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Momentum and Elite Performance
Seppo E. Iso-Ahola* and Charles O. Dotson
Department of Kinesiology, University of Maryland, College Park, MD, USA
A new theory proposes that initial success increases the
likelihood of subsequent success by creating three types of
momentum effects: frequency, intensity and duration. Using a
large data set (11,015 tournament results from four
consecutive PGA Tour seasons), the present study is the first
to examine these three effects and the relationship between
momentum and elite performance. Results showed that
performance successes measured with four outcome
variables PDNLQJ D ³FXW´ top 30, 20, 10 finishes) not only
occurred in sequence, rather than randomly, but that higherranked players were able to put together more frequent and
more lasting strings of successful performances. They also
bounced back faster as indicated by shorter durations of
missed cuts, top 30, 20 and 10 performances. The data
suggest that better players are in part better because they
create more occurrences of momentum and ride them longer.
When these momentum influences were removed from
regressions analysis, eta squares were reduced to trivial effect
sizes, thereby demonstrating the powerful effect of momentum
and simultaneously ruling out any meaningful role for
randomness. As a whole, the results support the theory and
suggest that momentum is a force that explains elite
performance and the way in which better players consistently
achieve better results than lower-ranked competitors.
Although the analyses were based on overt indicators of
behavioral momentum, it is noted that the causes and effects
of momentum are psychological. Momentum affects and is
affected by conscious and nonconscious cognitions and
thoughts.

likelihood of final success or winning (intensity effect); and the
performer whose momentums last longer is more likely to win or
be successful (duration effect).The purpose of this present, first of
its kind, ³XQREWUXVLYH´  VWXG\ ZDV WR WHVW WKH Easic tenet of the
theory and examine the way it is manifested in these three forms
of behavioral momentum .
Competitive sports provide good settings for testing
momentum HIIHFWV7KHEHOLHILQPRPHQWXP¶V influence is strong
as over 90% of sports fans (11) and coaches (4) believe that
performance success is critically determined by momentum. More
so, players themselves believe in the power of momentum as a
single successful shot is sufficient to considerably elevate NBA
SOD\HUV¶ OLNHOLKRRG RI WDNLQJ WKH QH[W team shot (12), reflecting
WKHLUWHQGHQF\WRFKDQJHWKHLUEHKDYLRUDQG³RYHUJHQHUDOL]H´IURP
one successful performance to future actions (13). The PGA Tour
is another elite performance setting and a good field laboratory
where momentum can empirically be examined and tested.
Theoretically, there are numerous opportunities for players to
cUHDWH DQG WDNH DGYDQWDJH RI PRPHQWXP¶V frequency, intensity
and duration effects facilitated by initial success²whether
between or within tournaments.
2Q 7RXU SURIHVVLRQDO JROIHUV¶ SHUIRUPDQFH LQGLFDWRUV DUH
tracked throughout the year. These recordings provide extensive
GDWD IURP ³GULYLQJ´ WR ³SXWWLQJ´ GXULQJ HDFK tournament round.
Our focus in this investigation was on individual performance
results from tournament to tournament over four years of
competition. More specifically, we focused on four key outcome
measures: cuts made, top 30, 20, and 10 achievements.
MRPHQWXPLVPDQLIHVWHGLISOD\HUVJHWRQDUROODQGPDNH³UXQV´
of several cuts, top 30, 20, and 10 performances in a row. Of
theoretical interest are frequency and duration effects, that is, the
frequency and length of runs. The intensity effect, in turn, is
particularly reflected in successful top 10, 20 and 30 runs. When a
player is able to achieve a top 10, 20, or 30 result during a given
week, such a performance comprises a high impact or ³LQWHQVLW\´
success and thus might be likened to a ferocious dunk in
basketball, a home run in baseball, or a quick striking touchdown
in football. According to the theory, it creates a high-intensity
momentum and therefore leads to subsequent top performances in
ensuing weeks. Naturally, a top 10 achievement has a higher
intensity than top 30 or top 20 achievements.
Overall, the study sought to answer the question of whether
success breeds success. To this end, the first sub-question was:
How many cuts do players make on average and do they occur in
sequence? The second question addressed: How many top 10, 20,
and 30 performances are achieved on average and do they occur
in sequence? Finally, we asked: is the play of better players
characterized by greater momentum in the form of more frequent
sequential runs and more lasting runs than that of lower ranked
players? To answer the last question, players were divided into
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In all fields of human endeavor, great careers are built on repeated
VXFFHVV³2QH- trick-SRQ\´RU³IODVK-in-the-SDQ´SHUIRUPDQFHVGR
not make a successful career. Those who rise to the top of their
profession rack up repeated successes, wheUHDV³DOVRUDQV´IDLO to
capitalize on initial success. What, then, explains repeated
success? That is, does success breed success, and if so, how?
The basic tenet of momentum theory is that a dependency
structure between consecutive successes exists such that previous
performance significantly affects subsequent performance. The
first empirical validation of this proposition, reported by IsoAhola and Mobily (1) in a statewide racquetball study, showed
that winning the first game was a strong predictor (phi = .73) of
the matcK¶VZLQQHU6XEVHTXHQWUHVHDUFKRYHU\HDUVKDVWHVWHG
this basic tenet in a wide variety of performance contexts (2),
from sports (3-5) to motor performance (6) to financial investing
(7-8). The general conclusion from this body of evidence is that
success indeed breeds success and that momentum is a
³WHPSRUDU\DQGRFFDVLRQDO\HWSRZHUIXOSKHQRPHQRQWKDWFDQEH
IOXVKHGRXWE\WLJKWPHWKRGRORJLHVDQGVWDWLVWLFDODQDO\VHV´ 9, p.
22), especially when the frequency of the phenomenon is taken
into account (10). According to a recently developed theory of
psychological momentum (9), initial success is critical for
momentum building and has three momentum effects: an
individual or team that has more occurrences of momentum
during the entire contest is more likely to win or be successful
(frequency effect); momentums of higher intensity increase the
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ILYH JURXSV EDVHG XSRQ WKH FXUUHQW \HDU¶V PRQH\ OLVW 7RS 
players, 26-50, 51-75, 76- 100, and 101-125. This money ranking
is widely accepted as a valid indicator of the level at which a
player performs. However, it should be noted that all of these 125
players are elite competitors, in that any single player is capable
of winning a tournament during a given week. Nevertheless,
among the rankings, the higher ranked players are regarded as
consistently better performers. An interesting theoretical question
is whether these higher ranked players have achieved their status
by experiencing more frequent and more lasting occurrences of
momentum. Such momentum effects would translate into higher
earnings and placements on the money list. As such, the result
would also provide support for the theory.

