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Abstract. This study investigates the home-ice offensive advantage in
the National Hockey League (NHL) across game contexts. Using four
seasons (2021-2025) of NHL play-by-play data, we estimate home and
away team offensive production during even strength and one-man power
plays. Additionally, we model power play success as a function of home
status and offensive production. Wilcoxon rank-sum and Mann-Whitney
U tests show the home team has a significantly higher Corsi rate, Fenwick
rate, xG rate, and average xG per shot compared to the away team
during even strength stints and in comparison of one-man power plays.
Further tests reveal that the home-ice advantage is disproportionately
concentrated during the power play. After controlling for shot quantity
and quality, home teams maintain roughly 10% higher odds of power play
success. Home teams produce 4.27% more Corsi during the power play
compared to 2.02% more during even strength and 3.88-3.91% higher
average xG per shot compared to 1.55-2.76%.

Keywords: Expected goals · shot quality · crowd effects · penalty dis-
cipline.

1 Introduction

The home advantage (HA) phenomenon is well documented across sports [1–3].
This phenomenon stipulates that teams playing in their home venues, ceteris
paribus, hold a slight advantage over their opponents. The advantage held by
home teams is theorized to be most pronounced in indoor sports such as ice
hockey and manifests as a performance increase on the offensive end of the game
rather than on defense [1]. These considerations motivate the present study.

A difficulty in evaluating offensive performance in a sport like hockey is that
scoring events are infrequent. In the past four completed National Hockey League
(NHL) seasons, just one team eclipsed the four-goals per-game mark over an en-
tire season. Therefore, the evaluation of offensive performance is best suited
through the use of shot volume and quality metrics. An important aspect of
hockey gameplay that drastically changes offensive production is that of the
power play. Teams are awarded power plays–short-term advantages in the num-
ber of players on the ice–when their opponent commits a penalty. While the of-
fensive advantage during a power play is apparent, how it differs between when



the home team is on the power play compared to when the away team is on the
power play is unknown.

This paper aims to empirically test whether the HA is present in offensive
performance in modern NHL play. Using play-by-play data from four recent NHL
seasons (2021-2022 to 2024-2025), we derive stints–continuous periods of time
where the relative strength between teams remains stable–to test how the HA
varies across different game contexts. That is, we compare offensive production
at even strength and during one-man power plays. To the best of our knowledge,
this is the first study to assess HA in offensive production across game contexts,
offering a more granular view of where within the structure of a game the HA
is most concentrated. Our findings suggest the home-ice advantage is present
across all game contexts and metrics. The home team systematically creates
more shot attempts and greater scoring chances at even strength and during
one-man power plays compared to the away team. Furthermore, we find some
evidence that there is a statistically significant greater advantage during the
power play compared to at even strength.

The remainder of this paper is organized as follows: Section 2 explores the
literature on the HA. Section 3 describes the data and methodology utilized.
Section 4 provides the results of our analysis and Section 5 concludes the paper.

2 Related Literature

The HA phenomenon has prevalent support across many sports [1–3]. Courneya
and Carron [2] provide a framework for the sources of HA, identifying four game
location factors that may benefit the home team: crowd, learning (familiarity
with the venue), travel, and rules. We use this framework to organize the relevant
literature before turning to how these factors bear on offensive production in the
NHL.

Home crowds are a major theorized element of a home team’s advantage,
where attendees may provide social support for the team and present a hostile
environment for the visiting team. Beyond direct motivational effects, crowds
are suggested to influence refereeing decisions in favor of the home team in
German football [4] and the National Basketball Association [5]. In the NHL
context, home teams receive more power play opportunities than the away team
[6, 7], and controlling for home team status, each one-unit increase in power play
opportunities has been found to increase win probability by 1.6% [7]—a finding
that directly links referee behavior to game outcomes.

