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Travel across time zones may affect player scoring through their circadian rhythm.
We test how team travel affects team scoring for the US National Basketball
Association from 2014-2018, a period that coincides with the start of a new game
scheduler. Next, we test whether a collective bargaining agreement with schedule
restrictions protecting player rest changed the relationship between travel and
scoring statistics. We find eastward travel increases scoring via three-pointers and
field goals. The 2017 collective bargaining agreement mitigates the eastward travel
benefit on scoring and increases scoring overall, suggesting improved fairness and
potential benefits for players and fans.
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Scoring Benefits to Eastward Travel in the NBA
1. Introduction
The average National Basketball Association (NBA) team was valued at $2.12 billion in
the beginning of 2020 (Forbes 2020), representing a 14% increase from 2019. With such a large
industry revolving around a sports league and the competition it creates, perceptions of NBA
fairness are important to uphold as it can affect league viewership, advertising, and sponsors. Yet
Zimmer and Kuethe (2009) find suggestive evidence of bias in the NBA’s playoff tournaments
consistent with financial incentives to ensure teams from larger markets make it to playoffs.
The schedule of play may affect bias and fairness in less strategic ways. Like all
professional athletes, NBA players face a rigorous schedule during the regular season of
competition. Players frequently travel across time zones, often with little time for adjustment of
their body’s circadian rhythm, the internal process responsible for regulating an individual’s
alertness and sleep-wake cycle. Travel has been found to impact player performance in a wide
variety of professional and semi-professional sports leagues, including basketball (Nutting 2009;
Nutting and Price 2017), wheelchair basketball (Thornton et al. 2018), soccer (Roberts et al.
2019), and baseball (Recht et al. 1995). Player performance likely has consequences for team
wins. Analyzing win percentages of the NBA, National Football League, and the National
Hockey League teams over a five-year period, Roy and Forest (2018) cite circadian rhythm as a
key factor for higher win percentages for teams traveling eastward. However, the effect of travel
on player scoring remains poorly understood.
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Using team-level NBA data from 2014-2018, this paper tests whether travel east or west
affects scoring. We consider an important period unassessed in the literature, one that includes a
new NBA scheduler and policy changes from a powerful new collective bargaining agreement.
Like Nutting (2009) and Nutting and Price (2015) found under the previous scheduler, we find
that NBA teams traveling east are more likely to win. The estimated effect of eastward travel on
win percentage is very similar in magnitude and precision to Nutting and Price (2015)’s estimate
for the Fall 2002-Spring 2013 and consistent with results from Roy and Forest (2018). Though
the effect on win percentage from eastward travel is not statistically significant, effects on
scoring are: eastward travel increases field goals and three-pointers. We find some evidence that
new policies from the collective bargaining agreement in 2017 may help address the eastward
travel scoring benefit and increase scoring for all games.
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Institutional Context: Travel, Jetlag and Basketball

2.1 NBA Game Scheduling
In 2014, Matt Winick, stepped down as Senior Vice President of Scheduling and Game
Operations, the position responsible for scheduling NBA games for the entire season. For over
30 NBA seasons, he determined the season schedule for every team as well as playoff schedules
(NBA 2015). The quintessential problem surrounding scheduling NBA games is the availability
of the arenas. NBA stadiums are often utilized for other events, such as concerts and NCAA
basketball games. To remedy the multitude of possible scheduling conflicts, Winick’s model
utilizes an incentive point-based system that assigns points to teams making consecutive days
available for games at their stadium, with each team having to reach at least 50 total points
(NBAStuffer n.d.). Under his reign, Bowman (2013) uses point spreads to indicate that the NBA
has gotten fairer over the previous 20-year period (1990-2009), indicating that Winick has
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improved over time at scheduling games that ensure fair competition. Along similar lines, Kelly
(2010) shows that scheduling bias, contrary to popular belief among NBA coaches, did not exist
over the 5-year period they examined, further supporting the strength of Winick’s scheduling
model towards his final years.
His vacancy was filled by Evan Wasch, who changed certain aspects of the model used to
schedule NBA games. This is our period of inquiry, from 2014-2018, starting when scheduling
responsibility was delegated to a new individual. Our analysis seeks to determine how NBA
scheduling under this new director is affecting players. It has been suggested that Wasch and
colleagues have taken a deeper dive over the past few seasons into scheduling analytics to further
minimize the number of nights a tired team faces a fresh opponent (NBAStuffer n.d.).
Starting from the 2017-2018 season, Wasch expanded the NBA season by a week, doing
away with 4 consecutive days of play for any one team that players dreaded via a collective
bargaining agreement (CBA). This CBA changed scheduling significantly: it lengthened the
season, limited exhibition games before season, and increased mandatory number of days off.
Some of these changes were done explicitly to address concerns over sleep deprivation from
constant travel.

