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Abstract

This thesis investigates two elements of hockey widely believed to be critical to suc-
cess: puck possession and traffic (skaters who are in or near the triangular area formed
between the puck and the posts during a shot attempt). Our analysis draws on puck and
player tracking (PPT) data from the 2023–2024 and 2024–2025 NHL regular seasons. We
determine average team puck possession percentage, defined as the average proportion of
total game time that each team has possession of the puck. We find that this metric has
only a moderate correlation with average goal differential (r=0.56). To further explore how
different aspects of possession relate to team success, we compute additional metrics, in-
cluding Average Offensive Zone Possession Time Differential (Avg. OZPTD). This captures
the difference between the time a team spends with possession in the offensive zone and
the time their opponents spend with possession in their offensive zone. We find a strong
correlation (r=0.77) between Avg. OZPTD and average goal differential. Further analysis
shows that Avg. OZPTD is stable across games, effectively distinguishes between teams,
and, despite being correlated with existing metrics like Shot Attempt Percentage (SAT%),
offers additional predictive value for goal differential. SAT% (also known as Corsi) refers
to the percentage of total shot attempts that each team takes.

We also study the relationship between the amount of skaters creating traffic during shot
attempts and shot outcomes. Our findings show that increased levels of traffic significantly
increase the percentage of shot attempts that are blocked and reduce the chance of a shot
attempt resulting in a shot on goal. Overall, we find that 29% of all shot attempts are
blocked and that the highest goal rates occur from the center of the ice on short-to-mid-
range attempts with no traffic present. For long-distance shot attempts that reach the
goaltender, scoring probability increases with traffic. We also show that defensive skaters
primarily reduce shot-on-goal rates but can inadvertently increase goal likelihood on mid-
range shot attempts (23-45 feet) presumably due to screening their own goaltender.

Together, the findings in this thesis offer valuable insights into how puck possession
contributes to team success and how traffic influences shot outcomes. In addition to these
empirical results, we contribute a suite of methodological techniques that can support
future analysis of possession and traffic. We present a comprehensive pipeline for cleaning,
filtering, and processing individual possession data sourced from the NHL’s puck and player
tracking system which is an essential foundation for our findings and a resource for future
research. We also describe how we assemble a set of shot events by aligning official NHL
API shot data with shot attempts in the PPT data. This involves adapting the NHL’s own
inference algorithms to identify undetected shot attempts and applying custom techniques
to improve timestamp accuracy.
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Chapter 1

Introduction

This thesis proposes new methods for extracting and analyzing information about team
puck possession and traffic (skaters that are in or near the triangular area between the
puck and the posts during a shot attempt) using puck and player tracking (PPT) data
from the National Hockey League (NHL).

1.1 Motivation

During the 2021–22 season, the NHL introduced PPT technology across all arenas, us-
ing light-emitting infrared diodes (LEDs) embedded in the puck and player sweaters to
collect high-frequency, high-resolution spatiotemporal data. Through a partnership be-
tween Rogers, the NHL, and the University of Waterloo, we obtained access to this data.
In contrast to other major sports like soccer and basketball, where tracking data has al-
ready transformed player and team evaluation and analysis (see Section 2), hockey is only
beginning to explore the potential of this rich data source.

This thesis is motivated by the opportunity to explore what PPT data can reveal
about two core but historically under-analyzed elements of hockey: team puck possession
and traffic during shot attempts. Both are frequently discussed by coaches, players, and
broadcasters as key factors in team success, but their impact has rarely been quantified
rigorously. In the early 2000s, analysts began to estimate possession by using proxies like
the percentage of shot attempts (SAT%, also known as Corsi) [63]. Then in 2013, Tulsky
et al. [64] demonstrated that entering the offensive zone with possession leads to more
than twice as many shots and goals as dump-ins, helping to drive a broader strategic shift
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toward possession-based play (Eric Tulsky is now the General Manager of the Carolina
Hurricanes). Despite this previous work using possession proxies and zone entry data,
there remains a gap in fully leveraging tracking data to measure and analyze possession
directly. With access to league-wide PPT data, this thesis examines possible connections
with success across zones and situations.

Traffic during shot attempts is also widely believed to play a critical role in scoring.
Coaches often emphasize the importance of generating traffic to obstruct the goaltender’s
view, create deflections, or capitalize on rebounds, while defenders are tasked with blocking
shot attempts, clearing shooting lanes, and tying up sticks. Despite this attention, traffic
has, to our knowledge, not been systematically defined and studied. With PPT data, we
analyze traffic in a spatial and temporal context, identifying how many skaters are in or
near the shooting lane, what roles they play, and how their presence affects shot outcomes.
This creates an opportunity to rigorously evaluate a long-standing assumption in hockey
strategy and open new avenues for understanding how skaters’ off-puck interactions affect
shot attempts.

1.2 Objectives

The primary goal of this thesis is to develop new methods for analyzing team puck posses-
sions and traffic using NHL puck and player tracking (PPT) data to obtain insights into
how these factors influence team performance and shot outcomes. Our objectives in this
thesis are:

• Develop a methodology for cleaning and filtering raw, individual possession data and
integrating that data with game context (e.g., score, strength, location) to construct
detailed team-level possession sequences.

• Create metrics to characterize team puck possession (e.g., total possession time,
frequency) and assess their stability, independence from existing statistics, and ability
to distinguish between teams. Then evaluate the relationship between these metrics
and team success.

• Design and implement a methodology for detecting and augmenting shot annotations
in the PPT data and use PPT location information to determine who is creating
traffic for each shot attempt.

• Create metrics that quantify traffic, including the difference between offensive and
defensive traffic, and evaluate their relationship to shot success.
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1.3 Contributions

This thesis contributes new methods and empirical findings for analyzing team puck posses-
sion and traffic in the NHL using puck and player tracking (PPT) data. It offers practical
techniques for analysts working with PPT data, particularly to support future research
on possession and traffic. Additionally, it provides empirical insights for NHL front office
staff, coaches, players, and fans into the relationships between team puck possessions and
success, as well as the relationship between traffic and shot outcomes.

Methodological Contributions:

• We design a robust pipeline for cleaning and filtering the NHL’s player possession
data including: removing duplicate possessions, resolving overlapping possessions,
improving end of possession detection, incorporating puck location for zone infor-
mation, integrating game context such as strength and score state, and aggregating
player-level possession segments to determine team-level possession.

• We develop a process to combine shot attempts with precise timestamps by matching
official NHL shot data from the NHL API to shot attempts in the PPT data. Shot
attempts in the PPT data are found by leveraging the NHL’s shot detection system,
adapting their inference algorithm to recover undetected shot attempts, and applying
our own augmentation methods to improve timestamp accuracy.

• During our initial analysis of the impact of traffic on shot outcomes, we found that
traffic is strongly correlated with shot distance (longer shot attempts are typically
subject to more traffic) and moderately negatively correlated with shot angle (shot
attempts from sharper angles typically have less traffic). To isolate the effect of
traffic from these confounding spatial factors, we develop an algorithm that divides
the offensive zone into regions that minimize within-region variation in distance and
angle, allowing us to study the impact of traffic separately from distance and angle.

