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Influence of Different Performance Levels
on Pacing Strategy During the Women’s World
Championship Marathon Race

Andrew Renfree and Alan St Clair Gibson

Purpose: To analyze pacing strategies displayed by athletes achieving differing levels of performance during
an elite-level marathon race. Methods: Competitors in the 2009 IAAF Women’s Marathon Championship were
splitinto groups 1, 2, 3, and 4 comprising the first, second, third, and fourth 25% of finishers, respectively. Final,
intermediate, and personal-best (PB) times of finishers were converted to mean speeds, and relative speed (%
of PB speed) was calculated for intermediate segments. Results: Mean PB speed decreased from groups 1 to
4, and speeds maintained in the race were 98.5% =+ 1.8%, 97.4% + 3.2%, 95.0% + 3.1%, and 92.4% + 4.4% of
PB speed for groups 1-4 respectively. Group 1 was fastest in all segments, and differences in speed between
groups increased throughout the race. Group 1 ran at lower relative speeds than other groups for the first two
5-km segments but higher relative speeds after 35 km. Significant differences (P < .01) in the percentage of
PB speed maintained were observed between groups 1 and 4 and groups 2 and 4 in all segments after 20 km
and groups 3 and 4 from 20 to 25 km and 30 to 35 km. Conclusions: Group 1 athletes achieved better finishing
times relative to their PB than athletes in other groups, who selected unsustainable initial speeds resulting in
subsequent significant losses of speed. It is suggested that psychological factors specific to a major competi-
tive event influenced decision making by athletes, and poor decisions resulted in final performances inferior
to those expected based on PB times.
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Pacing is a fundamental requirement of competitive
endurance performance! that has been widely docu-
mented in numerous athletic disciplines in recent years.
Previous research has investigated mechanisms under-
pinning the selection and maintenance of an appropriate
strategy? and described strategies adopted by athletes
during competition in running,>* cycling,>¢ speed skat-
ing,” rowing,%? and triathlon.!® Although there is some
evidence that individuals may have uniquely optimal
pacing strategies,!! a consistent finding in endurance
events lasting more than 2 minutes is that athletes start
quickly, slow through the middle stages, and then pro-
duce an acceleration, or “end spurt,” in the final stages,
an observation that has been shown to be repeatable!!3
in cycling and provides evidence for the existence of a
control system that regulates muscle work rate to maintain
physiological homeostas. !4

Although pacing strategies of athletes in a variety
of sports have been described,!> a common feature of
many studies is a focus on successful or winning athletes.
Through retrospective analysis of race-performance data,
Tucker et al®> demonstrated a consistent strategy in 32
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and 34 world-record performances in the 5000-m and
10,000-m running events, respectively. Similarly, Noakes
et al* demonstrated that in the previous 32 world-record
performances in the 1-mile run, mean times for the second
and third laps were both significantly slower than for the
first or final laps but that there were no significant differ-
ences between first and last lap times.

Although pacing has been suggested to be regulated
through complex centrally regulated processes, ! there is
also evidence that the selected strategy can be influenced
by psychological factors that alter the perception of the
current muscle work rate.!” The rating of perceived exer-
tion (RPE)'® and the psychological construct of affect!®
have been suggested to be important regulators of muscle
work rate during self-paced exercise, and both have been
demonstrated to be influenced by other factors that are
pertinent when considering direct competition between
groups of athletes. Carver and Scheier?® emphasized the
importance of perceived progress toward a goal in the
generation of the affective response, and Gaudreau et al?!
reported that the discrepancy between goal performance
and actual performance also influences the affective
response. One can therefore hypothesize that the presence
of direct competitors (who may have superior physiologi-
cal potential) striving to achieve the same outcome goals
may interfere with psychological factors implicated in the
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regulation of pacing. Any interference would be expected
to negatively influence the ability of some competitors
to effectively regulate their muscle work rates over the
duration of the event. Although there is some consensus
regarding pacing strategies displayed by successful
athletes, little information is available in the literature
on strategies displayed by less successful competitors.
Howeyver, there are sound theoretical reasons for suggest-
ing there is the potential for interference with proposed
regulatory processes in athletes of differing performance
levels engaged in direct competition. In addition, it would
seem conceivable that tactical considerations that are
less relevant in laboratory-based time trials or deliberate
record attempts may have greater influence on pacing
profiles in a competitive event where rewards are based
on finishing position rather than finishing time.?> The
aim of this study was therefore to analyze overall pacing
strategies displayed by successful and less successful elite
athletes during a competitive running event.