2.2 Jetlag and Sports Performance
Travel east has been found to affect scoring statistics in the NBA. Nutting (2009) tested
this within the NBA from 1990-2007 and found no effect for the first half of the season.
However, in the second half of the season teams produced significantly more wins when east of
their local time zones and significantly less when traveling west. During this period the majority
of NBA games started at 7:00PM-7:30PM local time, meaning when teams travel from
California to New York the visiting team’s circadian rhythm feels as if it is 3:00PM. Likewise, a
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team going from New York to California would effectively begin their games at 10:00PM. If
game start times affect player sleep, this could affect performance. Increased sleep duration
among collegiate basketball players improved sprint times, shooting accuracy, and mean reaction
time (Mah et al. 2011). Other benefits included improved overall feelings of physical and mental
well-being during practices and games from increased sleep. However, these benefits vary across
individuals; among Australian basketball players sleep duration and sleep efficiency were
significant predictors of performance for some individuals, however team-level sleep metrics
failed to predict performance (Staunton et al. 2017).
The time of the game, when traveling, may be important for mediating how travel affects
performance. Using data from the 1991-2013 seasons and game start times, Nutting and Price
(2017) find benefits to eastward travel for day games. When reassessing data used in Nutting
(2009) for the period 1991-2002, Nutting and Price (2017) found that benefits from eastward
travel came from games at or before 4:00PM local time. They found no significant relationship
between time zone and win probability for night games across the whole period and for day
games after the 2002 season. The elimination of the eastward travel benefit during day games
may be due, in part, to improvements in scheduling fairness by Winick over his career as an
NBA scheduler (Bowman 2013).
The interaction of human circadian rhythms and player training may explain why
eastward travel is beneficial. Alertness begins to decline dramatically after twelve hours awake
(Wright et al. 2002). Players likely train and peak their performance for around 7:00PM, when
most games occur in their local time zone. Given this, we hypothesize that athletes traveling
westward may be more tired and playing at a time with lower alertness. Athletes traveling east
may benefit from greater alertness given they are playing earlier in the day, relative to their home
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time zone. Benefits might come in the form of scoring statistics, like more shots made from all
ranges. If this were the case, changes in scheduling that lessen the strain of travel could reduce
benefits from eastward travel.

3 Data
We connect two sources of data for our analysis, data on game statistics and data on
team time zone. To our knowledge, we are the first to assess the effect of travel on these
outcomes.
Game Statistics: Data for each year of the 2014-2018 NBA seasons come from
Basketball-Reference, an organization that collects and publicizes team and player statistics
regularly for public use. The unit of observation is a single game; data are only available at the
team level. While this prohibits estimation of time zone effects on individual players, it
provides a straightforward unit to estimate net performance changes for the team as a whole.
The dataset contained all 4,920 games played in that time period. Data include performance
statistics for both visiting and home teams, such as each team’s points, their field goal
percentage, and assists, as well as general match information. We focus on the scoring
statistics of a team’s win-loss percentage, total score, total field goals scored, total three-point
shots scored, free throws, field goal percentage, three-point percentage, and free throw
percentage. Table 1 contains a statistical summary of each variable used in the analysis.
Time Zones: To analyze possible advantages or disadvantages visiting teams have due
to traveling, we matched teams to their home location time zone. We created indicator
variables to reflect the difference in time zone for away games, one for eastward travel and
one for westward travel. Figure 1 showcases the home locations of various NBA teams and
relates them to time zones across the contiguous United States. Our models do not account for
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the fact that some states do not utilize day light savings time. Omitting this will likely add
measurement error, which will bias our estimates toward zero.