Empirical Contributions:

• We introduce the Average Offensive Zone Possession Time Differential (Avg. OZPTD)
metric, defined as the average difference between a team’s offensive zone possession
time and that of their opponents. A positive Avg. OZPTD indicates that, on average,
the team spends more time in the offensive zone with possession than their opponents
do in theirs (i.e., the team’s defensive zone). We find that Avg. OZPTD is highly

3



correlated (r=0.77) with Average Goal Differential. This highlights its potential for
enhancing our understanding of team success in the NHL.

• We show that Avg. OZPTD’s is stable across two halves of our dataset (i.e., useful for
prediction), is able to differentiate between teams, and is independent from existing
metrics which demonstrate its potential as a useful new metric.

• When examining the impact of traffic, we find that for all regions, increased levels
of traffic significantly increases the percentage of shot attempts that are blocked and
reduces the chance of a shot attempt resulting in a shot on goal.

• We find that in all short-range regions, goals with no traffic exceed the combined
total of all other traffic levels. Across all regions, the highest number of goals occurs
in the 9–23 ft center region with zero traffic, highlighting the value of shot attempts
in this region.

• For long-range shot attempts (45-90 ft), 38% of shot attempts are blocked, compared
to 29% for all shot attempts in our dataset. However, long-range shot attempts
through higher levels of traffic that reach the goaltender are associated with an
increased likelihood of a goal.

• For mid-range shot attempts (23-45 ft), the effect of traffic on outcomes is generally
nuanced, with no statistically significant trends. However, when there are more
defenders than attackers in the shooting lane, shot attempts that reach the goaltender
are significantly more likely to result in goals, which suggests that defensive traffic
may unintentionally screen the goaltender or alter shot trajectories in favour of the
shooter.

• To our surprise, we find that the percentage of missed shot attempts is consistent
across traffic levels and locations, averaging 22.4% with variation of just 1.5% and
2.5%, respectively.

1.4 Thesis Outline

In Chapter 2, we present background information and related work. We describe the puck
and player tracking (PPT) dataset used throughout the thesis and outline conventions
applied in our analyses. We also review prior research on possession and traffic in hockey
and other sports. In Chapter 3, we explore team puck possession in the NHL. We define
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and process team-level possession data and introduce a new metric, Average Offensive
Zone Possession Time Differential (Avg. OZPTD). We evaluate its correlation with team
success, as well as its stability, discriminatory power, and independence from other metrics.
In Chapter 4, we analyze the impact of traffic on shot outcomes. We present methods for
determining shot timing, quantifying traffic using PPT data, and isolating the impact of
traffic from that of shot location on shot outcomes. We then evaluate how traffic affects
goal likelihood, with further analysis separating traffic caused by attacking versus defending
skaters. Finally, in Chapter 5, we summarize our findings and contributions, discuss the
implications for hockey analytics and future work, and offer concluding remarks.
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Chapter 2

Background and Related Work

2.1 Dataset Overview

For over a century after the NHL’s founding in 1917, skaters were measured using tra-
ditional box score statistics such as goals, assists, and saves. In the 1967-68 season, the
controversial plus-minus statistic was introduced, which is a team’s goal differential while
a particular skater is on the ice, excluding power play goals for and against but including
empty net situations. In the early 2000s, “advanced stats” began to emerge, introducing
metrics such as the percentage of shot attempts (SAT%, also known as Corsi), which served
as a proxy for puck possession. However, as many have noted, including an excellent ex-
planation in the opening chapter of Hockey Analytics: A Game-Changing Perspective [56],
hockey is particularly resistant to statistical simplification. It is a low-scoring, fluid, and
highly interdependent sport where critical plays often go unrecorded in the stat sheet. That
potentially changed during the 2021-22 season, when the NHL made a major technological
leap by introducing a puck and player tracking (PPT) system. This thesis leverages the
NHL’s PPT dataset as a core component of its analysis.

In this thesis, we use both PPT and official data made available through the NHL’s
public Application Programming Interface (API) [38]. This API provides access to a
broad range of game-related data, including player statistics (e.g., goals, assists) and team
performance metrics (e.g., wins, losses). Integrating this data with the PPT data allows
for a more comprehensive analysis by correlating detailed movement and positioning data
with game outcomes and individual performance metrics. The API has proved especially
valuable in cases where PPT data is incomplete, such as games with missing tracking
information or players excluded due to small sample sizes. Rather than relying solely on
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season-level aggregates, the API allows us to dynamically retrieve game-specific or player-
specific data on demand which enables more targeted filtering, validation, and comparison.

2.1.1 Puck and Player Tracking Overview

The NHL’s PPT system relies on light-emitting infrared diodes (LEDs) embedded in both
the puck and in players’ sweaters. Each player’s sweater contains an LED located near
the right shoulder blade and the puck contains LEDs positioned on its top and bottom
surfaces (see Figure 2.1 for LED locations). Notably, the system was updated in the
2022–23 season to move the LEDs closer to the puck’s edges, increasing the dispersion
angle and improving detection speed and accuracy, as well as resolving concerns over the
puck’s gliding ability [13]. To capture location data, up to 20 infrared cameras are mounted
above the ice in each arena. These cameras are calibrated to triangulate emitter positions
with high accuracy in three dimensions. The result is a continuous stream of high-frequency
data. Positional data, including x, y, and z coordinates, is recorded at a frequency of 60
times per second for the puck and 12 times per second for each player on the ice. An
additional update is provided once per second for players on the bench, resulting in around
734,400 location points in a typical 60-minute game.

Figure 2.1: LEDs embedded in a player’s sweater (left) and in the puck (right)

The NHL’s choice of infrared-based tracking offers several key advantages: it provides
high positional accuracy in the x and y directions, it supports real-time data streaming

7



with low latency, and it performs reliably in indoor arenas where a Global Positioning
System (GPS) is ineffective. Infrared systems excel at tracking small, fast-moving objects
like the puck due to its high sampling rate (often 60 Hz or more). However, the system
also has limitations. Infrared tracking requires a line of sight between infrared emitters
and cameras, meaning occlusion can lead to data loss or inaccuracies. The system’s z-
axis tracking (in this case, the distance from the ice surface) is generally less reliable
due to overhead camera placement and limited vertical triangulation. Additionally, the
PPT system depends on specialized hardware (emitters in pucks and sweaters and up to
20 cameras in each rink) which increases operational complexity and cost. Other sports
leagues and data providers have explored a variety of tracking technologies, each offering
different advantages and disadvantages. Below, we briefly review the main alternatives
relevant to ice hockey:

• Radio Frequency Identification (RFID): The NHL initially introduced puck and
player tracking using Radio-Frequency Identification (RFID) technology rather than
infrared. This debut occurred during the 2015 All-Star Game and relied on a system
developed by Sportvision, which has since been acquired by SMT (the NHL’s current
tracking technology provider) [16] [25]. While the NHL did not publish accuracy
figures for this system, similar RFID-based tracking has been used in other sports,
such as American football [36]. In 2021, NFL Vice President of Emerging Products
and Technology Matt Swensson reported that the system’s positional accuracy was
approximately six inches [9]. This level of precision falls short of the accuracy required
for tracking small, fast-moving objects like a hockey puck in real time.