Methodology

A quasi-experimental design was used to address the
aims of the study. Final results and intermediate split
times (individual 5-km segments and final 1.195 km)
of all finishers (N = 60) in the women’s marathon event
at the 2009 TAAF World Athletic Championships were
accessed via the championship Web site (http://berlin.
iaaf.org/documents/pdf/3658/AT-MAR-W-F-1-.RS5.
pdf), along with personal-best (PB) performances at the
time of the competition for all competitors. Data from the
men’s event at the championship were not incorporated
in the analysis, as March et al>}> demonstrated gender
differences in pacing ability during marathon running.
As speeds are more symmetric, normally distributed, and
linearly related to other variables,> times were converted
to average running speeds (m/s).

Competitors were split into 4 groups depending on
finishing position. Groups 1, 2, 3, and 4 comprised the
first, second, third, and fourth 25% of finishers, respec-
tively. Average absolute speed maintained in both PB

performances and during the World Championship event
was calculated for all groups, along with relative speed
expressed as a percentage of average speed maintained
during PB performances. The same methods were used
to calculate absolute and relative speeds during each
intermediate segment of the race. The percentage change
in speed relative to the first 5-km split was also calculated
for each group to display the magnitude of changes in
speed throughout the race.?

Pearson product-moment correlation was used to
assess the relationship between speeds maintained in
the race and in PB performances, and the coefficient of
variation was calculated to indicate segment-to-segment
variability in running speed for each group throughout the
race. One-way analysis of variance (ANOVA) was used
to identify differences in overall performance character-
istics (overall PB and race speeds), and 2-way ANOVA
followed by the Bonferroni post hoc test was used to
identify significant differences in speed between groups
in each intermediate segment. Statistical significance was
accepted at the P < .05 level, and analyses were performed
using IBM SPSS version 19 software.

Results

There was a noticeable relationship between PB time and
the group in which each competitor finished. Average
speed maintained during PB performances of finishers
decreased from group 1 to group 4 (Figure 1; P < .0001,
N2 =.380). Group 1 PB speeds were significantly faster
than groups 3 and 4 (both P < 0.001), and group 2’s were
significantly faster than group 4’s (P = .017). The cor-
relation coefficient between mean race speed and mean
PB speed was r = .62.

Group 1 athletes recorded finishing times that were
closer to their PB performances than athletes in other
groups (Figure 2; P < .0001,m,>=.351). Group 1 athletes
maintained 98.5% + 1.8% of the speed achieved in their
PB performance, and this decreased to 97.4% + 3.2%),
95.9% + 3.1%, and 92.4% + 4.4% for groups 2, 3, and
4, respectively. Statistically significant reductions in the
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Figure 1 — Mean personal-best (PB) running speed in groups 1-4. *Significant difference between groups (P < .05).
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percentage of PB speed maintained over the race were
found between groups 1 and 4 (P <.001),2 and 4 (P =
.001), and 3 and 4 (P = .025).

The outcome of these differences in ability to rep-
licate PB performance in the competitive event was that
athletes in groups 2, 3, and 4 finished farther behind group
1 athletes than comparison of PB times would suggest.
The mean differences between expected time behind
group 1 athletes (as predicted by PB performances) and
actual time behind were 104.6 seconds for group 2, 254.7
seconds for group 3 (P = 0.005), and 643.3 seconds for
Group 4 (P < .001).