a typical weekly tournament, the field of 144 participants
includes, in addition to fully exempt players electing to play that
week, a few partially exempt and non-exempt status players, as
well as players receiving tournament sponsor invitations. In
general, these fill-in players compete in far fewer tournaments
than fully exempt players and instead, are more likely to compete
in tournaments organized by the Web.com Tour, regionally
sanctioned tours, or foreign tours. The latter types of tournaments
are considered to be the minor league of professional golf when
compared to the PGA Tour. Thus, these types of players were
excluded from further analysis due to large gaps in their week-toweek play or their infrequent play not allowing direct
comparisons with those performing at the highest level of
competition. Among the fully exempt players, the vast majority
rarely skip more than two weeks between tournaments. Because
the top 125 ranked players are fully exempt for only one season
and must maintain that status or be replaced with new players
meeting full exempt criteria, these rankings were adjusted
DFFRUGLQJO\IRUHDFKRIWKHIRXUWRXUQDPHQW\HDUV¶GDWD
A few tournaments each year were excluded from the data set.
These included tournaments played in the match play format (e.g.,
World Match Play Championship) not permitting stroke play
comparisons; five-round events (e.g., Humana Challenge) with
different cut procedures than the standard four day PGA
tournament format; and all weekly tournaments played opposite
World Golf Championship events in which the level of
competitive play is inferior to a typical PGA Tour event.

METHOD
Data Source
Data for the study weUHREWDLQHGIURPWKH3*$7RXU¶V6KRW/LQNV
System. This system essentially consists of a database of detailed
shot and scoring performances of each player competing in PGA
Tour tournaments. Access to the ShotLinks data was provided
following the acceptance of a formal proposal to the ShotLink
Intelligence Program (SLIP). ShotLinks data are available in
various formats, created to meet a variety of needs. For the
present study, we were interested in outcome measures describing
PGA TRXUSOD\HUV¶SHUIRUPDQFHVIor rounds completed during the
course of a season of play. Because the United States Golf
Association had imposed new rules regarding allowable
GLPHQVLRQV RI LURQ ³JURoYHV´ HIIHFWLYH starting with the 2010
golfing season, we elected to recover performance data for the
2010 to 2013 PGA tournament schedule. Thus, our start date for
data recovery was the earliest year (2010) for which PGA Tour
tournament competition was under a common set of playing
conditions. We stopped data collection at the latest year (2013)
for which a full year of data were available. Consequently, the
sample size consisted of all the available data from four years
(2010-2013) of PGA Tour competition, excluding some nontraditional tournaments (e.g., World Match play), as explained
below.
About 144 players participate in a typical tournament of the
PGA Tour. Multiplied by 45 (the typical schedule of 45
tournaments per year) times four years, approximately 25,000
player tournament outcomes were available for recovery from the
ShotLinks database. All ShotLinks databases are available in text
delimited format, easily dropped into spreadsheet based programs
(e.g., Excel). Using an Excel spreadsheet, data editing, screening
and variable designations were completed. Because the purpose of
the study was to investigate the validity the behavioral dimension
of momentum theory as characterized by the frequency, duration
and intensity effects on golf performance, it was necessary to
recover performance data for players competing frequently with
few skipped tournaments throughout each season of PGA Tour
events. Since the top 125 ranked players are fully exempt to enter
any event on the PGA Tour schedule for each season, and, as
such, participate in far more events than partial-or nonexempt
players, we elected to include only the fully exempt players in the
data analysis. Thus, the inference space to which the results of the
study may apply is the collective group of the highest ranking
professional golfers in the world.
Professional golfers eligible to compete on the PGA Tour are
likened to independent contractors. As such these players are free
to set their own tournament schedule. During a typical year, the
top 125 ranked players elect to participate in slightly over half of
the yearly tour events (about 23 out of the total 45). Thus, during
ISSN 2377-2700 | www.jnsci.org/content/325