• Bluetooth: Finland’s top professional ice hockey league, Liiga, uses the Wisehockey
system developed by Bitwise [41], which is built on Quuppa’s Bluetooth Low Energy
(BLE) positioning technology [48]. Each player and the puck are equipped with BLE
transmitters that communicate with approximately 20 locators placed around the
rink. This approach offers a relatively low-cost, scalable solution that is effective
in indoor environments and provides moderate positional accuracy. It is also more
robust to occlusion than computer vision or infrared systems since it relies on signal
trilateration rather than line-of-sight detection. However, bluetooth-based tracking
typically has a slightly higher error margin than infrared systems. For example, the
Wisehockey system is reported to track positions with an accuracy of approximately
four inches (10.16 cm) [41]. While the NHL does not publish accuracy figures for its
infrared-based tracking system, other infrared technologies used in optical tracking
have demonstrated mean square errors of less than 0.3 mm when measuring distances
between light-emitting points [8].
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• Computer Vision: Puck and player locations can also be determined using com-
puter vision, a field of artificial intelligence that enables computers to interpret and
extract meaningful information from visual inputs like images or video. In sports,
computer vision systems are used to automatically detect, track, and identify players
and objects throughout a game [65] [25] [9]. Computer vision has the benefit of being
unobtrusive and hardware-free for players, making it easy to deploy without mod-
ifying equipment. It is also scalable across venues and capable of capturing visual
features such as body posture. However, it faces significant challenges in hockey as it
is particularly vulnerable to occlusion when the puck or players are behind a player,
the boards, or are out of the camera’s field of view, and because it can be challenging
to distinguish between players.

While each tracking technology has advantages and disadvantages, the NHL’s infrared-
based system offers the precision needed to capture the fast, complex movement in hockey.
However, its limitations such as inaccuracies in the z-dimension and occasional data gaps
from occlusion means it supplements rather than replaces traditional tools like video review
and manual scoring for critical decisions such as goal-line detection. As well, its application
is subject to specific limitations. According to the agreement between the NHL and the
NHL Players’ Association (NHLPA), tracking data cannot be used in salary arbitration
hearings or contract negotiations [32]. This restriction is designed to protect players from
potential misuse of performance data in financial discussions.

2.1.2 Applications and Research Using Puck and Player Track-
ing Data

The NHL makes PPT data available to every team, a small number of external partners,
and our research group. While teams use it in a variety of ways that are often kept private
for competitive reasons, a limited but growing body of public applications and research
has also emerged. The NHL has used PPT data to release some fan-facing tools, such
as the NHL EDGE website, which includes leaderboards and visualizations for player and
team metrics like skating speed and shot locations. For shot locations, they have produced
heatmaps, specific to each goaltender, showing which areas of the ice opposing shooters
score the most goals from [43].

Internally, and in collaboration with their external partners such as Amazon Web Ser-
vices (AWS), the NHL has also developed models such as opportunity analysis to better
evaluate scoring chances [37]. In academic research, our group led by Tim Brecht and
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David Radke has explored various applications of PPT data. Early work in 2021 intro-
duced, among other things, pressure and passing metrics [49]. Follow-up studies expanded
on this by identifying pass types and improving passing lane models [49], and by analyzing
passing metrics and player openness [50].

There are also instances of research using puck and player tracking data that is not pro-
vided by the NHL. A notable example is the Big Data Cup, an annual competition launched
by Stathletes in collaboration with the University of Toronto’s Rotman School of Manage-
ment and the University of Toronto Sports Analytics Student Group (UTSPAN) [61]. The
event provides anonymized tracking data, generated from broadcast video of NHL games
using computer vision, to students and researchers exploring a wide range of hockey an-
alytics questions. This thesis builds on that growing foundation by demonstrating the
capabilities of full-resolution PPT data and providing transparent methods and insights
that can support future research in hockey analytics.

2.2 Conventions Used for Correlation Analysis

In this thesis, we frequently use Pearson’s correlation coefficient (r) to measure relation-
ships between variables. Values closer to 1.0 or -1.0 indicate stronger linear relationships,
whereas values near 0 suggest little to no linear association. Positive values indicate a
direct relationship (i.e., as one variable increases, the other tends to increase), while nega-
tive values indicate an inverse relationship (i.e., as one variable increases, the other tends
to decrease). Throughout the thesis, we apply the thresholds outlined in Table 2.1 to
maintain uniformity in our interpretations. It is important to understand that interpreta-
tions of correlation values can vary depending on the context; by consistently applying the
thresholds shown in Table 2.1, we aim to provide a clear basis for understanding how we
derive our conclusions from the data.

Correlation (r-value) Interpretation
±0.9 to ±1.0 Very strong
±0.7 to ±0.9 Strong
±0.5 to ±0.7 Moderate
±0.3 to ±0.5 Weak
±0.0 to ±0.3 None to Negligible

Table 2.1: Interpretation of Pearson correlation coefficients (r) used in this thesis
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2.3 Related Work

There are two sections of related work, one for each of the two main chapters of the thesis.

2.3.1 Puck Possessions and Team Success

Previous studies on the importance of possession across sports provide context for this
section of the thesis, particularly highlighting the research gap in hockey analytics.

In football (soccer), the relationship between ball possession and team success has been
extensively studied using various research methods. Some of these studies find a positive
relationship. For instance, researchers studied the 2016 UEFA Euro and found that the
average possession time for a leading team was 20.3 minutes with a standard deviation (SD)
of 16.0 minutes, compared to 18.2 minutes with a SD of 16.8 minutes for teams when the
score was tied, and 13.7 minutes with a SD of 12.3 minutes for a trailing team [10]. The
authors explained that the p-value, which assesses the likelihood that these differences
occurred by chance, was less than 0.01, indicating a statistically significant difference.
Additionally, researchers studying the 2006 FIFA World Cup found that the percentage of
ball possession, analyzed using principal component analysis, had the greatest influence on
match outcomes with a coefficient with an absolute value of 0.72. This indicates that it is
an important variable for discriminating winning teams from those that lose or draw [35].
Another study found that ball possession had a positive effect on winning in the 2014 FIFA
World Cup, with an 11% increase in the probability of winning for all matches and a 14%
increase for close matches when ball possession increased by two standard deviations [27].
Also, a study covering the 2017-18 and 2018-19 season in the German Bundesliga showed
a positive correlation (r=0.75) between team possession and overall points earned [3].

