to identify the individual’s type in terms of position
along the speed-accuracy continuum at this specific task.

Here, making mistakes was merely associated with a waste of time but no financial disin-
centives. Thus, by placing more weight on speed instead of accuracy, individuals with a faster
Pace of Life were ultimately more successful from a monetary point of view. On tasks with pay-
off functions that penalize mistakes more heavily, individuals with a slow Pace of Life may be
superior. However, the means by which the relationship between heterogeneity in the Pace of
Life and achievement on real-effort tasks depends on different pay-off functions remains a sub-
ject for future research.

Although we constructed the Pace of Life index carefully and with consideration of the con-
cept that is established on the macro-scale, (see e.g. [10, 28, 41, 42]), there are some possible
limitations. The first variable walking time was measured by research assistants using elec-
tronic time clocks. While we made sure that the same person always measured the walking
time of individuals walking the same distance alone, using the same clock, there may have
been result small measurement errors. Using light barriers instead could be a possible
improvement of this method. If a reliable measurement of walking time was not guaranteed,
which was for the case when participants walked in pairs, for example, or did not follow our
route instructions, or arrived late to the meeting room, we excluded these observations.

In measuring working time, we may find some limitations if participants had different expe-
riences performing the daily life tasks we chose. However, as we had a very homogeneous set
of participants with respect to age, education, and origin, we reduced the possible variability in
these variables to a minimum.

Furthermore, given the fact that a share of our participants did not make any incorrect
response at all, it may be the case that some participants just worked faster, irrespective of their
level of accuracy or that their cognitive abilities differed. Future research should address these
aspects by controlling for the participant’s intelligence.

Supporting information

S1 Fig. Example for the trial stage of the word encryption task.
(TIF)

S1 Appendix. Instructions for participants of the experiment.
(PDF)

S1 Table. Correlation matrix: Individual Pace of Life and components.
(Z1P)

$2 Table. Regression results for components of Pace of Life.
(Z1P)

Acknowledgments

The paper benefited from helpful comments by Thorsten Auer and Kirsten Thommes. We are
grateful to Olga Andreeva, Juri Nithammer, Birte Rottges, and Steve Nemitz and Luca Schulz
for their help in conducting the experiments and administrative support. Fig 1 copyrighted
OpenStreetMap contributors available from https://https://www.openstreetmap.org/map=18/
52.39302/13.12775.

PLOS ONE | https://doi.org/10.1371/journal.pone.0256490  August 20, 2021 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256490.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256490.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256490.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256490.s004
https://https://www.openstreetmap.org/map=18/52.39302/13.12775
https://https://www.openstreetmap.org/map=18/52.39302/13.12775
https://doi.org/10.1371/journal.pone.0256490

PLOS ONE

Hare and Hedgehog

Author Contributions

Conceptualization: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.
Data curation: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.

Formal analysis: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.
Funding acquisition: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.
Investigation: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.
Methodology: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.

Project administration: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.
Resources: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.

Software: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.

Supervision: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.
Validation: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.
Visualization: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.

Writing - original draft: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.

Writing - review & editing: Christin Hoffmann, Julia Amelie Hoppe, Niklas Ziemann.

References
1.  Woodworth RS. The accuracy of a voluntary movement. Psychological Review. 1899; 3:1-114.

2. ForsterJ, Higgins ET, Bianco AT. Speed/accuracy decisions in task performance: Built-in trade-off or
separate strategic concerns? Organizational behavior and human decision processes. 2003; 90
(1):148-164. https://doi.org/10.1016/S0749-5978(02)00509-5

3. FreestonJ, Rooney K. Throwing speed and accuracy in baseball and cricket players. Perceptual and
motor skills. 2014; 118(3):637-650. https://doi.org/10.2466/30.PMS.118k25w4

4. Gangloff EJ, Chow M, Leos-Barajas V, Hynes S, Hobbs B, Sparkman AM. Integrating behaviour into
the pace-of-life continuum: Divergent levels of activity and information gathering in fast-and slow-living
snakes. Behavioural processes. 2017; 142:156—163. https://doi.org/10.1016/j.beproc.2017.06.006