Variables
Data were generated oQDSHU\HDUEDVLVIRUHDFKRIWKDW\HDU¶VWRS
125 ranked players. Variables recovered for each player included
cuts made, top 10, top 20 and top 30 performances for each
tournament in which a given player competed. Data for players
entering a tournament but failing to finish due to withdrawal,
GLVTXDOLILFDWLRQRULQMXU\ZHUHH[FOXGHGIURPWKDWZHHN¶VGDWDVHW
For each type of outcome variable (e.g., cuts made) eight
representations per year were created for each of the 125 players:
total number of successful cuts, total number of unsuccessful cuts,
total number of runs of successful and unsuccessful cuts
combined, total number of runs of successful cuts, total number of
runs of unsuccessful cuts, average length of runs of successful
cuts, average length of runs of unsuccessful cuts, and longest run
of successful cuts.
Player Groupings
Using the criteria described above, 11,015 of the original 25,000
player tournament outcomes were retained for inclusion in the
VWXG\¶VGDWDDQDO\VLV7KXVIor each of the 32 created variables, a
total of 500 player outcomes was created.
On a per year basis, players were grouped into one of five
Quintile groups based on money rankings for that year (Q1 1-25,
Q2 26-50, Q3 51-75, Q4 76-100, Q5 101-125). With this quintile
grouping of 125 players per year for four years, a total of 500
player outcomes for each of 32 variables was available for
analysis. Based on the money earned, the five groups were shown
to be highly significantly different using one-way ANOVA (p <
0.000) with a very strong group separation Eta square factor of
0.81. Initially, statistical analyses were conducted retaining year
as a classification variable. However, no main or interaction
effects with other grouping variables were found for the factor
³\HDURISOD\´ included in the study. Thus, the quintile groupings
summed across the four years were employed for all statistical
analyses giving a total sample of 500 subject outcomes (100 per
quintile group).
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Data Analysis
Transition Analysis: Pearson Chi Square (Ȥ2) for a two-by-two
contingency table of tournament (i) and tournament (i+1) summed
across a full season of PGA tournaments was determined to assess
the independence of performance during tournament (i) and
tournament (i+1). Effect sizes were determined by the phi
procedure.

also able to demonstrate sensitivity analysis for our four-year
PGA Tour data set. To promote readability and brevity, only pvalues and Eta Squares are reported in the text while the relevant
F values and degrees of freedom can be obtained from the
authors.
All statistical analyses were completed employing IBM®
SPSS® Statistics 21.

Differences Among Quintile Groups: Mean differences among
each of the 32 internal measures of momentum were determined
by parametric analysis of varianFH /HYHQH¶V 7HVW RI Hquality of
error variances was employed to assess presence of homogenous
group variances. When the Levene Test was significant, the
confidence intervals (Tables 1-4) for individual group means were
FDOFXODWHG HPSOR\LQJ HDFK JURXS¶V LQGLYLGXDO VWDQGDUG HUURU
rather than the pooled standard error. Test of equality among the
Quintile groups was accomplished by F test for the main effect of
a one-way ANOVA at p<0.05. In other words, differences among
quintile groups for a given momentum variable were inferred
when the omnibus F was significant at p<0.05. Differences
between adjacent Quintile groups following a significant main
effect by the F test were probed from the a priori selected
orthogonal set of Helmert Contrasts and adjusted sequentially
upon an observed significant individual contrast. This process was
guided by the a priori assumption that Quintile groups
monotonically follow a hierarchy. Effect sizes were determined
by Eta Square procedure. With statistical power set at 0.95, we
determined that the omnibus F detects among quintile group
variances as small as eta squares of 0.035, and validated our
decision to include the four years (2010-2013) of PGA Tour
performance data to detect non-trivial effects among quintile
player groups for the momentum variables. In this way, we were