The COVID-19 pandemic provided an ideal natural experiment to isolate the
crowd contribution to HA. In both the NHL and the Canadian Hockey League
(CHL), [8] find no significant differences in penalties awarded between home
and away teams when fans are absent, compared to a significant home bias in
their presence. Similarly, [9] finds that away teams scored more goals and were
awarded more power play opportunities during no-crowd pandemic games in the
top Norwegian ice-hockey league. [10] find that the HA was dampened in the
top professional ice-hockey league in the Czech Republic during the pandemic as



well. Comparatively, [11] do not find any difference in HA during the pandemic
in Major League Baseball (MLB) games without fans, which may suggest the
crowd effect on HA operates primarily through refereeing decisions rather than
player performance directly.

Beyond referee behavior, crowd effects may also shape player performance
through psychological and physiological channels. [12] tracked pre-game hor-
monal and psychological assessments for players of a CHL team before home
and away games, finding that players report greater self-confidence and lower
anxiety before home games and measure higher testosterone and cortisol levels
before home games compared to away games. These differences in pre-game state
plausibly translate into the offensive performance advantages documented in the
literature [1, 13].

Familiarity with the home venue may have a particular effect in ice hockey
as it relates to geographic regions. As [14] find, regional weather patterns can
impact the playing surface of ice hockey rinks. Areas with higher temperatures
and greater humidity can increase the temperature inside the venue, causing
wetter, slower ice compared to colder Northern areas.

The necessary travel required from visiting teams can negatively impact per-
formance by introducing fatigue and circadian rhythm disruptions [15]. Circadian
disruptions have been shown to impact the number of penalties committed [16].
Therefore, part of the disparity in penalties committed between home and away
teams might also be attributed to travel requirements rather than simple crowd
influence on referees.

The NHL provides several rules that favor the home team, such as last line
changes and last stick position on faceoffs. Multiple studies find that part of
the HA effect is absorbed when including faceoff win differentials, which may
be influenced through these rules [6, 7]. Rule changes can also affect HA in less
direct ways. [17] replicated [18] to examine HA across regulation, overtime, and
shootouts, extending the earlier work to account for the rule change that moved
overtime from 4-on-4 to 3-on-3. While this rule change was not designed to affect
HA, [17] finds that superior and evenly-matched home teams are more likely to
win in regulation than overtime, while inferior home teams are more likely to
win in overtime than regulation—suggesting that reducing player counts serves
as an equalizer that partially offsets the HA.

While the factors above help explain why HA exists, [1] posits that from a
team performance perspective, HA largely presents as better offensive perfor-
mance from the home team with an insignificant difference in defensive perfor-
mance. Indeed, [13] finds that top CHL players record a greater number of points
when playing at home. At the NHL level, [7] show that Corsi percentage—a shot
attempt differential metric—is higher for the home team across their sample, pro-
viding aggregate-level evidence that offensive shot generation reflects the HA.
However, this aggregate finding does not speak to whether the advantage is uni-
form across game contexts or whether it is amplified during specific situations
such as the power play. This study addresses that gap directly.



We contribute to the HA literature in ice hockey by evaluating offensive
production differences between home and away teams across game contexts. We
use both shot quantity and quality metrics to determine whether the home team
generates more and higher quality shots than the away team, and whether this
advantage differs between even strength and power play situations. To the best
of our knowledge, this is the first study to assess HA in offensive production
across game contexts. Critically, we further test whether the HA in power play
success persists after accounting for the offensive production generated during
those power plays–finding that it does, which points toward mechanisms beyond
shot generation as drivers of the HA.

3 Data and Methodology

We collected play-by-play data from the NHL’s API (api-web.nhle.com) as well
as shot-centric data from Evolving-Hockey (evolving-hockey.com) and Money-
Puck (moneypuck.com) for all regular season games over the past four completed
NHL seasons (2021-22, 2022-23, 2023-24, 2024-25). The play-by-play data rep-
resents our main data source comprised of time-stamped major events in each
NHL game such as shots, hits, goals, and penalties. The shot-centric data from
Evolving-Hockey (EH) and MoneyPuck (MP) are joined to the play-by-play data
to provide expected goal (xG) estimates from each site’s xG model as well as
contextual data such as shot distance and angle calculated by EH and rebound
and rush dummy variables from MP. The rebound variable takes a value of one
if the most recent event before the shot was a previous shot by the same team
within the past three seconds and the rush variable takes a value of one if the
shot was preceded by an event that took place in a different zone within the past
four seconds.