5. Wiersma P, Mufioz-Garcia A, Walker A, Williams JB. Tropical birds have a slow pace of life. Proceed-
ings of the National Academy of Sciences. 2007; 104(22):9340-9345. https://doi.org/10.1073/pnas.
0702212104

6. Goldbach C, Hoffmann C, Hoppe J, Pitz T, Thommes K. The fast and the furious—An experimental
investigation of the pace of life and risky speed choice in traffic. PloS one. 2020; 15(7):e0236589.
https://doi.org/10.1371/journal.pone.0236589

7. Rammstedt B, John OP. Measuring personality in one minute or less: A 10-item short version of the Big
Five Inventory in English and German. Journal of research in Personality. 2007; 41(1):203-212. https:/
doi.org/10.1016/j.jrp.2006.02.001

8. Jensen AR. The nature of the black-white difference on various psychometric tests: Spearman’s
hypothesis. Behavioral and Brain Sciences. 1985; 8(2):193-263. https://doi.org/10.1017/
S0140525X00020392

9. Gorman BS, Wessman AE. Images, values, and concepts of time in psychological research. In: The
personal experience of time. Springer; 1977. p. 215-263.

10. Levine RV, Norenzayan A. The pace of life in 31 countries. Journal of Cross-Cultural Psychology. 1999;
30(2):178-205. https://doi.org/10.1177/0022022199030002003

11. Royauté R, Berdal MA, Garrison CR, Dochtermann NA. Paceless life? A meta-analysis of the pace-of-
life syndrome hypothesis. Behavioral Ecology and Sociobiology. 2018; 72(3):1-10.

12. Bergeron P, Pagé A, Trempe M. Integrating humans into pace-of-life studies: The Big Five personality
traits and metabolic rate in young adults. Plos one. 2021; 16(4):e0248876. https://doi.org/10.1371/
journal.pone.0248876

PLOS ONE | https://doi.org/10.1371/journal.pone.0256490  August 20, 2021 13/15


https://doi.org/10.1016/S0749-5978(02)00509-5
https://doi.org/10.2466/30.PMS.118k25w4
https://doi.org/10.1016/j.beproc.2017.06.006
https://doi.org/10.1073/pnas.0702212104
https://doi.org/10.1073/pnas.0702212104
https://doi.org/10.1371/journal.pone.0236589
https://doi.org/10.1016/j.jrp.2006.02.001
https://doi.org/10.1016/j.jrp.2006.02.001
https://doi.org/10.1017/S0140525X00020392
https://doi.org/10.1017/S0140525X00020392
https://doi.org/10.1177/0022022199030002003
https://doi.org/10.1371/journal.pone.0248876
https://doi.org/10.1371/journal.pone.0248876
https://doi.org/10.1371/journal.pone.0256490

PLOS ONE

Hare and Hedgehog

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Zimmerman M. Speed—accuracy tradeoff. Encyclopedia of clinical neuropsychology. 2011; p. 2344.
https://doi.org/10.1007/978-0-387-79948-3_1247

Yamaguchi M, Crump MJ, Logan GD. Speed-accuracy trade-off in skilled typewriting: Decomposing the
contributions of hierarchical control loops. Journal of Experimental Psychology: Human Perception and
Performance. 2013; 39(3):678.