RESULTS
'RHV PDNLQJ ³FXWV´ RFFXU LQ VHTXHQFH²more so for better
players?
On average, the top 125 players participated in 23 tournaments
each year and made an average of 15.9 cuts or 68.6% of the
tournaments entered. These successful cuts were achieved within
an average sequence of 9.8 runs per year. To answer the general
question about success breeding success, we conducted Transition
Analysis based on 11,015 tournament results from the 2010-2013
PGA Tour seasons. When considering all players across these
four seasons, a significant (p<0.000, ڦ2 = 0.07) transition from
tournament to tournament was observed for making the cut,
showing that overall, 6.8% more cuts were made in the next
tournament after successfully making the previous tournament¶V
cut. This was particularly pronounced for Quintile 1 players (25
best ranked) (p<0.001, ڦ2 = 0.08) as they made 7.6% more cuts in
the tournament following the preceding tournament¶V VXFFHVVIXO
performance; the next highest percentage was among Q4 players
at 4.4%. Transition Analysis for top 10, 20 and 30 placements
from tournament to tournament PLUURUHG WKRVH IRU WKH ³FXW´
variable. That is, among those who initially achieved top 10, 20
and 30 finishes, more similar performances were observed in the
following tournament: 5.9%, 8.3%, and 9.9% respectively (all
p<0.000, ڦ2¶s = 0.06, 0.08, 0.10).
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Quintile 1 and 2 players averaged making 17.5 and 16.7 cuts
per year (Table 1), respectively, with both differing significantly
(p<0.000, ڦ2 = 0.04) from the remaining three groups but not from
one another (p<0.104, ڦ2 = 0.01), as indicated by Sequential
Contrast analysis. The top two groups achieved their higher
number of cuts made with significantly fewer runs (p<0.000, ڦ2¶V
= 0.25, 0.03) than did the remaining subgroups, with Quintile 1
requiring an even smaller number of total runs (6.4) of successful
and unsuccessful cuts than Q2 players (9.4), p<0.000, ڦ2 = 0.07),
indicating fewer but longer runs.
:H DOVR ORRNHG DW SOD\HUV¶ DYHUDJH UXQ OHQJWK RI VXFFHVVIXO
cuts (ANOVA p<0.000, ڦ2 = 0.23) and a special case of their
longest run of successful cuts (ANOVA p<0.000, ڦ2 = 0.27). As
for the former, 4XLQWLOH  SOD\HUV¶ DYHUDJH UXQ OHQJWK RI
successful cuts was 6.1, which was almost double that of the next
highest average run length of 3.8 for Q2 (Table 1), with the
difference being highly significant (p<0.000, ڦ2 =0.07). Quintile 2
in turn exhibited a significantly (p<0.001, ڦ2 = 0.02) longer
average run of successful cuts than the remaining three groups. As
for the longest run, Quintile 1 SOD\HUV¶ ORQJHVW Uun of successful
cuts was 9.5 which differed significantly (p<0.000, ڦ2 = 0.05)
from WKDWRI4  4XLQWLOH¶VORQJHVW run of successful cuts
also differed significantly (p<0.001, ڦ2 = 0.02) from Q3 (6.1),
which in turn was significantly (p<0.017, ڦ2 = 0.01) different from
the two lowest money ranked groups Q4 (5.6) and Q5 (4.9). As a
SRLQW RI UHIHUHQFH 4XLQWLOH  SOD\HUV¶ ORQJHVW UXQ RI VXFFHVVIXO
cuts accounted for more than 50% of their total cuts made per
\HDU   ZKHUHDV WKH UHPDLQLQJ JURXSV¶ W\SLFDO ORQJHVW UXQ
of successful cuts accounted for less than half of their total
seasonal cuts. Finally, for the average length of runs of
unsuccessful cuts (ANOVA p<0.000, ڦ2 = 0.09), when Quintile 1
players missed a cut, their run duration of misses (1.17) was
significantly (p<0.022, ڦ2 = 0.01) shorter than the average run
duration of missed cuts for Q2 (1.33), which in turn was
significantly (p<0.000, ڦ2 = 0.03) shorter than that of Q3 (1.5), Q4
(1.56), and Q5 (1.59).

achieved fewer top 10 performances: about one in six among Q2
players, one in eight in Q3, one in 11 in Q4, and one in 13 in Q5.
For each top 10-20-30 achievement among the groups, ANOVAs
(p<0.000, ڦ2¶V = 0.58, 0.49, 0.45 respectively) followed by
Sequential Contrast analysis revealed all five groups to be pairwise significantly different (top 10 p<0.02, ڦ2¶V = 0.01-0.15; top
20 p<0.003, ڦ2¶V = 0.01-0.09; top 30 p<0.006 ڦ2¶V = 0.01-0.08).
While these results are interesting in their own right, they also
validate the present system to rank players and grouping them
into five quintiles as we have done for our analyses. In an
H[SHULPHQWDOVHQVHWKLVLVHTXLYDOHQWWR³PDQLSXODWLRQFKHFNV´
Do top 30 performances occur in sequence²more so for
better players?
Also as expected, successful top 30 finishes exhibited a pair-wise
significant (p<0.006, ڦ2¶V = 0.08, 0.02, 0.01, 0.01) linear decrease
from Quintile 1 players (12.4) to Q5 players (5.9) (see Table 2).
The reverse was also true as failures to achieve top 30 outcomes
progressively and significantly (p<0.018, ڦ2¶V= 0.08, 0.02, 0.01)
increased from Q1 (8.8) to a plateau among Q4 (16.9) and Q5
(17.2) players.
First, when separating runs of top 30 successes from those of
failures, a logical and expected pattern was found. Monotonically
across the subgroups (Table 2), more runs of successes were
created by the higher ranked than the lower ranked groups
(p<0.000, ڦ2 = 0.09), with Q5 players standing significantly
(p<0.001, ڦ2 = 0.03) apart from other groups; Q1-4 clustered into
two distinct groupings with Q1 and Q2 exhibiting a significantly
greater number of successful runs than Q3 and Q4 (p<0.002, ڦ2 =
0.02). Second, when looking at runs of the top 30 failures, the
overall effect was significant (ANOVA p<0.002, ڦ2 = 0.03) with
Q1 (4.9) exhibiting a significantly smaller number of runs of top
30 failures compared to the lower money ranked groups (p<0.000,
ڦ2=0.03). Third, the average duration of runs of successes
(ANOVA p<0.000, ڦ2 = 0.29) and failures (ANOVA p<0.000, ڦ2
= 0.18) significantly separated WKH ILYH JURXSV 4 SOD\HUV¶
average duration of successful top 30 runs (2.6) was 54.1% longer
than the next highest ranked groupings of Q2 and Q3 players
(p<0.000, ڦ2 = 0.17), who in turn averaged 18.7% longer
successful runs (p<0.000, ڦ2 = 0.02) than did the combined Q4
and Q5 groups. ,Q UHYHUVH 4 SOD\HUV¶ Dverage run of top 30
failures (1.8) was 27% shorter (p<0.001, ڦ2 = 0.02) than Q2 (2.5).
The Q2 group then averaged a significant 24.6% shorter run of
top 30 failures (p<0.003, ڦ2 = 0.02) than the next shortest run of
top 30 failures by Q3 players (3.1), who in turn averaged
significantly shorter runs of failures by 13.2% (p<0.018, ڦ2 =
0.01) than the lowest ranked Q4 and Q5 groups. Finally, an
overall significant (ANOVA p<0.000, ڦ2 = 0.37) effect for the
longest run of top 30 successes indicated that the Q1 group, at an
average longest run of 4.9, was a significant 1.5 times longer in
duration (p<0.000, ڦ2 = 0.10) than the next closest Q2 group (3.2).
The latter group differed significantly from the Q3 group
(p<0.042, ڦ2 = 0.01), which in turn had a significantly larger
single longest run of top 30 successes (p<0.000, ڦ2 = 0.02) than
the combined Q4 (2.3) and Q5 (2.0) groups.
Taken together, these results show clearly that top 30
performances occur in sequence and more so for the higherranked players. As such, the findings are consistent with the
theoretical predictions. It is worth noting that while the traditional
significance tests showed differences among the 5 groups on all
variables, eta square analysis further clarified these significant
differences with the eta square values reflecting strong separation
between and among the groups on the momentum-related
variables (i.e., numbers, runs and durations of top 30 successes
and failures).