Assessment of mean running speed during con-
secutive 5-km segments indicates differences in pacing
strategies employed by competitors who finished in
different groups (Figure 3). Comparison of absolute run-
ning speeds reveals that group 1 athletes were faster than
athletes in other groups in all segments from the outset
of the race and also displayed less segment-to-segment
variability in speed. The coefficient of variation for
mean speed over intermediate segments increased from
1.87% to 3.70%, 4.88%, and 8.14% for athletes finish-
ing in groups 1, 2, 3, and 4, respectively. Differences in
speed between groups continually increased as the race
progressed. Group 1 athletes were significantly faster
than group 4 athletes in all intermediate stages (all P <
.001 other than P = .007 between 20 and 25 km and P =
.003 between 30 and 35 km); group 3 from 5 to 10 km
(P =.014), 10 to 20 km (P < .001), and 35 km onward
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(P <.001); and group 2 from 35 to 40 km (P < .001) and
40 km onward (P = .002).

Although absolute speed was highest in group 1
athletes from the beginning of the race, the opposite
is true of speeds relative to PB performances (Figure
4). Group 1 athletes ran at a lower percentage of PB
speed than competitors in other groups for the first and
second 5-km segments, whereas they were running at a
higher percentage than other groups from 35 km onward.
Whereas group 1 ran at 97.1% + 1.8% of PB speed during
this segment, groups 3 and 4 were running at 102.5% +
3.7% and 103.5% = 3.5%, respectively (both P < .001).
However, group 1 was significantly faster than group 3
from 25 to 30 km (P < .001), 35 to 40 km (P = .02), and
40 km onward (P = .016) and faster than group 4 from
20 to 25 km (P = .038), 25 to 30 km (P < .001), and 35
km onward (P < .001).

Analysis of the magnitude of changes in speed
relative to the first 5 km indicates clear differences in
the overall strategies displayed by each group. Whereas
group 1 ran faster than the mean speed displayed in the
first 5 km in all subsequent segments, groups 2, 3, and 4
ran slower in all segments from 15 km, 5 km, and 10 km,
respectively. All groups (other than group 1, who were
running 0.7% faster than initial 5-km speed) displayed
the greatest reduction in speed between 35 and 40 km.
During this segment, speeds were 8.8%, 12.0%, and 18%
slower than those achieved in the first 5 km for groups 2,
3, and 4, respectively. Although group 1 did not record
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Figure 2 — Time behind personal best and finishing time of group 1 athletes for groups 2—4. *Significant difference between

personal best and finishing times behind group 1 (P < .01).
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Figure 3 — Mean running speed in each intermediate 5-km segment (error bars and statistical significance removed for clarity).
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a statistically significant change in speed relative to the
first 5 km during any individual segment of the race, all
other groups recorded segments where their changes in
speed were much greater than those experienced by group
1. In group 2 these differences occurred late in the race
between 35 and 40 km (P = .003) and 40 to 42 km (P =
.019), whereas they occurred much earlier for groups 3
and 4. Group 3 produced changes in speed of a greater
magnitude than those by group 1 from 5 to 10 km (P =
.002), 10 to 15 km (P < .001), 30 to 35 km (P = .002),
and 35 km onward (P < .001). Magnitude of changes in
speed displayed by group 4 were greater than group 1
in all segments other than between 20 and 25 km (P =
.040 from 5 to 10 km and P = .002 from 25 to 30 km; all
others are P < .001).

Discussion

The results of this investigation demonstrate that during
the 2009 World Championship women’s marathon event,
there were differences in pacing strategies displayed by
successful and less successful athletes. It is evident that
strategies adopted by the most successful athletes resulted
in better relative performances than those in other groups,
as they achieved finishing times closer to their PBs.
These different strategies effectively resulted in
underperformance by athletes finishing in lower posi-
tions as they recorded times farther behind group 1 than
comparison of PBs suggests should be the case. In addi-
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tion to the impact on finishing time, underperformance
by groups 2, 3, and 4 had potentially major implications
for finishing position in the race. If all other competitors
had performed in the manner reported, a relative level
of performance similar to those achieved by group 1
(completion of the race at 98.5% of PB speed) would
have seen an improvement of 4.1 + 2.1, 10.7 £ 3.5, and
20.9 + 7.8 positions for individual athletes in groups 2,
3, and 4, respectively.