However, other studies have found that possession may not correlate with or may even
negatively impact team success. For example, researchers for the FIFA Training centre
studied the 2022 FIFA World Cup and found that, for the men’s tournament, teams with
less possession than their opponents won slightly more games (26 wins versus 23) [1].
Additionally, a study of the 2010-11 season in the Portuguese Premier League found that
the amount of ball possession had a very weak negative correlation (r = -0.192) with
the match result [18]. In a study analyzing elite leagues in Europe, researchers found
that a significant difference in ball possession percentages between winning and losing
teams only occurred in matches with wide result margins (3 or more goals). In the other,
closely contested matches, the difference in possession between winning teams (51.48%
with a SD of 13.05%) and losing teams (48.52% with a SD of 13.05%) was not statistically
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significant [19]. Similarly, researchers studying the World Cups of 2002, 2006 and 2010
found that ball possession was slightly higher for winning teams (51.6% with a SD of
6.8%) compared to those that drew (49.9% with a SD of 5.8%) or lost (48.5% with a SD
of 6.8%), though the differences were not statistically significant [11]. In another study
using data from five European leagues, UEFA, and FIFA tournaments, researchers found
that possession time was a poor predictor of team success once team quality and home
advantage were accounted for [14].

In basketball, intuition might lead one to believe that possession is less important due
to the shot clock, which mandates a field goal attempt within 24 seconds in the NBA and
most European leagues. Previous studies have shown a positive but insignificant correla-
tion between longer possessions and success. Research on the Spanish Basketball Playoffs
from the 2004-05 season investigated the possession durations of winning and losing teams
against various defensive systems. They found that, when averaged across all defenses,
winning teams had an average possession duration of 13.1 seconds with a SD of 6 seconds,
compared to 12.32 seconds with a SD of 5.88 seconds for losing teams [67]. Although signif-
icant differences were observed depending on the defensive system faced, these differences
did not translate into statistically significant overall differences in possession durations
between winning and losing teams.

In American football, significant value is placed on time of possession, notably because
it allows the defense to rest, enhancing both offensive and defensive performance. Time
of possession refers to the amount of game time an NFL offense has the ball. Researchers
studied the 2003-04, 2004-05, and 2005-06 NFL seasons and found that 67% of teams with
greater time of possession than their opponents won their games [4]. However, the research
recognized potential biases; leading teams often prolong their possessions near the end of
the game to conserve their lead. To avoid this bias, the analysis was confined to first-half
data. In this analysis, a logisitic regression model was applied to predict the halftime score.
The model revealed a negative coefficient for time of possession (β = -0.126), indicating
that for each additional minute of possession in the first half, the log-odds of winning at
halftime decrease by 0.126. This indicates that more possession, with biases removed, does
not contribute positively to winning.

Hockey’s analysis of puck possession has comparatively been less robust as it relies on
manual tracking [29] or metrics approximating possession such as SAT% [63]. Some studies
using manual tracking or SAT% have found a positive correlation between possession and
team success. For instance, a study of 243 NHL overtime periods from 2015 to 2021 in
which possessions were manually tracked revealed that victorious teams in 3-on-3 overtime
generally have a higher count of individual possessions (53 percent of the total number
of individual possessions of both teams), a higher duration of individual possession (54
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percent of the total duration of individual possession of both teams), and more offensive
zone time (57 percent of the total offensive zone time of both teams) compared to teams that
lost [29]. Additionally, a study of the 2007-08, 2008-09, and 2009-10 NHL regular seasons
revealed that SAT% Tied (even strength SAT% with the score tied) is more predictive
of how well a team will perform (r=0.47) than goal ratio (r=0.35) or winning percentage
(r=0.34) [63]. This correlation is relatively low compared to our findings, where higher
correlations emerge from utilizing PPT data to measure various metrics of puck possession,
most notably for Average Offensive Zone Possession Time Differential (Avg. OZPTD).

Although previous hockey analytics research shows a positive correlation between pos-
session and team success, there are challenges to manually tracking possession. As well,
SAT% has its limitations, as it does not account for possession in the defensive or neutral
zones and may not reflect the strategy of teams that prioritize high-quality shots over
quantity.

In recent years, expected goal (xG) models have gained popularity. Originating in
football (soccer), xG represents the probability that a scoring opportunity will result in
a goal. It addresses some issues with SAT% as it includes weighting shot attempts based
on quality, recognizing that certain shots have a higher probability of resulting in a goal.
In hockey, efforts to evaluate shot quality began in 2004 [54] [23] [24]. This foundational
work led to the first explicit mention of xG in hockey in a 2012 study, which used ordinary
least squares (OLS) regression and ridge regression to predict goals, incorporating vari-
ables such as goals, shots, missed shots, blocked shots, faceoffs, hits, turnovers, and zone
starts [31]. Since 2012, numerous xG models have emerged, each aiming to capture the
best set of predictive variables, often including more than ten variables weighted during
model training [60] [58] [66] [59]. These models generally outperform SAT% and other
metrics in predictive accuracy [60] [59].

However, there are drawbacks to xG models. First, there are many different xG models,
which can have varying parameters, potentially leading to inconsistencies when advising a
team on how to improve their xG to win more games. Additionally, to our knowledge, there
has been limited work on testing the stability of these models, meaning the parameters
and weights might not remain consistent from one season to the next. Lastly, because
these models have several parameters, determining the specific actions a team can take to
improve their xG may not be straightforward.

In this thesis, we utilize PPT data to conduct a detailed investigation into measures of
puck possession and their correlation with NHL team success. Our findings indicate that
a single metric of possession can be as effective, if not more so, than existing, publicly
available xG models in predicting team success.
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2.3.2 Examining the Impact of Traffic on Shot Attempts

Traffic Research in Football (Soccer): Traffic-related research in football provides
relevant context for this thesis. For example, a 2015 study using tracking data from a
professional football league (via Prozone, now Stats Perform [62]), found that defender
presence in the shooting lane significantly reduced goal likelihood [28]. However, its con-
tribution to the predictive model used in the paper was limited, suggesting that its effect
may be confounded by factors like shot location. A 2016 study computed dangerousity, the
probability of a goal during possession, for 64 Bundesliga games (2014-15). As an input to
their model, they proposed a more detailed traffic metric, shot density, which incorporates
not only the number of players in the lane but also their proximity to the shooter and
whether they are attackers or defenders [26]. While the authors did not isolate the effect
of shot density in their model of dangerousity, the study provides a valuable framework for
analyzing player presence and placement in traffic. However, we currently do not focus on
specific placement within the shooting lane as we recognize that different locations in the
shooting lane in ice hockey have varying impacts such as being close to the shooter poten-
tially increasing the chance of blocking the shot attempt, while being near the goaltender
may enhance the likelihood of obsructing the goaltender’s view. These studies highlight
how to account for the number and type of players in traffic. However, ice hockey poses
unique challenges not present in football, such as faster puck and player movement, the
difficulty of tracking and blocking a small, fast-moving puck, a higher degree of physical
contact, and a smaller, enclosed playing surface. These factors underscore the necessity for
tailored approaches to fully understand how traffic influences shot outcomes in ice hockey.

Related work in football has also examined how defender positioning can unintention-
ally impair goalkeeping performance. Using virtual reality to simulate free-kick scenarios,
López-Valenciano et al. [30] found that defensive walls, though intended to reduce scoring,
can actually hinder a goalkeeper’s reaction by occluding their view of the ball. This raises
an interesting parallel for ice hockey, where skaters in the shooting lane may likewise reduce
goaltender effectiveness by unintentionally obstructing the goaltender’s view, a possibility
we explore later in our analysis.