Figure 1. Number of achievements as a function of player ranking.

+RZPDQ\³FXWV´WRSDQGperformances?
As expected, the number of ³FXWV PDGH´ top 30, 20 and 10
achievements progressively decreased IURP ³FXWV´ WR WRS s
(Figure 1). On average, players made 15.9 cuts, 8.6 top 30s, 6.1
top 20s, and 3.5 top 10s. Comparing the subgroups, the best
players (Quintile 1) averaged about one top 10 finish in every
three tournaments, while Quintile groups 2-5 progressively
ISSN 2377-2700 | www.jnsci.org/content/325
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ranked players (3.0) to the lowest (1.4), which mirrors other
comparisons reported above.
This latter comparison is worthy of emphasis. Note that the
lowest ranked players, Q5, do experience the intensity effect
afforded from top 20 successes. While they achieved almost four
(3.8) of such successes per year, they rarely strung any two of
them together (the average longest run of 1.4). Thus, although top
 DFKLHYHPHQWV XQTXHVWLRQDEO\ FRQWULEXWHG WR WKHVH SOD\HUV¶
experiencing the intensity of momentum, failure to extend or
combine this short-lived intensity effect with the concomitant
duration component of momentum through back-to-back top 20s
mitigates the success-breed-success effect for these (Q 5) players.
This becomes particularly evident when we juxtapose the Q5
SOD\HUV¶ PRPHQWXP profile with the intensity-duration profile of
Q1 players. These highest-ranked performers achieved almost
three times as many top 20s per season as Q5 athletes (9.5 vs.
3.8), and importantly, did so by successfully stringing about three
top 20s in a row once a year and typically achieved back-to-back
top 20s. All of this demonstrates that the combination force of a
high impact top 20 result (intensity effect) integrated with typical
consecutive successes (duration effect) separates Q1 performers
from lower ranked players.
Overall, then, the data strongly support the theory that success
breeds success via sequential runs or occurrences of momentum,
and more so for higher-ranked players. The more that frequent
successes are bunched together, the greater are the results (a
higher performer ranking). While failure is inevitable, players
who can quickly bounce back by starting new runs of successes
ultimately produce more and better outcomes, as indicated by
higher frequencies of top 20 finishes and more of them in a row
by Q1 players. Eta square values, again, demonstrate strong
separation among the groups and indicate that higher-ranked
players have more frequent and more lasting momentums of top
20 performances, as well as shorter runs of top 20 misses.