Closer inspection of speeds throughout the race
illustrates that a likely explanation for the relative
underperformance of groups 2, 3, and 4 was selection
of initial speeds that were unsustainable for the entire
distance. This resulted in later significant reductions in
speed (Figures 3, 4, and 5) and an overall pacing profile
characterized by a positive split (second half of the race
being slower than the first). As it has been demonstrated
that performance in longer-duration events is likely to be
optimized by a negative pacing strategy with an increase
in power output or speed at the end of the event,! it
would appear that these inappropriate initial work rates
compromised the ability to fully realize physiological
performance potential.

Analysis of the percentage changes in running speed
relative to the initial 5 km reveals important differences
between groups. Groups 2, 3, and 4 all displayed sub-
stantial reductions in speed as the race progressed, and
the magnitude of these reductions increased the farther
each group finished behind Group 1. The overall profiles
displayed by groups 2 to 4 are similar to that presented
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Figure 4 — Relative speed for each 5-km segment (error bars and statistical significance removed for clarity).
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Figure 5 — Changes in speed relative to initial 5 km (error bars and statistical significance removed for clarity).



by Vernillo et al,?> who analyzed the pacing strategy dis-
played during a failed attempt at the 5-km race-walking
world record. In both the failed record attempt and groups
2 to 4 in this analysis, the greatest reduction in speed was
displayed in the penultimate segment analyzed, before
acceleration in the final segment. This suggests that even
though athletes had experienced significant reductions
in muscle work rate, they still maintained some degree
of physiological reserve capacity until the final stages
of the event.!4

The reductions in speed identified in this analysis are
of a greater magnitude than those described by Vernillo
et al.?> Whereas the greatest deviation in initial speed
observed during the race walking event was 3.57%, in this
event groups 2, 3, and 4 displayed reductions in speed of
8.8%, 12.0%, and 18%, respectively, a finding that could
be partly a result of the longer duration of the race and
consequent greater degree of physiological disruption
incurred. However, because the magnitude of reductions
increased the farther athletes finished behind the leaders,
it would appear that the discrepancy between the speed
that was initially selected and what physiological capaci-
ties could sustain also increased. Given that Hopkins and
Hewson?% have reported a typical coefficient of variation
for the competitive performance of national-level distance
runners of ~2.5% in half- and full-marathon races, it is
clear that most competitors in the event had very small
likelihoods of winning the race or finishing close to the
medal positions. This raises the interesting question of the
underpinning motivational factors in athletes unlikely to
finish in the leading positions. The relatively slow initial
speeds in group 1 athletes may be explained by tactical
considerations that are important in such a championship
event, where rewards are based on finishing position as
opposed to finishing time.?> Due to gender differences in
competitiveness and win orientation,?” it is particularly
interesting that these findings have been made in an all-
female event. As males typically display higher levels
of competitiveness than females, it may be expected
that differences in pacing profiles between competitors
achieving differing relative levels of success may be more
pronounced in an all-male event.