Franks NR, Dornhaus A, Fitzsimmons JP, Stevens M. Speed versus accuracy in collective decision
making. Proceedings of the Royal Society of London Series B: Biological Sciences. 2003; 270
(1532):2457—-2463. https://doi.org/10.1098/rspb.2003.2527

Chittka L, Dyer AG, Bock F, Dornhaus A. Bees trade off foraging speed for accuracy. Nature. 2003; 424
(6947):388-388. https://doi.org/10.1038/424388a

Burns JG, Rodd FH. Hastiness, brain size and predation regime affect the performance of wild guppies
in a spatial memory task. Animal Behaviour. 2008; 76(3):911-922. https://doi.org/10.1016/j.anbehav.
2008.02.017

Abraham NM, Spors H, Carleton A, Margrie TW, Kuner T, Schaefer AT. Maintaining accuracy at the
expense of speed: stimulus similarity defines odor discrimination time in mice. neuron. 2004; 44
(5):865-876. https://doi.org/10.1016/j.neuron.2004.11.017

Heitz RP, Schall JD. Neural mechanisms of speed-accuracy tradeoff. Neuron. 2012; 76(3):616—-628.
https://doi.org/10.1016/j.neuron.2012.08.030

Flehmig HC, Steinborn MB, Westhoff K, Langner R. Neuroticism and Speed-Accuracy Tradeoff in Self-
Paced Speeded Mental Addition and Comparison. Journal of Individual Differences. 2010; 31:130-137.
https://doi.org/10.1027/1614-0001/a000021

Kim M, Lee J. The effects of impulsivity and instruction set on speed—accuracy trade-offs. In: Front Hum
Neurosci.

Benndorf V, Rau HA, Sélch C. Minimizing learning in repeated real-effort tasks. Journal of Behavioral
and Experimental Finance. 2019; 22(343):239-248. https://doi.org/10.1016/}.jbef.2019.04.002

Greiner B. Subject pool recruitment procedures: organizing experiments with ORSEE. Journal of the
Economic Science Association. 2015; 1(1):114-125. https://doi.org/10.1007/s40881-015-0004-4

Williams AW, Walker JM. Computerized laboratory exercises for microeconomics education: Three
applications motivated by experimental economics. The Journal of Economic Education. 1993; 24
(4):291-315. https://doi.org/10.2307/1183043

Vazquez-Cognet JJ. The production of mathematical problems: A diminishing marginal returns experi-
ment. International Review of Economics Education. 2008; 7(1):103—116. https://doi.org/10.1016/
S1477-3880(15)30093-1

Ariely D, Bracha A, Meier S. Doing good or doing well? Image motivation and monetary incentives in
behaving prosocially. American Economic Review. 2009; 99(1):544-55. https://doi.org/10.1257/aer.99.
1.544

Fischbacher U. z-Tree: Zurich toolbox for ready-made economic experiments. Experimental econom-
ics. 2007; 10(2):171-178. https://doi.org/10.1007/s10683-006-9159-4

Kirkcaldy B, Furnham A, Levine R. Attitudes and personality correlates of a nation’s pace of life. Journal
of Managerial Psychology. 2001; 16. https://doi.org/10.1108/02683940110366551

Bornstein MH, Bornstein HG. The pace of life. Nature. 1976; 259(5544):557-559. https://doi.org/10.
1038/259557a0

Steinborn MB, Langner R, Flehmig HC, Huestegge L. Methodology of performance scoring in the d2
sustained-attention test: Cumulative-reliability functions and practical guidelines. Psychological Assess-
ment. 2018; 30(3):339. https://doi.org/10.1037/pas0000482

Haltiwanger JC, Lane JI, Spletzer J. Productivity Differences across Employers: The Roles of Employer
Size, Age, and Human Capital. American Economic Review. 1999; 89(2):94—98. https://doi.org/10.
1257/aer.89.2.94

Neumark D, Troske K, Hellerstein J. Wages, Productivity, and Worker Characteristics: Evidence from
Plant-Level Production Functions and Wage Equations. Journal of Labor Economics. 1999; 17:409—46.
https://doi.org/10.1086/209926

Aubert P, Caroli E, Roger M. New technologies, organisation and age: firm-level evidence. The Eco-
nomic Journal. 2006; 116(509):F73—-F93. https://doi.org/10.1111/j.1468-0297.2006.01065.x

Temin P. Socialism and Wages in the Recovery from the Great Depression in the United States and
Germany. The Journal of Economic History. 1990; 50(2):297—-307. https://doi.org/10.1017/
S0022050700036445

Gunawan H, Amalia R. Wages and Employees Performance: The Quality of Work Life as Moderator.
International Journal of Economics and Financial Issues. 2015; 5:349-353.