Do top 20 performances occur in sequence²more so for
better players?
Table 3 presents the results for top 20 performances. Regarding
the number of top 20 finishes, the highest-ranked group achieved
2.5 times more of them (9.5) than the lowest-ranked group Q5
(3.8), with the number decreasing linearly and pair-wise
significantly from Q1 to Q5 (ANOVA p<0.000, ڦ2 = 0.49). The
best players (Q1) achieved these top 20 finishes in about 45% of
the tournaments entered, whereas Q5 players did so only in 16%
of the tournaments entered. With the exception of the number of
unsuccessful top 20 runs, regardless of the internal representation
of top 20 successes/failures, the Q1 group achieved significantly
better Top 20 comparisons than any lower ranked group (range of
Sequential Contrast p¶V = 0.018-0.000, ڦ2 range = 0.01-0.09).
Among four of the eight measured characterizations of Top 20
performances, the Q1 players exhibited moderate etas squares
(0.076-0.094) in comparison to the next highest ranked group,
indicative of a powerful separation as a result of momentum.
Because of the large differences between the five groups in the
number of top 20 finishes, the higher-ranked players exhibited a
significantly greater number of successful runs (ANOVA
p<0.000, ڦ2 = 0.27) and a smaller number of unsuccessful runs
(ANOVA p<0.000, ڦ2 = 0.06) than the lower-ranked players. For
example, the number of runs of top 20 finishes was significantly
(p<0.000, ڦ2 = 0.02) greater in Q1 (5.3) than Q2 (4.5) players who
in turn had a significantly (p<0.000, ڦ2 = 0.04) greater number of
these runs than Q3 (3.9) and Q4 (3.5) combined, and the
combined Q3 and Q4, in turn, had more (p<0.000, ڦ2 = 0.04) of
them than Q5 (2.8) players. On the other hand, top players
bounced back more quickly to top 20 performances by exhibiting
shorter average runs of top 20 failures (ANOVA p<0.000, ڦ2 =
0.22) (2.4 for Q1 compared to 5.6 for Q5). Finally, the single
longest run of top 20 successes decreased linearly and
significantly (ANOVA p<0.000, ڦ2 = 0.27) from the highest-
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intensity of the tournament outcome increases (from cuts made to
top 10s), the degree of separation from the lower ranked players
strongly increases, as indicated by the eta square effect sizes
(Figure 2). It is noteworthy how the best 25 players (Q1 group)
separate themselves from others as the achievement level
increases (i.e., the greatest separation in the top 10 finishes).
Examining the annual money earned in the season-long PGA
tournament competition (and player ranking) as a function of the
four performance achievements, results showed that, taken
together, cuts made and top 30-20-10 achievements explained
67.1 % of variance in the annual earnings. This explained
variance was consistent across the four years (2010-2013) of the
Tour performance data analyzed. Thus, it is clear that
performance at the highest level requires multiple top
achievements annually. But an important question is: Do PGA
Tour players achieve these successful outcomes in a random
fashion (i.e., one success here and there) or do they result from
the systematic influence of momentum?
To answer this question, we computed the number of runs of
successes (the frequency effect) and the average run length of
successes (the duration effect) for cuts made and top 30-20-10
achievements. Results revealed that players who had more
successful runs and whose average run length was greater clearly
separated themselves from others, as indicated by the eta square
effect sizes. Figure 3 demonstrates this effect for the number of
runs of successes, and Figure 4 shows a similar effect for the
average run length. The influence of momentum became even
more evident when we regressed the number of successful runs
and their duration on cuts made and top 30-20-10 season-long
achievements. These two predictors (frequency and duration)
strongly explained differences in performance outcomes: The
number of successful runs and their length explained 91.5% of top
10, 87.1% of top 20, 84.9% of top 30 achievements and 55.5% of
the season-long cuts made. Another way to see this influence of
momentum is to remove the number of successful runs and their
length from regression analysis and then compute the adjusted eta
squares. When this was done, eta squares were reduced to trivial
effect sizes: Top 10 to 0.016 (from 0.58), top 20 to 0.015 (from
0.49), top 30 to 0.009 (from 0.44), and cuts made to 0.007 (from
0.13). In short, these results powerfully demonstrate the influence
of momentum on performance achievements on the PGA Tour
and simultaneously rule out any meaningful role for randomness.

Do top 10 performances occur in sequence-more so for better
players?
Table 4 presents the results pertaining to top 10 performances.
With few exceptions, the patterns of differences in top 10 finishes
are similar to top 20 and 30 performances. In fact, the results
show that all eight internal representations of top 10 successes
and failures strongly favor the highest-ranked Q1 players
(Sequential Contrast p¶V<0.000, ڦ2 range = 0.03-0.15) over the
next highest ranked quintile group(s). As can be seen, the higherranked players had significantly (ANOVA p<0.000, ڦ2 = 0.58)
more top 10s than the other groups, linearly decreasing from Q1
to Q5 players, with Q1 players achieving 3.6 times more top 10
performances per season than Q5 players. $V IRU ³UXQV´ RI WRS
10s, Q1 players exhibited the largest number of runs of successes
(ANOVA p<0.000, ڦ2 = 0.46), with Q1 being significantly
(p<0.000, ڦ2 range = 0.09-0.34) different from each of the lower
ranked quintile groups. The higher-ranked players had more total
runs of top 10s (ANOVA p<0.000, ڦ2 = 0.41). Their average run
length of successes (ANOVA p<0.000, ڦ2 = 0.21) and longest run
of top 10 successes (ANOVA p<0.000, ڦ2 = 0.31) were greater in
duration, and their average run length of top 10 failures (ANOVA
p<0.000, ڦ2 = 0.32) shorter, than those of the lower-ranked
players.
Taken together, these results are consistent with the top 20
and 30 performances and as such, replicate the earlier patterns and
therefore lend further credence to the theory. Obviously, there are
fewer top 10s than top 20s and fewer top 20s than top 30s, but
what is striking is the similarity of patterns among the player
groups in these three performance categories. Top 10
performances occur in sequence and more so for higher-ranked
players. Clearly, the higher-ranked players not only have more of
these top performances but they get on longer runs of successes
and shorter runs of failures than the lower-ranked players. Eta
square values are particularly noteworthy as they reflect a very
strong separation among the groups on all top 10 performance
outcome variables.
Successful performances²momentum vs. random?
Among these elite Tour players, what separates more successful
from less successful performances? The answer is clear: from Q1
to Q5 players, each quintile group makes significantly more cuts
and achieves significantly more top 30, 20, and 10 finishes than
the next lower ranked group of players. Importantly, as the

Figure 2. Degrees Separation From Lower Ranked Players, Number of Outcomes
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Figure 3. Degrees Separation From Lower Ranked Players, Runs of Successes

Figure 4. Degrees Separation From Lower Ranked Players, Average Run Length

Table 5. Summary of ETA Squares
Success Outcomes
Variable
Cuts
Top 30
Top 20
Top 10
Average

Number
.130
.445
.491
.583
.412

Runs
.165
.085
.271
.464
.246
.294

Failure Outcomes
Average
Length
.225
.286
.181
.207
.225

Number
.303
.372
.322
.265
.316

Runs
.275
.033
.064
.236
.152
.223

Table 5 summarizes eta squares for the four performance
variables (cuts, top 30, 20, and 10) for both outcomes (success
and failure) in terms of their number, runs and average length.
Several observations can be made. First, as noted, eta squares
reflect moderate to strong separation among the quintile groups
on all variables. Second, the strongest eta square measures were
ISSN 2377-2700 | www.jnsci.org/content/325