4 Empirical Strategy
We begin by characterizing the relationship between travel and scoring performance.
Next, we test whether this relationship changed after the implementation of the CBA in 2017.
For both empirical analyses, we use ordinary least squares regressions with fixed effects. Our
identifying assumption in our regression involves that the time zone difference is assigned by the
NBA scheduler in a way that minimizes bias. Our regression expressions are

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒!"# = 𝛽$ 𝑊𝑒𝑠𝑡!"# + 𝛽% 𝐸𝑎𝑠𝑡!"# + 𝛾! + 𝛿" + 𝜃& + 𝜎!# + 𝜑"# + 𝜏# + 𝜖!"#

(1)

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒!"# = 𝛽$ 𝑊𝑒𝑠𝑡!"# + 𝛽% 𝐸𝑎𝑠𝑡!"# + 𝛽' 𝐶𝐵𝐴# ∗ 𝑊𝑒𝑠𝑡!"# + 𝛽( 𝐶𝐵𝐴# ∗ 𝐸𝑎𝑠𝑡!"# +
𝛽) 𝐶𝐵𝐴# + 𝛾! + 𝛿" + 𝜃& + 𝜎!# + 𝜑"# + 𝜏# + 𝜖!"#

(2)

where i is home team, j is visiting team, and t is month and year. Key variables in expression 1
are West and East, indicator variables for the game relative to the visitor’s time zone at home.
The omitted category is a time zone difference of 0. Expression 2 is a richer model that
controls for whether the CBA agreement has been implemented or not and interacts the CBA
indicator variable with the east and west travel variables.
We include a suite of fixed effects. These include fixed effects for home team 𝛾! ,
visiting team 𝛿" , month 𝜃& , year 𝜏, home team-year 𝜎!# , and visiting team-year 𝜑"# . Our fixed
effects control for average differences between successful and struggling teams from year to
year during the team building cycle. They also eliminate critical unobserved variables that
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affect team performance, such as seasonal performance patterns (injuries, fatigue). In the
appendix, we assess how sensitive our results are to inclusion of fixed effects.
For the Win outcome, an indicator variable, estimates are based on linear probability
models to provide easily interpreted coefficients. As data are recorded on each team
individually, we cluster our standard errors by team. Error distribution for the regressions
followed normal patterns. Data cleaning and analysis was done using R.

4.1 Assumptions and Limitations
Our models assume that games are fairly assigned regarding time zone difference to
minimize bias. Time of the game and date it is played is not randomly assigned but is
supposedly done by the league to balance both the alleviation of player exhaustion and the
reduction of costs. The league’s commitment to maintain fairness should mitigate bias, but
scheduling to reduce costs might introduce bias under some circumstances.
Our paper has limitations. First, though we observe every NBA game over the 4-year
period and have data on every combination of team pairs, we cannot separate out team-team
match ups from time zones. This means there might be unaccounted for effects driven by
specific playstyle interaction between teams (perimeter focused teams vs traditional post
teams). However, this would be true in both directions as each team will have a home game
and away game against each other.
Another limitation is that we do not account for accumulated fatigue. Our model
estimates the average across all games within the travel category, after adjusting for month fixed
effects. If adjusted to their new time zone after playing several games, we might expect benefits
or costs to travel to attenuate over the course of several games. This would bias our estimates
toward zero. Two other game factors that we do not include, game frequency and time of game,
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may also affect outcomes. If these factors are unassociated with the direction of travel, omitting
these factors should increase measurement error, again biasing our estimates toward zero.

5 Results
We begin by presenting results for how eastward and westward travel from a home
stadium affects scoring statistics, both raw outcome and, where appropriate, the percentage of
winning shots. Next, we test how these relationships change after policies are put in place for
the 2017 collective bargaining agreement.