Regardless of athletes’ underpinning motivational
drives, the pacing profiles of athletes outside group 1
demonstrate that overall outcome was compromised by
initial speeds that were too high. This is emphasized by
the finding that although speeds for groups 3 and 4 were
above mean PB speed for the first 10 km of the race, over-
all speeds in these groups represented only 95.9% + 3.1%
and 92.4% + 4.4%, respectively. Although it is acknowl-
edged that individuals may have uniquely optimal pacing
strategies,!! it is clear that the general strategies adopted
by groups 2 to 4 were not optimal because relative levels
of performance were inferior to those achieved by group
1. Of particular interest are the mechanisms underpinning
the selection of these unsustainable work rates in the
early stages of the race. Tucker!8 proposed that the RPE
is used to mediate muscle work rate in a feed-forward
anticipatory manner, and Renfree et al'® suggest that the

IJSPP’s Explosive Growth 283

psychological construct of affect may be the primary
mediator of pacing strategy. Regardless of the precise
mechanisms governing the selection of work rate in the
initial stages of an exercise bout, it seems that during the
2009 women’s World Championship event, some other
factors interfered with the ability of finishers in groups
2, 3, and 4 to select appropriate initial running speeds.

RPE and the affective response during exercise have
been demonstrated to be relevant factors when consider-
ing direct competition between large groups of athletes.
For example, St Clair Gibson et al? suggested that RPE
may be influenced by both the presence of crowd support
and current performance relative to other competitors.
Hall et al?® demonstrated that individuals displaying high
levels of approach motivation underestimate RPE at low
intensities, but during maximal exercise sensory cues
relating to physiological status dominate over psychologi-
cal factors. It would therefore appear possible that during
the early stages of the race, a number of psychological
factors could have led to overestimation of performance
ability and therefore selection of unsustainable running
speeds in group 2, 3, and 4 athletes. However, as the race
progressed, greater levels of physiological disruption
would have led to the domination of physiological cues
and the necessity to reduce speed to prevent the possibility
of catastrophic physiological system failure.

Although a limitation of these data are that psy-
chological parameters cannot be measured during the
course of a competitive event of this kind, it can also
be suggested that poor decision making (with regard to
the selection of an appropriate initial speed) occurred
in the case of group 2, 3, and 4 athletes. Slovic et al?
propose that when decision making is complex or mental
resources are limited, using an overall affective impres-
sion is easier and more efficient than performing a rational
analysis of the various options available. The affective
response is generated as a result of simple assessment of
the relative perceived risks and benefits of a behavior. If
perceived benefits outweigh perceived risks the overall
response is positive, whereas the response is negative if
risks are perceived to outweigh benefits. When faced with
a range of possible decisions, individuals will pick the
option that results in the most positive affective response.
If decisions in a sporting environment are indeed made in
this manner, then to increase the likelihood of them being
successful there is clearly a requirement for accurate
assessment of both benefit and risk incurred by possible
actions. Epstein®® suggests that risk assessment results
from a dual processing system, the rational, which oper-
ates via established rules of logic and evidence, and the
experiential, which encodes reality by way of images and
metaphors to which affective feelings are attached. Later
work3! suggests that the experiential system dominates
and that, on most occasions, individuals follow a strategy
of imaging positive outcomes while neglecting negative
ones, as these are more likely to convey positive affect that
subsequently motivates choice. With regard to deciding
what initial work rate to select during a competitive ath-
letic event, it would therefore seem conceivable that the



284 Foster

decision a competitor is most likely to make is to follow
the pace set by the leading athletes. To do otherwise may
more likely convey images of negative outcomes, espe-
cially if athletes perceive themselves to be performing
poorly relative to their expected result in terms of either
finishing time or position relative to their competitors.

This suggestion that the decision an athlete is most
likely to make regarding the selection of an initial work
rate during a competitive event is to simply follow the
behavior of direct competitors is in line with the “herd
principle” that has been previously identified in business
and organizational settings.??33 This model suggests
that the easiest decision to make is to do exactly the
same as other individuals in the same environment, as
to do otherwise is perceived to entail a high degree of
risk, even if objective analysis suggests that this is not
necessarily true. The data presented in this paper indicate
that for many of the competitors decisions made in the
early stages of the race were poor, as there was a large
discrepancy between the chosen initial work rates and
the work rates that could be maintained. The differences
in PB performances between groups and the significant
reductions in speed by group 3 and 4 athletes in particular
indicate that initial speeds were beyond those that their
physiological capacities would allow.