3.1 Deriving Stints for each Game

To accurately assess offensive production by the home and away teams across
different strengths, we first derive "stints" within each game. A stint is considered
a period of a game in which the relative strength between the two teams does
not change. For example, the first stint of each game starts at the initial puck
drop and ends when the first power play begins. We do not consider overtime or
shootout periods for our analysis. A visual representation of the time elapsed in
a game and the derived stints for such game is provided in Figure 1. Summary
statistics for stint durations across strength differences are provided in Table 1.
The mean, median, min, and max columns represent the duration of stints in
seconds.

3.2 Comparing Offensive Production Between Teams and Game
Contexts

Deriving stints for each game allows us to compare offensive production by the
home and away teams based on different game contexts and stint durations.
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Fig. 1. Visualization of each stint within a game.

Table 1. Summary statistics of stints by HA state.

Strength State N % of Stints Mean (s) Median (s) Min (s) Max (s)
Away +2 (−2) 452 0.70 48.63 42.0 1.0 120.0
Away +1 (−1) 14,299 22.20 99.91 120.0 1.0 386.0
Even (0) 33,604 52.18 472.76 337.0 1.0 3600.0
Home +1 (+1) 15,522 24.10 98.55 120.0 1.0 346.0
Home +2 (+2) 526 0.82 48.71 45.0 1.0 120.0
All 64,403 100.00 293.35 120.0 1.0 3600.0

Since goals are infrequent events in hockey, better measurements of offensive
production are available. In particular, rate statistics may better capture how
well a team’s offense is performing. Analysis using rate statistics requires a time
duration to be known, motivating the creation of stints within each game.

We adopt the analysis conducted by [19] which compares Corsi rates between
teams before and after fights occur. Corsi rates allow us to test for differences in
shot volume between the home and away team.

CorsiRate =

∑n
i=1 1[eventi ∈ {Goal, ShotonGoal,MissedShot,BlockedShot}]

t
(1)

Additionally, we compare Fenwick rates, which represent all unblocked shots,
which are the sample of shots that xG is calculated for.

FenwickRate =

∑n
i=1 1[eventi ∈ {Goal, ShotonGoal,MissedShot}]

t
(2)



Shot quantity is not fully indicative of team performance, however, as not
all shots have equal probability of scoring. Therefore, we leverage the xG model
from EH and create a "naive" xG model to compare shot quantity and quality.
Similar to Corsi/Fenwick rate, we calculate xG rate across stints by summing
xG values for all Fenwick shots by a team during a stint divided by the stint
duration. We originally set out to compare team performance using MP’s xG
model as well, but found their xG values for away team shots during the power
play to be problematic. This is apparent in the summary statistics provided in
Table 4, where the median xG from the MP model during one-man away power
plays is significantly lower compared to the other two models and the standard
deviation is significantly higher.

xGRate =

∑n
i=1 xGi · 1[eventi ∈ {Goal, ShotonGoal,MissedShot}]

t
(3)

Creating a Naive xG Model While we leverage the xG model created by
EH for offensive production comparisons, the essential research question for this
study is whether home teams generate better offense than away teams across
different game contexts. EH’s model incorporates contextual data such as a
home dummy variable and the current strength state. The home dummy should
account for any variation in goal probability by team status, ceteris paribus,
although EH’s XGBoost model’s gain from this variable is rather small and
the effect itself is unknown [20]. While these variables increase the accuracy of
predicting goals, they naturally bias the estimates of shot quality. Rather, our
naive model only utilizes location and gameplay data and therefore provides a
team-independent measurement of shot quality.

We train a logistic regression model to compute xG for the shots in our
dataset using location and prior event data. Since our goal with this model is to
provide a team-independent measure, we are simply aiming to maximize predic-
tive accuracy. Therefore, we relax concern for multicollinearity in a traditional
econometric interpretation of the model. The independent variables used for this
model are described in Table 2.

As can be seen in Table 3, which displays the diagnostic measurements of
each model, the MP model performs with the highest AUC while the naive model
performs the worst, albeit in close range to both EH and MP. Furthermore, the
summary statistics for each xG model’s predictions across game contexts are
provided in Table 4.