5.1 Examining the 2014-2018 Seasons Together
For our period of inquiry, which is the debut of the new NBA scheduler, we find
significant effects from travel on scoring performance but not for our estimate for the win
indicator. In Panel A of Table 3, eastward travel of at least one time zone is associated with an
increase in the likelihood of winning of 1.6%, however the estimate is not statistically
significant. However, for scoring outcomes there is stronger evidence of an eastward travel
benefit. Eastward travel is associated with an increase of 1.3 total points scored, which is
about 1.3% of the average points scored per game from Table 1. Teams make an additional
0.75 field goals a game and 0.3 more three-point shots. Interestingly, teams make 0.5 fewer
free throws per game on average. If we calculate the change in points caused by the change in
number of shots made, we arrive almost precisely at 1.3 as our other model predicts, meaning
no matter what metric we examine, either total points or shots made, teams traveling east are
scoring more points and thus are performing better on average. In general, all estimates are
robust to different sets of fixed effects (see Appendix tables).
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Moving to panel B, we find a more nuanced story for the percentage of shots made.
Eastward travel is associated with an increase of 0.7% for field goals, and this estimate is
statistically significant at the ten percent level. The coefficients for the percentage of threepoint shots and free throws are closer to zero and not statistically significant.

5.2 Collective Bargaining Agreement
Before the CBA was implemented, we see statistically significant positive effects for
teams traveling east. In Table 4, we find that eastward travel before the CBA is still associated
with greater team points, field goals, and three-point shots. Total points increase by 1.98, most
likely as a result of increased three-point shots and overall field goals, which have coefficients
of 0.57 and 0.89 respectively. The association with free throws is still negative but no longer
statistically significant.
The CBA decreased the number of times teams must play consecutive games, among
other changes, and we might expect some changes in scoring regardless of travel. Indeed, we
find a dramatic impact on total number of three-point shots made for all teams. The CBA is
associated with an increase of 3.55 three-point shots per game and the estimate is statistically
significant.
Better rest from policies to satisfy the CBA may also impact scoring when on the road.
For all scoring statistics, the CBA interactions appear to offset the benefits from travel preCBA. With the exception of free throws, the coefficients for the post-CBA period and
eastward travel have an opposite sign from before the CBA. However, none of the estimates
are precisely estimated. The coefficient on the interaction between CBA and eastern travel for
three-point shots is -0.69 and is significant at a 10% level, effectively negating the pre-CBA
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benefit from eastward travel on three-point shots. The westward travel CBA interactions are
close to zero and insignificant.

6 Discussion and Conclusion
Using data collected from 2014-2018 on NBA statistics for each team, we found
evidence that under the new NBA scheduler teams score better when traveling eastward.
Improved scoring performance included overall team points, field goals, field goal percentage,
and three-point shots. To our knowledge, our paper is the first to look at how travel affects
team scoring metrics, an important outcome for sports betting markets.
For win percentage, we find eastward travel increases the likelihood of winning by
1.6%, however the estimate is not statistically significant. Our coefficient for win percentage
is nearly identical in magnitude and precision to the estimate from Nutting and Price (2015)
for all games between Fall 2002-Spring 2013, 1.2%, under the previous NBA scheduler’s
regime. We conclude that under the new NBA scheduler there has likely been no change in
the eastward travel benefit, as compared to the previous NBA scheduler.
We also assessed whether a new, powerful collective bargaining agreement changed
benefits from eastward travel. We find that for most outcomes, the CBA reduced the benefits
to scoring from eastward travel, though our coefficients are imprecisely estimated. The CBA
seems to have had the greatest impact on three-point shooting, nearly eliminating the eastward
travel benefit.
Though we are unable to directly test the mechanism driving our results, our results
support the hypothesis that travel and circadian rhythm, which affects player alertness and rest,
may be what drives increases in scoring and winning when traveling eastward. Our results are