Practical Applications

This analysis generates some important practical appli-
cations for competitive athletes, as well as identifying
avenues for future research. For athletes competing in
similar championship events, it is clear that the pacing
strategy selected has a major influence on the final result
achieved. If athletes who (on the basis of PB perfor-
mances) appear unlikely to realistically challenge for the
first few finishing positions are able to realize the same
relative fraction of their performance potential as the lead-
ing athletes through the adoption of similar, more even,
pacing strategies, they will be able to record faster times
and finish ahead of athletes with superior physiological
capacities who paced themselves less effectively.

In terms of future research, the current article can
only speculate as to the possible mechanisms underpin-
ning the selection of inappropriate initial running speeds
by the majority of competitors in this event. Further work
should investigate the precise factors underpinning the
selection of pacing strategies in similar events. This may
lead to the development of interventions that increase the
likelihood of more successful decision making and the
realization of a greater fraction of physiological perfor-
mance potential. It should be emphasized that this was
a championship event where achievement of a fast time
is typically of secondary importance to overall finishing
position. It would be interesting to perform similar analy-
ses in the major city marathons where reward is based
partly on finishing time, a factor that may well influence
competitors’ goal setting and strategic planning. Although
we identify an overall trend when we look across the
competitors in the race as a whole, we do acknowledge

that tactical factors in Group 1 athletes possibly influence
individual pacing profiles displayed. Therefore, analysis
of amore homogeneous group of competitors may allow
greater understanding of the factors influencing tactical
decision making. In addition, men’s championship events
should be analyzed to identify gender differences in the
ability to select the most appropriate pacing strategies.

References

1. Foster C, Snyder AC, Thompson NN, Green MA, Foley M,
Schrager M. Effect of pacing strategy on cycle time trial
performance. Med Sci Sports Exerc. 1993;25:383-388.
PubMed

2. St Clair Gibson A, Lambert EV, Rauch LHG, et al. The
role of information processing between the brain and
peripheral physiological systems in pacing and percep-
tion of effort. Sports Med. 2006;36(8):705-722. PubMed
doi:10.2165/00007256-200636080-00006

3. Tucker R, Lambert MI, Noakes TD. An analysis of pacing
strategies during men’s world-record performances in track
athletics. Int J Sports Physiol Perform.2006;1(3):233-245.
PubMed

4. Noakes TD, Lambert MI, Hauman R. Which lap is the
slowest? an analysis of 32 world mile record perfor-
mances. Br J Sports Med. 2009;43(10):760-764. PubMed
doi:10.1136/bjsm.2008.046763

5. Hettinga FJ, De Koning JJ, Meijer E, Teunissen L,
Foster C. Effect of pacing strategy on energy expendi-
ture during a 1500-m cycling time trial. Med Sci Sports
Exerc. 2007;39(12):2212-2218. PubMed doi:10.1249/
mss.0b013e318156e8d4

6. Jones AM, Wilkerson DP, Vanhatalo A, Burnley M.
Influence of pacing strategy on O2 uptake and exercise
tolerance. Scand J Med Sci Sports. 2008;18(5):615-626.
PubMed doi:10.1111/j.1600-0838.2007.00725.x

7. Muehlbauer T, Panzer S, Schindler C. Pacing pattern and
speed skating performance in competitive long-distance
events. J Strength Cond Res. 2010;24(1):114-119.
PubMed doi:10.1519/JSC.0b013e3181c6a04a

8. Garland SW. An analysis of the pacing strategy
adopted by elite competitors in 2000 m rowing. Br J
Sports Med. 2005;39(1):39—-42. PubMed doi:10.1136/
bjsm.2003.010801

9. Muehlbauer T, Schindler T, Widmer A. Pacing pat-
tern and performance during the 2008 Olympic
rowing regatta. Eur J Sport Sci. 2010;10(5):291-296.
doi:10.1080/17461390903426659