Traffic-Related Research in Ice Hockey: A common proxy for traffic in ice hockey
is the use of shot types typically associated with traffic such as tips and deflections. Tips
occur when a puck traveling towards the net is redirected via the stick with the goal of
changing the puck’s direction while not adding momentum to the puck. Deflections occur
when a puck traveling towards the net is redirected via the body or skates. While these
shot types can signal the presence of traffic, they offer only an indirect measure of its

14



broader impact. One study analyzing NHL power plays during the 2015–16 season took a
more expansive approach by manually identifying screens through video review, defining
them as shot attempts where the goaltender’s view was obstructed [45]. The study found
that screened shot attempts made up 24.9% of total shot attempts and 21.3% of goals.
Although this manual approach enables detailed insights, it lacks scalability and is difficult
to evaluate further as no comparable data point for screens currently exists in league-wide
datasets. More recently, the NHL introduced an “Opportunity Analysis” model designed
to evaluate the quality and context of each shot attempt [2]. This model incorporates
variables such as player positioning, shot type, and game situation, as well as counts of
attacking and defending skaters within fixed distances of the shot cone (the area between
the puck and the net), and a flag for “Possible Goalie Vision Block”. However, the impact
of these traffic-related variables are not publicly available on a per-shot basis, making it
difficult to assess their influence on shot outcomes.
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Chapter 3

Puck Possessions and Team Success

3.1 Introduction

The margin for victory in the NHL is small, and teams are in constant pursuit of advantages
to improve their chances of success (i.e., winning). The unpredictable nature of hockey
compounds the difficulty of identifying and quantifying metrics that genuinely influence
outcomes. In this chapter, we analyze puck possession and its use as a potential indicator of
success. This work is further motivated by the premise shared across sports that possessing
the ball or puck for significantly more time than the opponent increases your chance of
winning.

Research in other sports present mixed results regarding the correlation between pos-
session and team success; some studies affirm a strong correlation [35] [27] [67] [10] [3],
while others find no significant relationship [4] [11] [14] [19] [18] [1]. In the NHL, prior
investigations into puck possession have mainly relied on manual tracking [29] or met-
rics approximating possession such as Shot Attempt Percentage (SAT%), also known as
Corsi [63]. SAT% measures a team’s share of the total shot attempts in a game. The ra-
tionale behind SAT% is that a higher number of shot attempts, which can only be credited
during a possession, indicates superior puck control.

Despite these indirect methods for measuring possession, the idea that puck possession
is of strategic importance in the NHL has gained traction, particularly for the overtime
period since the introduction of 3-on-3 overtime in 2015. This growing emphasis is under-
scored by the NHL general managers convening this season to discuss potential regulatory
changes, such as implementing a shot clock during overtime [53]. This consideration di-
rectly reflects concerns about extended possessions during overtime, highlighting the central
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role puck control has come to play in modern NHL strategies. With the recent introduc-
tion of puck and player tracking (PPT) technologies in the 2021-22 NHL season and the
established significance of puck possession, this chapter investigates whether teams with
more puck possession have greater success.

3.2 Individual and Team Puck Possession

Before we delve into the dataset and analysis, we define the concepts of individual and
team puck possessions as utilized in this chapter.

According to the NHL definition for the model that produces the individual possession
data we employ, a player is considered to have possession and control of the puck, and thus
in individual possession, when they make two or more consecutive touches with the puck.
The start of the individual possession is marked by the first touch, which is confirmed
upon a second touch. Individual possessions also includes brief moments during one-
touch actions, like shots, passes, or area plays (e.g., dump-ins). An individual possession
ends when the player is separated from the puck or when another player gains possession.
We delineate these episodes to identify windows of time with “no individual possession”,
representing segments of active gameplay where the puck is not under direct control by
any player. This includes scenarios ranging from face-offs, puck battles, and loose pucks to
passes, shots, and “area plays” (e.g., dump-ins and dump-outs). The top line in Figure 3.1
shows examples of individual possessions by members of different teams (red and blue
lines) and “no possession” (orange dotted lines).

We define team puck possession as the aggregate of individual possessions with contin-
uous possession by members of the same team, interrupted only by game stoppages or a
change in possession to the opposing team. Consequently, “no team possession” intervals
are distinct from “no individual possession” intervals. The bottom line in Figure 3.1 shows
examples of team possession (red and blue lines) and “no team possession” (green dashed
lines). As shown in the figure, team possessions end when the puck is last touched by one
team, prior to the opposing team gaining possession. Our use of team possession differs
slightly from the official NHL definition as the details required to implement the NHL’s
definition aren’t available in the current dataset.
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Team Possession

Faceoff Whistle
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Team A Team B Team A

Figure 3.1: Differentiating individual and team possessions

3.3 Dataset Details

In March 2023, a significant advancement was made with the introduction of an individual
player possession model into the “DISH” data stream, which features Delayed, Interpo-
lated, Smoothed and Hundred-Hertz enhancements. This dataset is considered unofficial
by the NHL and may differ from other datasets that track possession information (e.g.,
a hand-labeled dataset). This thesis uses the DISH data to compute team possessions,
which form the basis of the analysis in this chapter. Since this data only became available
in March 2023, the dataset for the 2022-2023 season is limited. Consequently, our analysis
focuses on the 2023-2024 NHL season, using data from 780 games played up to January 31,
2024 (the All-Star break). After excluding games with significant data issues, as detailed
in the following section, or those with no tracking data, such as the Heritage Classic and
the games played in Europe, 708 games remained for analysis.

3.4 Dataset Cleaning and Filtering

The player possession data provided in the NHL’s DISH data stream, indicating who held
the puck and for how long, lacks broader game context such as powerplay situations and
player locations. To address this, we merge it with data from a detailed game informa-
tion file, enriching player possessions with relevant game context, and then compute team
possessions based on this integrated data. Through this process, we encounter challenges
that necessitate extensive cleaning and preprocessing to ensure data integrity. Cleaning
refers to the process of correcting or removing inaccuracies within the data that can be
rectified, such as adjusting timestamps or eliminating duplicates. Conversely, filtering is
our strategy for dealing with more complex issues that cannot be directly corrected; it
involves the exclusion of entire games from the dataset.
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3.4.1 Dataset Cleaning

Possessions Occurring During Stoppages: One issue with the data is that some
possessions occur either entirely during stoppages or span active and stopped intervals.
These erroneous possessions are identified after merging the player possession file with the
game information file and computing active gameplay intervals. To resolve this issue, we
eliminate portions of the possession that occurred during stoppages, ensuring accuracy in
active play representation.

Abnormal Timestamps and Non-chronological Data Entries: The game informa-
tion file contains updates every hundredth of a second, but some of these updates display
additional digits of precision and are out of sequence. These extraneous updates, found to
be non-essential, are removed to maintain dataset integrity. After their removal, the data
is re-sequenced to reflect the actual gameplay order.

