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Summary: We have studied 8,495 regular season games in the National Basketball Association over eight seasons 
(1987-1988 through 1994-1995) to analyze the effects of travel and rest on performance. We found that more time 
between games improved performance, an effect that was constant over time and statistically significant. More than 
l day between games increased the home team's score by I. I points and the visitor's by 1.6 points. Peak performance 
occurred with 3 days between games. The negative effects of little time between games may be due to lack of time 
for physical recovery, rather than any effects of circadian rhythm Get Jag). We found few consistent effects of 
distance traveled or direction of travel. We did find a suggestion of circadian rhythm effects in a subanalysis of 
games on either coast in which the visitor traveled across the country, while the home team did not travel (n = 
101). In these games, the visiting team did four points better (p = 0.07) when they traveled west to east rather than 
east to west, almost nullifying the home-court advantage. This effect, like similar findings for Monday Night Football 
games, may be due to West Coast visitors playing night games at an earlier time according to their "internal clock". 
An incidental finding in our study was that the home-court advantage decreased over 8 years, from about six points 
to three points (due to relatively lower field-goal percentages and fewer free throws by the home team). Key Words: 

Athletes-Performance-Circadian rhythms-Travel-Basketball. 

The possible effects of disrupting circadian rhythms 
due to rapid crossing of time zones Uet lag) are much 
discussed but are difficult to measure (1). Professional 
sports teams that travel frequently and compete in 
events where outcomes are quantified provide a poten­
tially useful source of data. Recht et al. (2) have stud­
ied major league baseball teams situated on either 
coast over three seasons. These authors restricted their 
analysis to games played 2 days before and after trans­
continental travel (5% of games; approximately 50 
games). They concluded that west to east travel by the 
visiting team significantly worsened their performance 
and cited evidence from the literature that resynchro­
nization of circadian rhythms occurs more rapidly for 
east to west travelers. Smith et al. (3) studied 63 pro­
fessional Monday Night Football games between West 
and East Coast teams. They concluded that West Coast 
teams were favored regardless of where games were 
played; the home-field advantage was nullified for 
Monday night games on the East Coast. These authors 
believed their findings were consistent with a circadian 
effect. Monday night games begin late (9 p.m.). The 
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internal dock of the West Coast teams playing on the 
East Coast would be only 6 p.m., a time of better rel­
ative performance compared to the East Coast team. 
In contrast, for the East Coast teams traveling to the 
West Coast, their internal clocks would be set at mid­
night for a 9 p.m. game, a time of relatively worse 
performance compared with the West Coast team. 

We have studied the effects of travel and rest among 
professional basketbaU teams. The questions of interest 
were whether patterns of travel and rest affected per­
formance and, specifically, whether travel over more 
time zones or in a particular direction adversely af­
fected performance. 

METHODS 

We obtained data on all regular season National 
Basketball Association (NBA) games over eight sea ­
sons (1987-1988 through 1994-1995) via a commer­
cial distributor of sports information on the Internet 
(Computer Sports World, Boulder, CO). The regular 
season consists of 82 games. Patterns of travel and, 
presumably, performance differ during the playoffs, 
and these games were not considered. During the 
1987-1988 season, there were 23 teams in the NBA, 
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increasing to 25 in 1 988-1 989 and to 27 for the rest 
of the period. 

Each game was an observation. There were a total 
of 8 ,6 1 0  games, but the first game of the season could 
not be modeled due to the lack of a prior game (see 
below), resulting in the use of 8,495 observations for 
the regression model. The outcome in the model for 
each game was the difference in score between the 
home team and the visiting team. The current record 
of the home team and the visiting team at the time of 
the game was included in the model (percentage wins). 
We also tried using a team's record for the entire prior 
season in modeling the first 1 0  games of the season 
(afterwards using the current record), but it did not 
improve prediction. The Las Vegas point spread was 
also tested instead of team record as a predictor of 
outcome but did slightly less well than team record. 
We included a variable for season ( eight categories) in 
the model .  We tested a variable for month within sea­
son, but it was not an important predictor and was 
omitted. 