10. Le Meur Y, Hausswirth C, Dorel S, Bignet F, Brisswalter
J, Bernard T. Influence of gender on pacing adopted by
elite triathletes during a competition. Eur J Appl Physiol.
2009;106(4):535-545. PubMed doi:10.1007/s00421-009-
1043-4

11. Foster C, Green MA, Snyder AC, Thompson NN.
Physiological responses during simulated competi-
tion. Med Sci Sports Exerc. 1993;25:877-882. PubMed
doi:10.1249/00005768-199307000-00018

12. Stone MR, Thomas K, Wilkinson M. Consistency of
perceptual and metabolic responses to a laboratory-based


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8455455&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8455455&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16869711&dopt=Abstract
http://dx.doi.org/10.2165/00007256-200636080-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19116437&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19116437&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18424483&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2008.046763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18046193&dopt=Abstract
http://dx.doi.org/10.1249/mss.0b013e318156e8d4
http://dx.doi.org/10.1249/mss.0b013e318156e8d4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18067518&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18067518&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0838.2007.00725.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19924002&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19924002&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181c6a04a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15618339&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2003.010801
http://dx.doi.org/10.1136/bjsm.2003.010801
http://dx.doi.org/10.1080/17461390903426659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19340453&dopt=Abstract
http://dx.doi.org/10.1007/s00421-009-1043-4
http://dx.doi.org/10.1007/s00421-009-1043-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8350712&dopt=Abstract
http://dx.doi.org/10.1249/00005768-199307000-00018

13.

14.

15.

16.

17.

18.

19.

20.

21.

simulated 4,000-m cycling time trial. Eur J Appl Physiol.
2011;111(8):1807-1813. PubMed doi:10.1007/s00421-
010-1818-7

Thomas K, Stone M, Thompson KG. Reproducibility
of pacing strategy during simulated 20-km cycling
time trials in well-trained cyclists. Eur J Appl Physiol.
2012;112(1):223-229. PubMed doi: 10.1007/s00421-011-
1974-4

St Clair Gibson A, Noakes TD. Evidence for complex
system integration and dynamic neural regulation of
skeletal muscle recruitment during exercise in humans.
BrJ Sports Med. 2004;38:797-806. PubMed doi: 10.1136/
bjsm.2003.009852

Abbiss CR, Laursen PB. Describing and understanding
pacing strategies during athletic competition. Sports Med.
2008;38(3):239-252. PubMed doi:10.2165/00007256-
200838030-00004

Noakes TD, St Clair Gibson A, Lambert EV. From
catastrophe to complexity: a novel model of integrative
central neural regulation of effort and fatigue during
exercise in humans: summary and conclusions. Br J
Sports Med. 2005;39:120-124. PubMed doi:10.1136/
bjsm.2003.010330

Baden DA, Warwick-Evans LA, Lakomy J. Am I nearly
there? the effect of anticipated running distance on
perceived exertion and attentional focus. J Sport Exerc
Psychol. 2004;27:215-231.

Tucker R. The anticipatory regulation of performance:
the physiological basis for pacing strategies and the
development of a perception-based model for exercise
performance. BrJ Sports Med. 2009;43:392-400. PubMed
doi:10.1136/bjsm.2008.050799

Renfree A, West J, Corbett M, Rhoden C, St Clair Gibson
A. Complex interplay between the determinants of pacing
and performance during 20-km cycle time trials. Int J
Sports Physiol Perform. 2012;7(2):121-129. PubMed
Carver CS, Scheier MF. On the Self-Regulation of Behav-
iour. New York: Cambridge University Press; 1998.
Gaudreau P, Blondin JP, Lapierre AM. Athletes’ coping
during competition: relationship of coping strategies with
positive affect, negative affect, and performance-goal
discrepancy. Psychol Sport Exerc. 2002;3(2):125-150.
doi:10.1016/S1469-0292(01)00015-2

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

IJSPP’s Explosive Growth 285

Thiel C, Foster C, Banzer W, De Koning J. Pacing in Olym-
pic track races: competitive tactics versus best performance
strategy [published online ahead of print, 2012]. J Sports
Sci. PubMed