Clock Resets: Another issue encountered in the dataset are unexpected time jumps,
with the time remaining on the scoreboard clock suddenly increasing, leading to duplicated
timestamps. These time jumps primarily occur after video reviews where time is added
back to the clock, such as when a play is subsequently ruled as offside. Smaller adjustments
may also result from false face-offs or if the clock inadvertently continues running briefly
after a whistle. The NHL addresses these situations by eliminating all recorded statistics
and events that transpired during the time that is later nullified. Our approach mirrors
this; upon identification of such a clock reset, we disregard stats and possessions recorded
during the time frame subject to the reset.

Overlapping and Duplicate Player Possessions: The last challenge rectified
through cleaning is the presence of duplicate or overlapping possessions. Duplicates are
resolved by retaining a single entry. For overlapping possessions, we evenly distribute the
overlapping time (i.e., the period during which the data indicates two players simultane-
ously possess the puck) among the involved players.

3.4.2 Dataset Filtering

There are cases where the above cleaning methods are insufficient to repair the data and
preserve the integrity of the dataset. Consequently, we establish exclusion criteria based
on the severity of data corruption: if the data is compromised for either more than 4%
of a game’s duration or more than 4% of a team’s possession time, the game is excluded
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from the analysis. This filtering process results in the exclusion of 68 games, leaving 91%
of the games for which we have data available for use in the analysis. The distribution of
team appearances in the excluded games varied, with an average of 4.5 games per team,
a standard deviation of 2.2 games, a minimum of one game for the Tampa Bay Lightning
(TBL), and a maximum of 11 games for the Vancouver Canucks (VAN), constituting 22.4%
of their total games. In Section 3.4.1, we show that robust analysis can be achieved with
just 20% of a team’s games in the dataset, as the correlation between early game data and
the rest of the season stabilizes after this. Table 3.1 shows the number and percentage
of games impacted by each filter; note that the sum of games exceeds 67 and the sum of
percentages exceeds 9% since 20 games were subject to more than one filter criterion.

Filter Criteria Games Impacted Percent Impacted
Irregular Possession Lengths 34 4.4%
Clock Gaps 30 3.8%
Irregular Period Lengths 26 3.3%
Possessions with Missing Data 5 0.6%
Excessive Distance Between Puck and Possessor 2 0.3%

Table 3.1: Impact of various filters on the game dataset

Irregular Possession Lengths: Games are flagged for exclusion when the duration
without any possession or the length of specific possessions significantly exceeds normal
expectations. For total “no possession” time, we apply the statistical outlier definition of
mean plus three standard deviations. Given the mean of 62.8% and the standard deviation
of 4.8%, this led to the exclusion of any game exceeding 77.2%. Additionally, games with a
no possession duration longer than 144 seconds, or any individual possession lasting more
than 48 seconds, are excluded, impacting 4.4% of the total games. The limit of 144 seconds
corresponds to 4% of a 60-minute game and 48 seconds represents 4% of the average of the
per game sums of individual possession times (20 minutes).

Clock Gaps: We identify games with significant windows of time missing in scoreboard
data timestamps, indicating lost data segments affecting puck locations, player locations,
or possession details. We set a 144-second threshold for these gaps, equivalent to 4% of a
60-minute game. Games exceeding this limit due to missing data are excluded, affecting
3.8% of the dataset.

Irregular Period Lengths: We identify games with periods deviating significantly from
the standard 20-minute length in order to filter games with extensive data loss or situations
where the data cleaning techniques may be ineffective. We exclude games with periods
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exceeding or falling short of the expected duration by more than 48 seconds, equivalent to
4% of a 20-minute period, impacting 3.3% of the total games.

Possessions with Missing Data: Games are flagged when they contain missing player
data, or missing possession start or end times. This is likely due to tracking failures in
the puck or sweaters, or instances where a player does not have a tracking device in their
sweater. Games with more than two instances of missing data related to possessions are
removed from the dataset; impacting 0.6% of the games.

Excessive Distance Between the Puck and Possessor: We considered possessions
where the distance between the puck and its possessor is too large. We focus on possessions
where the puck is over 16 feet from the possessor continuously for more than 2 seconds,
indicating potential data inaccuracies. Games with a total “excessive distance duration”
exceeding 48 seconds, equivalent to 4% of a team’s average possession time of 20 minutes,
are excluded, affecting 0.3% of the total games. In previous work, we adjusted the times-
tamps for events like shots and passes to try to more accurately capture the point of release
[49]. We considered a similar approach in this work but the problem proved more difficult
because we found instances where the distance between the puck and possessor is large in
the middle of the possession. Adjusting such possessions would amount to building a new
model, which is currently the domain of the NHL.

3.5 Analysis of Team Possessions

In this section, we explore the relationship between team success and possession metrics,
focusing on team possession percentage, aggregate individual possession count differential,
and offensive zone team possession time differential. Team success is measured primarily
by goal differential because it is adaptable across game situations, unlike points per game,
which is less flexible. Additionally, for the games in the dataset, average goal differential
exhibits a very strong correlation with average points per game (r = 0.95). Note that, unless
stated otherwise, the analysis includes all strengths (i.e., even-strength and powerplays)
and pertains exclusively to regulation time. This means that for our analysis, each team
is awarded one point if a game goes to overtime.

3.5.1 Team Possession Percentage Versus Team Success

Team possession percentage is calculated by dividing the total duration of team A’s pos-
session by the combined possession duration of team A and the opposing team. Team

21



possession percentage is calculated for each team in every game and subsequently averaged
across all games played. We compute the correlation between average team possession
percentage and average goal differential (Average GoalDiff), as well as average goals for
(Average GF) and average goals against (Average GA), aiming to delineate the correlations
of possession with offensive and defensive metrics.

As shown in Table 3.2, average team possession percentage is moderately correlated
with Average GF, suggesting that teams with higher possession tend to score more goals.
In contrast, the correlation between average team possession percentage and Average GA
is weaker, implying that while possession might play a role in limiting opposition goals, its
effect is not as strong.

Furthermore, the analysis reveals a nonlinear relationship among the correlations of
average team possession percentage with Average GF, Average GA, and Average GoalDiff.
Intuition might lead one to expect these correlations to sum linearly; for example, given
the correlation between average team possession percentage and Average GF is +0.56, and
between average team possession percentage and Average GA is -0.38, one might anticipate
the correlation between average team possession percentage and Average GoalDiff to be
the difference, equating to +0.94. This is not true and can be explained by understanding
the correlation formula’s normalization process. The Pearson correlation coefficient is:

r =
cov(X, Y )

σXσY

(3.1)

where cov(X, Y ) is the covariance between X and Y , and σX and σY are the standard
deviations of X and Y , respectively. The denominator normalizes the covariance by di-
viding it by the product of the standard deviations of X and Y , ensuring the correlation
values fall within the range of -1 to +1. Given the distinct standard deviations for Average
GF (0.44), Average GA (0.39), and Average GoalDiff (0.70), this normalization introduces
nonlinearity to the relationships.