3.3 Empirical Strategy

Our first analysis evaluates whether the HA exists in offensive production dur-
ing even strength and power plays. We run a series of Wilcoxon rank-sum and
Mann-Whitney U tests for Corsi rate, Fenwick rate, xG rate, and average xG
per shot comparing offensive production between the home and away teams. We



Table 2. Features included in the Naive xG logistic regression model.

Feature Group Description
Shot distance Distance from net (ft); quadratic term included
Shot angle Absolute angle from center of net (degrees)
Distance × angle Interaction between distance and angle
Rebound Binary indicator (shot within 3 seconds of prior event)
Rush Binary indicator for rush shots
Time since last event Continuous (capped at 10s); interacted with distance
Rebound × distance Interaction capturing close-range rebound danger
Rebound × angle Interaction capturing angular rebound danger
Shot type Categorical dummies (wrist as reference): snap, slap, backhand,

tip-in, deflected, wrap-around, poke, bat, between-legs, cradle
Note: Model estimated via L2-regularized logistic regression (C=1.0).
All continuous features standardized prior to estimation.
Trained on 2021–22 through 2023–24 seasons; evaluated on 2024–25.

Table 3. Comparison of expected goals (xG) models across 447,708 Fenwick shot
attempts.

Model Mean xG AUC Log Loss Corr. w/ EH Corr. w/ MP
EH (Evolving Hockey) 0.0725 0.7552 0.2262 — 0.7892
MP (MoneyPuck) 0.0710 0.7864 0.2141 0.7892 —
Naive 0.0702 0.7183 0.2349 0.6759 0.5806

conduct Wilcoxon rank-sum tests for even strength stints since these are depen-
dent observations between the two teams in the same stint. For comparing the
offensive production of power plays across home versus away status, we leverage
the Mann-Whitney U test since we are not comparing the same stints. For tests
comparing average xG per shot, we restrict the even strength stints sample to
those which feature at least one Fenwick shot per team (76% of even strength
stints) and we restrict the power play stints sample to those that feature at least
one Fenwick shot for the power play team (78-79% of power play stints).

We follow this initial analysis with Mann-Whitney U tests at the game-level
using games which feature 1) at least one home one-man power play, 2) at
least one away one-man power play, and 3) at least one Fenwick shot attempt
recorded for each team during their power plays, accounting for roughly 96% of
all games in our dataset. These tests at the game-level compare the percentage
difference in rates between the home and away teams at even strength compared
to percentage difference in rates during power play periods. Therefore, these
tests answer whether HA differs during different games contexts.

Lastly, we test whether the HA exists in power play success. A successful
power play ends with the power play team scoring a goal while an unsuccessful
power play either terminates through the expiration of the penalty or the power
play team committing a penalty, ending their advantage. Using "clean" one-
man power play stints, we specify logistic regression models using a home team
dummy, the power play team’s score margin, time remaining in the game, score



Table 4. Summary statistics of xG values by game context and shooting team.

Model Context n Mean Med. SD

Naive xG
Even Strength (Home) 189,698 0.069 0.052 0.055
Even Strength (Away) 182,346 0.067 0.050 0.054
Home PP 33,098 0.082 0.063 0.055
Away PP 29,582 0.081 0.062 0.056

EH xG
Even Strength (Home) 189,698 0.067 0.037 0.088
Even Strength (Away) 182,346 0.066 0.035 0.088
Home PP 33,098 0.105 0.082 0.082
Away PP 29,582 0.104 0.081 0.081

MoneyPuck xG
Even Strength (Home) 189,698 0.066 0.036 0.087
Even Strength (Away) 182,346 0.067 0.035 0.090
Home PP 33,098 0.100 0.077 0.082
Away PP† 29,582 0.087 0.011 0.198

† MoneyPuck xG exhibits a notably problematic distribution for away team shots
during away one-man power plays (median = 0.011, SD = 0.198), diverging sub-
stantially from both Naive xG and EH xG for the same context.

margin interacted with time remaining, and the total xG produced by the power
play team to control for offensive production. Clean power play stints fit the
following criteria:

– The penalty is a two-minute minor.
– The stint begins with no other active penalties.
– Another penalty is not committed during the power play by the power killing

team.