Average
Length
.089
.180
.224
.316
.202

Runs: Total
.252
.036
.182
.407
.219

Longest
Run
.268
.366
.272
.311
.304

observed in the numbers of top 10 and 20 successes achieved.
7KHVHKLJK³LQWHQVLW\´VXFFHVVHVVWURQJO\VHSDUDWLQJWKHTXLQWLOH
groups, speak clearly for the importance of the momentum
intensity effect. In this respect, it is worth noting the progressive
increase RI HWD VTXDUH YDOXHV IURP ³FXWV´ WR WRS  A similar
increase can also be seen in the frequency of successful runs from
8

J Nat Sci, Vol.3, No.3, e325, Mar 2017

Momentum

Journal of Nature and Science (JNSCI), 3(3):e325, 2017

³FXWV´WRWRS, further emphasizing the intensity effect. On the
other hand, the average length of successful runs of top 30 and
cuts made separate the groups somewhat better than duration of
top 10 and 20 successes. Third, when comparing success and
failure outcomes overall, momentum measures for success
variables showed a larger average eta square value, thus reflecting
success-related momentum¶VJUHDWHUDELOLW\WRVHSDUDWHWKHSOD\HU
groups. Finally, the observed eta squares for total runs (sum of
success and failure runs) and the longest run of success
demonstrate these variables¶ strong ability to distinguish the
player groups.

the existence and influence of momentum on subsequent success.
The results showed that there was a significant transition or
transfer effect from tournament to tournament for making a cut
(6.8% more cuts in the following tournament), achieving top 30s
(9.9% more), top 20s (8.3% more), and top 10s (5.8% more). The
effect was also stronger for higher-ranked players in all four
categories of achievement. When looking at these categories more
specifically, better players not only made more cuts and had the
highest percentage of runs of successful cuts out of the total runs
³IUHTXHQF\ HIIHFW´  EXW H[KLELWHG D ORQJHU DYHUDJH UXQ RI
successful cuts and had the longest run of successful cuts
³GXUDWLRQ HIIHFW´  &OHDUO\ EHWWHU SHUIRUPHUV JHW RQ ORQJHU UXQV
of making cuts than lower-ranked players, giving them more
frequent opportunities for higher achievements.
Results for top 30, 20 and 10 performances mirrored those for
making cuts. Differences among player groups, again, were
notable and even striking. For example, the highest-ranked group
(best 25 players) had 12.4 top 30s, 9.5 top 20s and 6.3 top 10s,
whereas the lowest-UDQNHG JURXS¶V UHVSHFWLYH QXPEHUV ZHUH 
3.8, and 1.8. Why such large differences and why are better
players better? The data clearly point to the influence of
momentum. Top 30, 20 and 10 performances not only occurred in
sequence in general and not randomly, but more so for higherranked players. In short, better players have a greater number of
top performances and more runs of them, and their runs of
successes last longer and runs of failures are shorter. The intensity
effect clearly was evident in top 10 achievements, in the number
and duration of them. These findings are congruent with the
predictions for the frequency, intensity and duration effects
derived from the psychological momentum theory (9).
It is clear from the findings that success on the PGA Tour is
not a matter of randomness, one successful performance achieved
randomly now and then. Instead, performance achievements are
due to the systematic and direct influence of momentum. When
the indicators of momentum (frequency and duration) were
removed from relevant statistical analyses, eta squares (variance
explained) were reduced to trivial effect sizes. In reverse, when
they were included in the analyses, they explained between 8591% of variance in top 30-20-10 achievements. As a whole, these
results not only provide strong evidence for the momentum
influence in elite performance but also, for the way in which
momentum has its effects on performance.
Our findings are consistent with recent studies that have
generally confirmed the momentum effects on human
performance (e.g., 4-6, 10, 16-17). A growing body of evidence
obtained from well-designed studies with large data sets provides
increasing support for Jackson and 0RVXUVNL¶V 3) conclusion that
³WKH LGHD RI LQGHSHQGHQFH PXVW EH DEDQGRQHG´  2XU ILQGLQJV
however, go beyond such general conclusions by specifying
empirically for the first time the way in which momentum has
positive effects on later success. When performers have more
frequent and more lasting occurrences of momentum, their
chances of future success are elevated significantly. Highintensity momentums resulting from top achievements (top 10
finishes in particular) are likely to further enhance the frequency
and duration effects. Future research should explore interactive
effects of intensity, frequency and duration in efforts to determine
the best combination of the three effects for predicting success.
Regardless of the consistent and theory-supportive findings,
we acknowledge the shortcomings of the non-experimental
method and its limits on causal conclusions. Although
unobtrusive studies are weaker in internal validity, they are
stronger in external validity and therefore respond to recent calls
for researchers to step outside of artificial laboratory settings to
study actual behaviors rather than finger-press movements on