Possession Metric Success Metric r-value
Average Team Possession Percentage Average GF 0.56
Average Team Possession Percentage Average GA -0.38
Average Team Possession Percentage Average GoalDiff 0.56

Table 3.2: Correlations between average team possession percentage and team success
metrics
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3.5.2 Possession Count Differential Versus Team Success

Shifting the analysis from the percentage of team possession to the aggregate quantity of
individual possession instances can potentially offer new insights by capturing both the
totality of possessions gained through turnovers or puck battles and the extent of puck
movement within team possessions. To assess which teams excel in managing aggregate
individual possession quantity, we introduce a metric called average possession count dif-
ferential.

For team A, the possession count differential is defined as the count of team A’s in-
dividual possessions, minus the count of the opposing team’s individual possessions. We
compute this metric for each game and subsequently determine the average across all games
played by each team. Utilizing this metric reveals a slightly enhanced correlation with Av-
erage GoalDiff (r = 0.63) compared to the correlation between average team possession
percentage and Average GoalDiff (r = 0.56). This improved correlation may indicate the
potential impact of frequent and dynamic possession changes to outscoring opponents, sug-
gesting a strategy centered on maximizing possession instances correlates positively with
achieving a better goal differential.

3.5.3 Offensive Zone Possession Time Differential Versus Team
Success

We now examine the significance of possession within the offensive zone. The rationale for
this approach is that possessions in the defensive or neutral zones can serve to facilitate
transitions, whereas offensive zone possessions might contribute more directly to scoring
goals and outscoring the opponent. In this refined analysis, we introduce a new metric,
Offensive Zone Possession Time Differential (OZPTD), which is defined as the sum of
the duration of team A’s individual possessions in the offensive zone, minus the sum of
the duration of the opposing team’s individual possessions in their offensive zone (team
A’s defensive zone). For possessions that span multiple zones, the duration is allocated
proportionally based on the time spent in each zone.

In Figure 3.2, the zones of offensive possession for Team A and the opposing team are
delineated. To calculate OZPTD, we subtract the offensive zone possession time of the
opposing team from that of Team A. For example, if Team A controls the puck in their
offensive zone for 10 minutes and the opposing team controls the puck in their offensive
zone for 8 minutes, then Team A’s OZPTD is calculated as 10 - 8 = +2, while the opposing
team’s OZPTD is -2.
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Similar to the previously examined metrics, OZPTD is computed for each game and
subsequently averaged across all games played by each team.

Opposing Team 
Offensive Zone

Team A 
Offensive Zone

Figure 3.2: Visual representation of offensive zone possession time differential between
Team A and the opposing team

As shown in Figure 3.3, the analysis reveals a strong correlation of 0.77 between Average
OZPTD and Average GoalDiff. This finding highlights the importance of not just possess-
ing the puck more than the opponent, but doing so in the offensive zone where it more
strongly correlates with outscoring the opponent. Teams such as the Colorado Avalanche
(COL) and Florida Panthers (FLA) who, on average, maintain offensive zone possession
longer than their opponents, typically see positive goal differentials. Interestingly, the
Winnipeg Jets (WPG), Boston Bruins (BOS) and Vancouver Canucks (VAN) achieved the
highest Average GoalDiff values despite having values of Average OZPTD near the league
average of 0. In contrast, the San Jose Sharks (SJS) and Chicago Blackhawks (CHI) exhibit
negative Average OZPTD values and, correspondingly, negative Average GoalDiff values.
Recognizing that SJS and CHI may contribute significantly to the strong correlation, we
compute the correlation coefficient without those two teams and observe an r-value of 0.63.
In future work we plan to examine if offensive zone possession counts and differential are
also correlated with success.

As Average GoalDiff is very strongly correlated (r = 0.95) with average points per game
for the games in the dataset, Figure 3.3, which arranges teams from left to right based on
Average GoalDiff, provides a useful reference for readers to assess team standings, offering
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Figure 3.3: Average offensive zone possession time differential versus average goal differ-
ential (r = 0.77)

a more accurate perspective than actual standings that include games outside our analysis.

Recognizing the significance of the correlation, we conduct a deeper examination of its
components, focusing exclusively on even-strength play. The correlation remains strong at
0.73, indicating that the initial correlation is not simply a byproduct of power plays but
is also prevalent during even-strength play, reinforcing the importance of offensive zone
control throughout the game.
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Given Average OZPTD’s strong correlation with Average GoalDiff, we also analyzed it
on a per-game basis, as depicted in Figure 3.4. This per-game analysis shows an r-value of
0.00, indicating no correlation. This finding suggests that, despite the correlation between
Average OZPTD and Average GoalDiff across many games, individual games show high
variability. Thus, while superior offensive zone possession doesn’t guarantee game victories,
teams with consistently higher offensive zone time may outscore their opponents over the
course of a season.
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Figure 3.4: Game-level offensive zone possession time differential versus goal differential (r
= 0.00
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3.5.4 Possession Across Different Strengths

Building on the earlier findings, this section delves deeper into possession metrics across
different strength scenarios, as shown in Figure 3.5. We observe that at even strength,
possession is typically balanced between teams. However, with a plus-1 strength advan-
tage, teams dominate possession. In contrast, a minus-1 strength differential leads to a
substantial decrease in possession percentage for the disadvantaged team.

The variance in average team possession percentages is notably higher in even strength
scenarios than in situations of plus-1 or minus-1. Specifically, the Chicago Blackhawks
(CHI) and San Jose Sharks (SJS) show lower possession percentages at even strength, yet
they are near the league average in plus-1 and minus-1 situations.
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3.6 Meta Metrics: Evaluating Average OZPTD

Due to Average OZPTD’s strong correlation with Average GoalDiff, and thus its poten-
tial to offer insights, it is imperative to evaluate this new metric. We utilize the notions
introduced by Franks et al. [17], which emphasizes three key properties: stability, discrim-
ination, and independence. While some of our tests of these properties differ slightly from
those suggested in their paper, we maintain the spirit of each property. Stability measures
the consistency of a metric across seasons or portions of a season (e.g., the value of using the
metrics in predictions), discrimination measures its ability to distinguish between players
or teams, and independence assesses whether it provides unique insights when compared
with existing metrics.

3.6.1 Stability

To assess the stability of Average OZPTD and determine its potential for predictive use,
we calculate Average OZPTD separately for the first and second halves of the dataset.
The observed strong correlation (r = 0.84) between Average OZPTD in the two halves,
depicted in Figure 3.6, validates the metric’s consistency. To further our understanding of
the metric’s stability, we conduct a rolling correlation analysis where the Average OZPTD
is calculated for each team across incremental segments of the dataset, ranging from 5% to
50% and then these values are compared with Average OZPTD for the remaining games.
The correlation starts at 0.68 when using the first 5% of the games to predict the Average
OZPTD of the remaining 95% of the games and stabilizes above 0.80 when using the first
20% of the games to predict the remaining 80% of the games.