Clean power plays represent about 83% of all -1 or +1 stints. While these
criteria reduce heterogeneity in power play situations, we acknowledge that the
types of infractions leading to penalties and the game contexts in which they
occur may not be uniform across home and away teams, representing a potential
source of selection bias that future work could address more explicitly.

4 Results

The results of our initial comparisons are displayed in Table 5. All tests are
statistically significant for the home team, although effect sizes are quite mini-
mal. These results suggest home teams produce more shots and greater scoring
chances during even strength and in comparison of one-man power plays.

The results of the game-level Mann Whitney U tests are provided in Table
6. All means and medians are positive, suggesting that the home team produces
higher Corsi rates, Fenwick rates, xG rates, and average xG per shot across even
strength and power play contexts at the game-level. Further, the tests for Corsi
rate, average Naive xG, and average EH xG are significant, suggesting the HA
effect is significantly higher during the power play compared to even strength.
While the Fenwick rate, Naive xG rate, and EH xG rate are not statistically



Table 5. Home vs. away performance rates (per 60 min) and average xG per shot at
even strength and during one-man power plays.

Metric Comparison Home Home Away Away n p |r|
Mean Med. Mean Med.

Corsi Rate Even strength† 58.72 55.30 57.43 54.00 33,604 <0.001 0.027
Power play‡ 101.38 75.79 96.06 62.07 15,522/14,299 <0.001 0.037

Fenwick Rate Even strength† 43.49 38.98 41.84 37.50 33,604 <0.001 0.033
Power play‡ 99.53 69.90 94.11 60.00 15,522/14,299 <0.001 0.037

Naive xG Rate Even strength† 3.08 2.39 2.90 2.24 33,604 <0.001 0.045
Power play‡ 8.62 5.18 8.03 4.73 15,522/14,299 <0.001 0.042

Naive xG Avg.§ Even strength† 0.068 0.065 0.067 0.063 24,918 <0.001 0.038
Power play‡ 0.080 0.073 0.079 0.071 13,333/12,037 <0.001 0.025

EH xG Rate Even strength† 3.10 2.02 2.91 1.86 33,604 <0.001 0.047
Power play‡ 11.36 6.27 10.47 5.73 15,522/14,299 <0.001 0.041

EH xG Avg.§ Even strength† 0.069 0.057 0.067 0.055 24,918 <0.001 0.039
Power play‡ 0.102 0.089 0.100 0.087 13,333/12,037 0.003 0.022

† Wilcoxon signed-rank test (paired within stint); ‡ Mann-Whitney U test (un-
paired); § Restricted to stints with at least one Fenwick shot from each team.

significant, the percentage difference between the home and away teams is higher
in the power play context compared to even strength. These results suggest the
HA is statistically greater on the power play in terms of shot quantity and
quality, but not in total xG.

Table 6. Game-level power play vs. even strength HA differentials.

Metric Comparison ES Diff ES Diff PP Diff PP Diff n p |r|
Mean Med. Mean Med.

Corsi Rate per 60 2.00 2.02 5.88 4.27 5,038 0.005 0.030
Fenwick Rate per 60 3.96 3.28 6.25 4.02 5,038 0.141 0.012

Naive xG Rate per 60 5.97 5.43 8.05 5.80 5,037 0.169 0.011
Avg. per shot§ 2.10 1.55 5.25 3.88 5,037 0.017 0.024

EH xG Rate per 60 5.92 6.09 8.19 6.58 5,037 0.104 0.015
Avg. per shot§ 2.15 2.76 5.45 3.91 5,037 0.043 0.020

All tests are Mann-Whitney U (one-sided: PP diff > ES diff). Diff columns report
the percentage difference in home vs. away rates per game. § Restricted to games
where at least one team generated a Fenwick shot on the power play.