We created a variable for days between games for 
both home and visiting teams . To analyze effects of 
direction and distance of travel , we divided the United 
States into three zones based on latitude (east-west 
dimension). Teams located in Salt Lake City, Denver, 
Phoenix, Houston, San Antonio, and Dallas were con­
sidered in the middle zone, while other teams were 
considered in west or east zones. 

For a given game, a team could have 1 ) not traveled 
at all, 2) traveled within a zone, or 3) traveled across 
one or two zones .  "Travel" variables were created for 
home and visiting teams that had six levels for the 
home team [no travel, travel within zone, travel across 
one zone (east-west or wes t-east), travel across two 
zones (east-west or west-east)] and five levels for the 
visiting team (which by definition had to have trav­
eled). 

In a subanalysis, we analyzed games in which the 
visiting team had traveled from one coast to the other, 
while the home teams had not traveled. Both teams 
were required to have had equal days' rest after their 
prior game, and neither team could have played the 
day before (n = 1 0 1 ) .  The purpose of this analysis 
was to restrict variables to games most likely to be 
affected by disruption of circadian rhythms for the vis­
iting team. While we did not know the time of day of 
the game, most games in the NBA are night games. 
We hypothesized that when the visiting team traveled 
west to .east it would have an advantage relative to 
when it traveled east to west [consistent with the foot­
ball findings (3)] . 

Regression analyses were conducted using PROC 
GLM in SAS (4). To account for correlated outcomes 
(teams playing each other more than once in a season), 

TABLE 1. Descriptive statistics for NBA games 

Home-team victory 

All eight seasons 63 .8% 
1 987- 1 988 67.8% 
1 994- 1995 59.7% 

Mean point  spread , home vs .  vis i tor 

All eight seasons 4 .6  
1 987- 1 988 5.8 
] 994- 1 995 3.2 

Mean points scored (home team) 

Al l  eight seasons 1 07 .8  
1 987- 1 988 1 1 1 . 1  
1 994- 1 995 1 03.0 

Free throws attempted (percentage made) 

Home-all  eight seasons 28.7 (75 .7) 
1 987- 1 988 30.3 (76.7) 
1 994- 1 995 27.7 (73 .7) 
Visitor-al l  eight seasons 26.8 (75 . 4) 
1 987- 1 988 27.9 (76.5) 
1 994- 1 995 26.4 (73 .5) 

2-Point field goals attempted (% made) 

Home-all eight seasons 86.4 (48 .3) 
1 987- 1 988 87 .8 (49.3) 
1 994- 1 995 8 1 .5 (47 .3) 
Visitor-all eight seasons 86.2 (46.6) 
1 987- 1 988 87.7 (47. 1 )  
1 994- 1 995 8 1 .4 (46. 1 )  

3-Poi nt field goals attempted ( %  made) 

Home-all  eight seasons 8.3 (32 .  L )  
1 987- 1 988 4.8 (29.9) 
1 994- 1 995 1 5 .2 (36. 1 )  
Visitor-all eight seasons 8.5 (30.6) 
1 987- 1 988 5 .2  (27.4) 
1 994- 1 995 1 5 .4 (35 .4) 

Mean days of rest, home team 2 .24 
Mean days of rest, visitor 1 .95 
Games with > I day rest, home team 8 1 %  
Games with > I day rest, v is itor 65 % 

Travel before game, home team 

No travel 49% 
Travel wi th in time zone 34% 
Travel across one zone 1 3% 
Travel across two zones 4% 

Travel before game, visitor 

Travel within t ime zone 73% 
Travel across one zone 22% 
Travel across two zones 5% 

we also analyzed the data using SAS 's PROC MIXED, 
which takes such correlation into account. Results 
were virtually identical, and here we present only the 
results from ordinary linear regression. 