DISCUSSION
The basic tenet of the momentum theory is that success breeds
success, and this occurs because performers get on a roll of
consecutive successes by building momentum from the initial
success (9). 7KXV PRPHQWXP EHFRPHV ³D SULQFLSOH YHKLFOH RI
SHUIRUPDQFH IRU JRDO DFKLHYHPHQW DQG IXWXUH VXFFHVV´ 14). The
present study tested this tenet by employing a large data set
(11,015 tournament results from four competitive seasons)
involving elite performers, the 125 best professional golfers of the
PGA Tour. More specifically, the study focused on analyzing four
outcome variaEOHV ³FXWV´PDGHWRSDQGSHUIRUPDQFHV 
and answering the question whether these achievements occur in
sequence, not randomly, as well as whether such momentum
performances are more likely for higher-ranked than lower-ranked
players. The theory posits that initial success creates three types
of momentum effects: frequency, intensity, and duration (9). In
other words, the likelihood of subsequent success is increased by
more frequent, higher-intensity and lasting occurrences of
momentum resulting from initial success.
Overall, the data supported the behavioral aspect of the theory
and describe what momentum looks like in elite DWKOHWHV¶
performance in general and how better players consistently
achieve better results than those who are on the lower rungs of the
player-ranking list. Higher-ranked performers were not only able
to put together more frequent and more lasting strings of
successful performances, but also bounced back more quickly
from failures as indicated by shorter durations of missed cuts, top
30, 20 , and 10 performances. How can these findings be
explained?
Given the psychological underpinnings of causes and effects
of momentum (9, 14-17), the observed performance patterns
suggest that the best of the best focus on making successful
performances happen and seeing them as occurrences of
momentum HJDFRXSOHRI³ELUGLHV´RUGLIILFXOW³SDU´VDYHVLQD
row), rather than viewing them as avoidance of disasters. Such a
mental approach enables these top performers to take their mind
away from skill failure to the possibility of continued success. In
this scenario, focusing on seeking and grabbing momentum is an
antidote to RU D SV\FKRORJLFDO VWUDWHJ\ DJDLQVW ³FKRNLQJ´
Performers, however, can make mistakes in perceiving
momentum where there is none and not perceiving momentum
ZKHUHLVRQH7KXV³KRZWREHFRPHEHWWHUDWDFFXUDWHO\GHWHFWLQJ
momentum and profitably capitalizing on it in various domains of
KXPDQ SHUIRUPDQFH UHPDLQV WR EH LQYHVWLJDWHG LQ WKH IXWXUH´ 9,
p. 31).
Success among these elite performers gets increasingly better
(more meaningful), but also more difficult, when moving from
making a cut to achievement of a top 10 outcome (see Figure 1).
Mathematically, making cuts is easier than achieving top 10
finishes, but does momentum (i.e., sequential runs of success)
play a similar role at all levels of success? If it does, even in top
10 achievements, such evidence would provide strong support for
ISSN 2377-2700 | www.jnsci.org/content/325
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computer screens (18). The strength of the study derives from a
large longitudinal data set and consistent patterns of results for all
the measured variables.
$OWKRXJK ZH KDYH IRFXVHG RQ RYHUW ³EHKDYLRUDOPRPHQWXP´
(16-17), it should be noted that momentum does not occur in a
psychological vacuum. Behavioral and psychological momentums
are inextricably interwoven (15). It is well established (for a
review of research, see 9) that both in competitive and nonFRPSHWLWLYH VLWXDWLRQV SHUIRUPHUV¶ VHQVH RI FRQILGHQFH DQG
competence are greatly affected by initial and continuing
successful performances, as are their attributions for success.
These perceptions in turn translate into an altered (increased)
sense of probability of success and thus give rise to momentum
(14). Momentum then increases confidence at both conscious and
nonconscious levels, making performers increase their effort. In
the words of Sidney Crosby, one of the best pro hockey players
today ³:KHQ WKH SXFN¶V JRLQJ LQ IRU \RX \RX IHHO FRQILGHQW
VKRRWLQJ IURP GLIIHUHQW DUHDV«when it goes in LW¶V PRUH
instinctive for you to try it again´ Justin Thomas won the first
WRXUQDPHQWRIWKH3*$7RXUDQGVDLGDIWHUZDUGV³7KHZD\
that I won is going to give me a lot of momentum and a lot of
FRQILGHQFHZKHQ,JHWLQWKDWSRVLWLRQDJDLQ´+HZHQWRQWRZLQ
the very next (second) tournament of the season, and by an
unusually large margin.
It is clear, then, that these perceptions, although borne out of
overt behavioral outcomes, immediately make momentum a
psychological phenomenon, and performers strive to capitalize on
it. In short, momentum is always a psychological phenomenon
because performers are humans who possess dynamic cognitions
and emotions. Whether momentum-related beliefs and

perceptions are more conscious in slow-paced activities (e.g.,
golf) and more nonconscious in fast-paced sports (e.g., ice
hockey) remains to be determined.
In conclusion, our findings are important in not only
demonstrating the existence of momentum and the characteristics
of momentum effects (frequency, intensity, duration) but also, in
enhancing a general understanding of the performance-success
relationship. To state that success is a matter of better
performance is simplistic and superficial because it does not
consider what has happened within a better performance, why it
has become possible. As our findings indicate, better
performances result from frequent, lasting and high-intensity
occurrences of momentum. Better performers may be said to
maximize these characteristics of positive momentum and
minimize those of negative momentum. That is, they create more
occurrences of positive momentum and make them last longer, as
well make negative momentum (runs of unsuccessful
performances) shorter. The net result is better performances that
are repeatable and predictable when performers learn to capitalize
on momentum characteristics and effects. In this way, momentum
becomes a key to continued success (14).
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