March DS, Vanderburgh PM, Titlebaum PJ, Hoops ML.
Age, sex, and finish time as determinants of pacing in the
marathon. J Strength Cond Res. 2011;25(2):386-391.
PubMed doi:10.1519/JSC.0b013e3181bffdOf

Nevill AM, Whyte G. Are there limits to running world
records? Med Sci Sports Exerc. 2005;37(10):1785-1788.
PubMed doi:10.1249/01.mss.0000181676.62054.79
Vernillo G, Piacentini MF, Drake A, Agnello L, Fiorella
P, La Torre A. Exercise intensity and pacing strategy of a
5-km indoor race walk during a world record attempt: a
case study. J Strength Cond Res. 2011;25(7):2048-2052.
PubMed doi:10.1519/JSC.0b013e3181e4{78e

Hopkins WG, Hewson DJ. Variability of competitive
performance of distance runners. Med Sci Sports Exerc.
2001;33(9):1588-1592. PubMed doi:10.1097/00005768-
200109000-00023

Gill DL. Gender differences in competitive orientation and
sports participation. Int J Sport Psychol. 1988;19(2):145—
159.

Hall EE, Ekkekakis P, Petruzzello SJ. Is the relationship
of RPE to psychological factors intensity dependent?
Med Sci Sports Exerc. 2005;37(8):1365—-1373. PubMed
doi:10.1249/01.mss.0000174897.25739.3¢

Slovic P, Peters E, Finucane ML, MacGregor DG.
Affect, risk, and decision making. Health Psychol.
2005;24(4, Suppl):S35-S40. PubMed doi:10.1037/0278-
6133.24.4.835

Epstein S. Integration of the cognitive and psychodynamic
unconscious. Am Psychol. 1994;49:709-724. PubMed
doi:10.1037/0003-066X.49.8.709

Denes-Raj V, Epstein S. Conflict between intuitive and
rationale processing: when people behave against their
better judgement. J Pers Soc Psychol. 1994;66:819-829.
PubMed doi:10.1037/0022-3514.66.5.819

Banerjee AV. A simple model of herd behaviour. Q J Econ.
1992;107(3):797-817. doi:10.2307/2118364

Hastie R. Problems for judgement and decision
making. Annu Rev Psychol. 2001;52:653—-683. PubMed
doi:10.1146/annurev.psych.52.1.653


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21222130&dopt=Abstract
http://dx.doi.org/10.1007/s00421-010-1818-7
http://dx.doi.org/10.1007/s00421-010-1818-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21533808&dopt=Abstract
http://dx.doi.org/10.1007/s00421-011-1974-4
http://dx.doi.org/10.1007/s00421-011-1974-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15562183&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2003.009852
http://dx.doi.org/10.1136/bjsm.2003.009852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18278984&dopt=Abstract
http://dx.doi.org/10.2165/00007256-200838030-00004
http://dx.doi.org/10.2165/00007256-200838030-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15665213&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2003.010330
http://dx.doi.org/10.1136/bjsm.2003.010330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19224911&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2008.050799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22173069&dopt=Abstract
http://dx.doi.org/10.1016/S1469-0292(01)00015-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22738897&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20224445&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20224445&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181bffd0f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16260981&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16260981&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000181676.62054.79
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21701290&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21701290&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181e4f78e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11528349&dopt=Abstract
http://dx.doi.org/10.1097/00005768-200109000-00023
http://dx.doi.org/10.1097/00005768-200109000-00023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16118584&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000174897.25739.3c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16045417&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.24.4.S35
http://dx.doi.org/10.1037/0278-6133.24.4.S35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8092614&dopt=Abstract
http://dx.doi.org/10.1037/0003-066X.49.8.709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8014830&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8014830&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.66.5.819
http://dx.doi.org/10.2307/2118364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11148321&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.52.1.653