RESULTS 

Table 1 shows descriptive results for the 8,6 1 0  
games over the eight seasons (the statistics involving 
travel omitted the first games of the season and were 
based on 8,495 games). Statistics are given for al l sea­
sons and, when a trend is apparent, for the first and 
last seasons analyzed. Home teams won 64% of the 
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TABLE 2. Regression models for home vs. visitor score" TABLE 3. Linear regression model for home vs. v1s1tor 
score restricted to games in which the visitor travels across 

Parameter" P value country, the home team does not travel, and both teams have -----------------------
equal days rest (�2 days rest)" Model I 

Intercept 1 . 1 2 0.08 
Home record 25.52 0.000 1 
Vis i tor record -22.33 0.000 1 
Home team rest > 1 day 1 . 1 6  0.00 1 6  
Visi t ing team rest > I day - 1 .58 0.000 1 

Season 

1 987- 1 988 2.38 0.000 1 
1 988- 1 989 2.36 0.000 1  
1 989- 1 990 1 .65 0.0007 
1 990- 1 99 1  1 .34 0.006 
1 99 1 - 1 992 1 .26 0.009 
1 992- 1 993 0.95 0.05 
1 993- 1 994 0.8 1 0.09 
1 994-1 995 (referent) 0.00 na 

Model 2 

Intercept 1 .72 0.0 1 
Home record 26.22 0.000 1 
Visi tor record - 23 .0 1  0.000 1 

Season 

1 987- 1 988 2 .54 0.000 1 
1 988- 1 989 2 .45 0.000 1 
1 989- 1 990 1 .75 0.0003 

1 990- 1 99 1  1 . 34 0.006 
1 99 1 - 1 992 1 .27 0.009 
1 992- 1 993 0.95 0.05 
1 993- 1 994 0.8 1 0.09 
1 994- 1 995 (referent)  0 .00 na 

Home team rest I day 0.00 na 
Home team rest 2 days 1 .06 0.002 
Home team rest 3 days 1 .08 0.0 1 
Home team rest 4 or more days 0 .57 0.27 
Vis it ing team rest 1 day 0.00 
Vis i t ing team rest  2 days - 1 .55 0.000 1 
Visi t ing team rest 3 days -2.25 0.000 1 
Visi t ing team rest  4 or more days - 1 . 1 3  0.05 

" The model predicts the difference between home team score and 
visiting team score, based on 8,495 observations. The intercept is a 
constant term to which are added the effects of the variables .. The r 
square (percent of variation explained) for both models was 26%; 
8 ,495 observations .  

� A negati ve coefficient  for a variable for the v is i tor indicates a 
better score for the visi tor: reverse for home team. 

games played by an average margin of 4.6 points . De­
fense has apparently improved, as both home and vis­
iting teams scored fewer points over time. The per­
centage of games won by the home team, and the win­
ning margin, decreased significantly during the 8-year 
period. The decrease was primarily a function of a 
lower percentage of field goals made and of fewer free 
throws attempted by the home team. On average, the 
home team had more days off after their previous 
game than did visiting teams. 

Table 2 shows the regression modeling results. 
Model 1 indicates that both home and visiting team 
benefited significantly from having more than I day 
between games ( l .  l point improvement for the home 
team, 1 .6 point improvement for the visitor team) . This 
improvement in performance with more days between 

Sleep. Vol. 20. No. 5, 1 997 

Parameter p value 

Tnten;cpl G .28 0. 1 6  
Home record 2 1  . 1 8  0.0003 
Visi tor record -33 .33 0.000 1 
Vis i ting team, east-west 0.()()1> na 
Visi t ing team, west-east -4.03 0.07 

" The model predic ts the d ifference between home team score and 
visiting team score based on 1 0 1  observations. The i ntercept is a 
constant term to which are added the effects of the variables. Season 
was not a s ignificant predictor of outcome for these data.  

• East-west travel i s  the reference category. 

games was consistent across the eight seasons cons id­
ered. Model 2 categorizes further the days between 
games and shows that the beneficial effect tended to 
peak with 3 days between games for both home and 
vi siting teams, declining after 2::4 days between games. 