The results of the comparative analyses in Table 6 are visualized in Figure 2.
The median percentage difference for the home team is compared between game
contexts for each metric, where the left (blue) bar represents even strength and
the right (orange) bar represents power plays. The significance level of the Mann-
Whitney U tests are denoted above the power play bars.
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The power play success logistic regressions are displayed in Table 7. Standard
errors are clustered by game and team-season fixed effects are supplied. The
first model only considers the home dummy, which suggests the home team has
about 11% greater odds in converting. The score margin and the amount of time
remaining in the game do not appear to have a substantial impact on power
play success. Both xG estimates are statistically significant in Models 2 and 3.
However, the home dummy’s statistical significance also persists. Furthermore,
the controlling of offensive production through the xG variables hardly reduces
the home dummy’s estimate to roughly 10% greater odds in converting.



Table 7. Power play success logistic regression results.

(1) (2) (3)
No xG EH xG Naive xG

Intercept −1.2761∗∗∗ −1.5013∗∗∗ −1.4917∗∗∗

(0.1667) (0.1691) (0.1686)

Home PP 0.1059∗∗∗ 0.0923∗∗∗ 0.0921∗∗∗

(0.0316) (0.0319) (0.0318)

Score Margin −0.0184 −0.0161 −0.0127
(0.0170) (0.0172) (0.0172)

Time Remaining 0.0000 0.0000 −0.0000
(0.0000) (0.0000) (0.0000)

Score Margin × Time Remaining 0.0000∗ 0.0000∗ 0.0000
(0.0000) (0.0000) (0.0000)

EH xG (PP Team) − 1.0700∗∗∗ −
(0.0628)

Naive xG (PP Team) − − 1.3465∗∗∗

(0.0843)

Team × Season FE Yes Yes Yes
N 24,837 24,837 24,837
Log-Likelihood −12759.14 −12629.12 −12649.43
Pseudo R2 0.0105 0.0206 0.0190
AIC 25782.28 25524.24 25564.87
∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.10. Dependent variable: PP success (1 = PP
team scored). Clustered standard errors by game_id in parentheses. Score margin
is measured from the PP team’s perspective (positive = leading).

5 Conclusion

In this paper, we aim to evaluate the home advantage in modern National Hockey
League games. In particular, we investigate how HA is present in offensive pro-
duction and how this may differ across game contexts. By deriving stints of
gameplay where relative team strength remains stable, we compare shot quan-
tity and quality between home and away teams at even strength and during one-
man power plays. Furthermore, we test whether the magnitude of the HA differs
between even strength and power play instances. Lastly, we modeled power play
success as a function of home status and offensive production.

The results of our analysis support the notion from [1], which suggests the
HA is particularly pronounced in offensive performance. Across the stint-level
and game-level comparative analyses, the home team produces significantly more
and higher quality shots than the away team. This superior production occurs
both during even strength and power play contexts.

Furthermore, the results from Table 6 suggest that the HA is significantly
greater during the power play than during even strength. We find evidence that
the percentage increase in Corsi Rate and xG average per Fenwick shot, across



both Evolving-Hockey’s and our own xG model, by the home team over the away
team is significantly higher during the power play compared to even strength.
Additionally, the HA impact on power play success goes beyond the increase
in shot quantity and quality, as accounting for xG on the power play does not
absorb the significance of the home dummy in our models. This suggests that the
HA in power play conversion operates through channels beyond shot generation–
plausibly including crowd-driven pressure on opposing penalty killers, heightened
player confidence in home settings [12], or officiating tendencies that influence
how power play situations unfold [8, 9].

These results are particularly noteworthy, as power plays provide heightened
scoring opportunities, which seemingly would provide away teams an equalizer.
However, coupling these results with the finding that home teams are generally
awarded more power play opportunities [6, 7], the home team gains a major
advantage on the power play. Therefore, while the away team may be inhibited
by the home crowd’s influence on referee decisions [8, 9] and circadian rhythm
disruptions [16], a less-aggressive playing style during road games may help to
diminish the HA, particularly given that the power play represents the context
in which that disadvantage is most acute.

From a coaching perspective, these results underscore the importance of road
penalty discipline. Away teams that limit penalties not only avoid surrendering
power play opportunities but deny the home team the game context in which
their advantage is most concentrated. Road teams may therefore benefit from
prioritizing defensive structure over offensive aggression, accepting a trade-off
in shot generation in exchange for reducing the home team’s most favorable
conditions.
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