PLOS ONE | https://doi.org/10.1371/journal.pone.0256490  August 20, 2021 14/15


https://doi.org/10.1007/978-0-387-79948-3_1247
https://doi.org/10.1098/rspb.2003.2527
https://doi.org/10.1038/424388a
https://doi.org/10.1016/j.anbehav.2008.02.017
https://doi.org/10.1016/j.anbehav.2008.02.017
https://doi.org/10.1016/j.neuron.2004.11.017
https://doi.org/10.1016/j.neuron.2012.08.030
https://doi.org/10.1027/1614-0001/a000021
https://doi.org/10.1016/j.jbef.2019.04.002
https://doi.org/10.1007/s40881-015-0004-4
https://doi.org/10.2307/1183043
https://doi.org/10.1016/S1477-3880(15)30093-1
https://doi.org/10.1016/S1477-3880(15)30093-1
https://doi.org/10.1257/aer.99.1.544
https://doi.org/10.1257/aer.99.1.544
https://doi.org/10.1007/s10683-006-9159-4
https://doi.org/10.1108/02683940110366551
https://doi.org/10.1038/259557a0
https://doi.org/10.1038/259557a0
https://doi.org/10.1037/pas0000482
https://doi.org/10.1257/aer.89.2.94
https://doi.org/10.1257/aer.89.2.94
https://doi.org/10.1086/209926
https://doi.org/10.1111/j.1468-0297.2006.01065.x
https://doi.org/10.1017/S0022050700036445
https://doi.org/10.1017/S0022050700036445
https://doi.org/10.1371/journal.pone.0256490

PLOS ONE

Hare and Hedgehog

36.

37.

38.

39.

40.
41.

42,

Robb AM, Watson J. Gender differences in firm performance: Evidence from new ventures in the United
States. Journal of Business Venturing. 2012; 27(5):544-558. https://doi.org/10.1016/j.jousvent.2011.
10.002

Roth PL, Purvis KL, Bobko P. A meta-analysis of gender group differences for measures of job perfor-
mance in field studies. Journal of Management. 2012; 38(2):719-739. https://doi.org/10.1177/
0149206310374774

Bonte W, Krabel S. You can’t always get what you want: Gender differences in job satisfaction of univer-
sity graduates. Applied Economics. 2014; 46(21):2477-2487. https://doi.org/10.1080/00036846.2014.
899677

Cieciuch J, taguna M. The Big Five and beyond: Personality traits and their measurement. Roczniki
Psychologiczne / Annals of Psychology. 2014; 17(2):249-257.

Matthews G, Deary IJ, Whiteman MC. Personality traits. Cambridge University Press; 2003.

Levine RV, Bartlett K. Pace of life, punctuality, and coronary heart disease in six countries. Journal of
Cross-Cultural Psychology. 1984; 15(2):233-255. https://doi.org/10.1177/0022002184015002009

Bettencourt LMA, Lobo J, Helbing D, Kiihnert C, West GB. Growth, innovation, scaling, and the pace of
life in cities. Proceedings of the National Academy of Sciences of the United States of America. 2007;
104(17):7301-73086. https://doi.org/10.1073/pnas.0610172104

PLOS ONE | https://doi.org/10.1371/journal.pone.0256490  August 20, 2021 15/15


https://doi.org/10.1016/j.jbusvent.2011.10.002
https://doi.org/10.1016/j.jbusvent.2011.10.002
https://doi.org/10.1177/0149206310374774
https://doi.org/10.1177/0149206310374774
https://doi.org/10.1080/00036846.2014.899677
https://doi.org/10.1080/00036846.2014.899677
https://doi.org/10.1177/0022002184015002009
https://doi.org/10.1073/pnas.0610172104
https://doi.org/10.1371/journal.pone.0256490