We then conducted analyses (not shown) adding 
"travel" variables for direction and distance of travel. 
There were no consistent trends, suggesting that a 
greater distance traveled or the direction of travel de­
creased performance after controlling for days between 
games .  Of the nine travel variables (combinations of 
direction and distance for home and visitor), only one 
was significant at the 0.05 level , indicating a positive 
effect for a visiting team traveling west to east across 
the country. 

To further investigate this last finding, and to inves­
tigate the hypothesis advanced in a prior analysis of 
Monday Night Football games (3), we then restricted 
the data to games in which the visiting team traveled 
across the country, the home team had not traveled, 
and both teams had equal rest with at least 2 days 
between games. Results are shown in Table 3. The 
visiting team did better when it traveled west to east 
rather than east to west (borderline statistical signifi­
cance, p = 0 .07) .  The visitor scored approximately 
four more points relative to the home team, with west 
to east travel rather than east to west travel, almost 
nullifying the home-court advantage . 

DISCUSSION 

We found that performance for both home and vis­
iting teams improved with more than 1 day between 
games, peaking with 3 days between games, and be­
ginning to tail off with 4 days or more between games . 
The pattern conforms to intuition. Performance with 
only 1 day between games is affected negatively, per­
haps because of l ack of sleep or perhaps because of 
lack of time for musculoskeletal recovery. The visit i ng 
team, which is on the road and subject to repeated 
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travel, is affected more than the home team. The tail­
ing off of improvement with more rest is presumably 
due to players starting to lose "sharpness" with too 
many days off. The increase in scores by 1 .  1 points 
for the home team and by 1 .6 points for the visiting 
team with more than 1 day rest is an important im­
provement; in 1 994-1995,  on the average, there was 
only a 3 .2-point difference between winner and loser 
in NBA games. Home teams get somewhat more rest 
between games (averaging 2.24 days vs. 1 . 95 days for 
visitors), which contributes to the home-court advan­
tage. 

On the other hand, we found few effects of direction 
or distance of travel after adjustment for the number 
of days between games. The only significant finding 
was that the visiting team traveling from coast to coast 
in a west to east direction performed significantly bet­
ter than expected. We conducted a subanalysis to an­
alyze this finding further and to mimic the analysis by 
Smith et al. (3) for Monday Night Football games. In 
this analysis, we restricted the data set to 1 0 1  games 
in whi ch the visiting team traveled coast to coast, 
while the home team had not traveled. The visiting 
team again showed improved performance relative to 
the home team when the visitor traveled west to east, 
but not when it traveled east to west. This finding is 
consistent with the analysis of Monday Night Football 
games and might be due the visiting team playing 
night games at times of peak performance (based on 
their internal clock) when they traveled west to east, 
but not when they traveled east to west. 

We could not duplicate the findings from baseball 
games in which one team had traveled coast to coast 
(2) .  In that analysis, the home team did relatively bet­
ter when the visiting team had traveled west to east. 
The authors of the baseball analysis cited literature in­
dicating that resynchronization of circadian rhythms is 
more difficult with west to east travel. Baseball teams 

usually stay in one place for a four-game series, and 
games are not as consi stently pl ayed at night, so re­
synchronization may be more important than the ques­
tion of playing night games at times of peak perfor­
mance (prior to any resynchronization) . 

Our finding that the home-court advantage has been 
diminishing over time was unanticipated. It was ac­
counted for by a relative decrease in field-goal per­
centage and a decreased number of free throw attempts 
for the home team versus the visitor. It is possible that 
the increased mobility of players in the NBA over 
time, with increased free agency, has contributed to a 
diminishing of the home-court advantage. Another 
possibility is the changing standards for referees over 
time, as suggested by fewer fouls called on the visitor 
over time. 

In summary, we found a pronounced effect in which 
fewer days between games, and presumably less rest, 
negatively affected performance for both home and 
visiting teams. Regarding circadian rhythms, in an 
analysis of (mostly night) games in which the visitor 
had traveled coast to coast, we did find some evidence 
that performance was improved for the visiting team 
when they traveled west to east, but not when they 
traveled east to west. 
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