12

consistent with Roy and Forest (2018), who find benefits to eastward travel for basketball,
football, and hockey teams which they link to circadian rhythm. Circadian rhythm and alertness
peaks earlier in the day, with alertness deteriorating particularly fast after twelve hours awake.
Given most NBA games are in the evening, travel east lets players compete with an earlier
internal clock, which seems to give them an edge in scoring. The collective bargaining
agreement of 2017 added protections to players sleep and greater recovery within their travel
schedule, which seems to have increased scoring overall and reduced the benefits from eastward
travel.
Eliminating bias within schedules is vital for fair play. Fair play affects not only the
league’s reputation, and thus fan and investor support, but also betting markets. Currently,
betting markets fail to properly adjust for player fatigue (Ashman et al. 2010). As sports
betting becomes legal in a growing number of states, the importance of fair scheduling and
mitigating bias NBA is magnified. We discovered a new benefit from eastward travel,
increased scoring, which can affect betting markets. We also find the new scheduling policies
for the 2017 collective bargaining agreement seem to have helped with player fatigue and
resulted in higher scoring. Given scoring by away teams increases fan interest and game
attendance (Copenhaver 2008), we conclude that the policies from the collective bargaining
agreement may have benefited both players and the league alike.
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8. Tables
Table 1: Summary Statistics

Notes: Data are from Basketball-Reference over the 2014-2018 period, Win Loss was the only variable altered, as it
was converted to be binary.
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Table 2: Distribution of Time Zone Difference

Notes: Data are from Basketball-Reference over the 2014-2018 period. A HomeTZ value of 0 indicates Pacific Time
Zone, 1 indicates Mountain Time Zone, 2 indicates Central Time Zone, 3 indicates Eastern Time Zone. West 3
indicates how many games that team has played three time zones to the west, with similar interpretations for the
other columns.
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Table 3: Scoring Metrics

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Regression includes fixed effects for home team, opponent, month, year, home team x year, opponent x
year. Standard errors are clustered by home team.
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Table 4: Scoring Metrics w/ CBA Agreement

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Regression includes fixed effects for home team, opponent, month, year, home team x year, opponent x
year. Standard errors are clustered by home team.
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9. Figures
Figure 1: NBA team locations

Notes: Each icon represents a city where an NBA team is located, similar color and icon indicates that those cities
are in the same time zone. Circular icons represent cities with teams in the Pacific Time Zone. Upside down
triangles indicate Mountain Time Zone. Squares represent Central Time Zone. Traditional triangles indicate Eastern
Time Zone. Note, Arizona does not observe daylight savings time, potentially impacting Phoenix Sun game data.
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10. Appendix
Table A: Win-Loss Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the Win-Loss variable to different sets of fixed effects. Regression (1)
is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2) with interaction
terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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Table B: Team Points Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the Team Points variable to different sets of fixed effects. Regression
(1) is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2) with
interaction terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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Table C: Field Goals Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the Field Goals variable to different sets of fixed effects. Regression
(1) is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2) with
interaction terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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Table D: 3 Point Shots Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the 3 Point Shots variable to different sets of fixed effects. Regression
(1) is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2) with
interaction terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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Table E: Free Throw Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the Free Throws variable to different sets of fixed effects. Regression
(1) is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2) with
interaction terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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Table F: Field Goal Percentage Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the Field Goal Percentage variable to different sets of fixed effects.
Regression (1) is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2)
with interaction terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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Table G: 3 Point Shot Percentage Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the 3 Point Shot Percentage variable to different sets of fixed effects.
Regression (1) is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2)
with interaction terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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Table H: Free Throw Percentage Fixed Effects Testing

Notes: N=4,920. *p<0.1; **p<0.05; ***p<0.01. Data are from Basketball-Reference over the 2014-2018 period,
each observation is an NBA game. N=4,920. Coefficient estimates from an OLS regression, standard errors are in
parentheses. Table demonstrates robustness of the Free Throws Percentage variable to different sets of fixed effects.
Regression (1) is the simple regression, (2) contains covariates Team, Opponent, Month, and Year. (3) contains (2)
with interaction terms. (3) is the model utilized in main results. Standard errors are clustered by home team.
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