Predictive Power:

To evaluate the predictive accuracy of Average OZPTD, we divide the dataset into two
halves. Using data from the first half of our dataset, we build a linear regression model
to establish the relationship between Average OZPTD and Average GoalDiff. We then
test this model with data from the second half of the dataset, using Average OZPTD to
predict Average GoalDiff for each team. The comparison between the predictions and
the actual outcomes results in an R2 value of 0.49, and a correlation coefficient of 0.73.
This correlation indicates a relatively strong correlation between the predicted and actual
values.
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Figure 3.6: Average offensive zone possession time differential across dataset halves (r =
0.84)

To compare results obtained when using other metrics for predicting team success,
we found that the 2012 study by Macdonald yielded a correlation between actual and
predicted goals of 0.69 using his ridge regression model [31]. Next, we found that a 2022
study, described on the Hockey-Statistics website [59], that reports that using their xG
model and the xG model from Evolving-Hockey [66] to predict the expected goals for
percentage (xGF%) yielded an R2 value of 0.49 in both cases. This prediction was based
on the xGF% from the first 41 games of a season for each team to forecast the xGF% for
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the last 41 games. Note that xGF% is the ratio of a team’s expected goals for compared
to their opposition. Another study from 2015 considers a different expected goals model,
and found that when using their model built using the first 40 games to predict GF for
each team at the end of the season, they obtained an R2 value of 0.51 [60].

While a more in-depth evaluation needs to be done using larger sample sizes with a
direct comparison between metrics, this preliminary investigation indicates that our fairly
simple Average OZPTD metric performs on par with existing, relatively complex models
(because they typically use a large number of parameters that appear to require tuning)
for predicting team success.

3.6.2 Discrimination

Our evaluation of Average OZPTD’s discriminatory power, depicted in Figure 3.7, shows
the Average OZPTD for each team, including 95% confidence intervals. There are sta-
tistically significant differences between some teams, however the overlap in confidence
intervals for many teams indicates that the metric might have moderate discriminatory
power.

3.6.3 Independence

In assessing the independence of Average OZPTD, we revisit SAT% and expected goals
(xG). SAT% has traditionally been used to approximate possession by measuring the ratio
of a team’s shot attempts (goals, shots on net, shots that miss the net, and blocked shots)
to the total shot attempts in the game. xG models attempt to improve on the predictive
power of SAT% by including several variables related to the shot to better describe the
context around the shot. To analyze the independence of Average OZPTD from these two
metrics, we show the correlation between them, as well as each metric’s correlation with
team success (Average GoalDiff) as shown in Table 3.3. Note that the data used for the
xGF% model is from Natural Stat Trick [40].

The results indicate that Average OZPTD is strongly correlated to SAT% but shows
a stronger correlation to Average GoalDiff compared to the correlation between SAT%
and Average GoalDiff. This stronger correlation for Average OZPTD implies it provides
additional insights beyond SAT%, especially in relation to game outcomes. The results also
indicate that Average OZPTD is strongly correlated to xGF%, with both metrics having
the same correlation to Average GoalDiff. However, as mentioned previously, there are
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Figure 3.7: Average team offensive zone possession time differential

potential drawbacks to xG models, such as possible inconsistencies in parameters across
different models and the complexity of determining specific actions to improve xG.

Metric Correlation with Average OZPTD Correlation with Average GoalDiff
Average OZPTD 1.00 0.77
SAT% 0.83 0.62
xGF% 0.88 0.77

Table 3.3: Correlation of metrics with average offensive zone possession time differential
and average goal differential

In terms of evaluating established metrics, the work by Franks et al. [17] does evaluate
some NHL metrics for individual players but does not include team metrics. As described
in Section 3.6.1, some previous studies have examined the predictive power of various
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expected goal (xG) models. However, there is a lack of work in evaluating those metrics
in terms of stability, discrimination and independence. In the future, we hope to evaluate
established team performance metrics alongside the metrics posited in this thesis.
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Chapter 4

Examining the Impact of Traffic on
Shot Attempts

4.1 Introduction

Shot quality in ice hockey is influenced by many factors including distance, angle, and
preceding events [60] [58] [66]. One often-discussed but less precisely quantified factor is
traffic, which we define as the presence of skaters in or near the shooting lane: a triangular
area between the puck and the posts (“near” is defined precisely in Section 4.3). Traffic is
widely believed to determine the quality of scoring chances but its effects are nuanced and
to this point have not been studied in detail. In this thesis, using puck and player tracking
(PPT) data from the National Hockey League (NHL), we examine the impact of traffic on
shot outcomes.

In our initial exploration of traffic and its relationship to shot outcomes for this thesis,
we observed that traffic levels were strongly correlated with shot location. Specifically,
when grouping shot attempts by traffic level (N ) and computing average distance and angle
within each group, we found a strong positive correlation between N and shot distance
(r = 0.94) and a moderate negative correlation between N and shot angle (r = −0.64).
This indicates that shot attempts with more traffic tend to be taken from farther away
and towards the center of the ice. Because traffic is correlated with shot location, any
attempt to measure the impact of traffic must first control for the confounding effects of
shot location. To do this, we group similar shot attempts together by dividing the offensive
zone into regions based on distance and angle, as shown in Figure 4.1 (see Section 4.4 for
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details on how these regions are defined). We then examine how traffic impacts shot
outcomes within each region.

Each region is labeled with their distance range in feet and their orientation: “c”
represents center-angle shot attempts, “o” represents off-center shot attempts (which are
only included in the larger distance regions), and “w” represents wide-angle shot attempts.
Figure 4.2 shows the relationship between traffic and goals for each region, with the x-axis
representing traffic levels within each of the ten distance-angle regions (ordered by distance
and then angle), and the y-axis showing the number of goals. This figure highlights how
analyzing traffic can reveal new insights about shot attempts. For example, in all close-
range regions (within 23 ft), the number of goals scored with no traffic exceeds the combined
total of goals scored with traffic. While this figure doesn’t show how many shot attempts
are in each traffic-region group (we explore that in Section 4.5), it provides a preview of
the types of patterns we examine. One reason for the high number of goals from close
range may be the limits of human reaction time. Prior research suggests that the fastest
male humans have an average reaction time of 0.22 seconds [7], which means a 70 mph
shot attempt would need to be at least 23 feet away for the goaltender to react in time
(before even accounting for the time needed to move their body). Across all regions,
the highest number of goals occurs in the 9–23c region with zero traffic. For long-range
shot attempts (23+ ft), the relationship becomes more nuanced. Section 4.5 explores this
further, including the impact of traffic based on whether it is dominated by attacking or
defending skaters.

4.2 Determining Shot Timing and Duration

In this section, we describe our process for identifying and augmenting shot attempts, and
then determining a shot start and end time in which to measure traffic.

4.2.1 Identifying Shot Attempts

Each official shot attempt is available from the NHL via their Application Programming
Interface (API) [38], but this data is only recorded in whole second granularity using
scoreboard time. In contrast, PPT data provides locations every hundredth of a second.
Since the puck travels about 103 feet per second (for a 70 mph shot), the coarse resolution
of scoreboard time is insufficient for aligning tracking data with shot attempts. As such,
we construct our shot dataset using a combination of detected shot attempts based on the
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Figure 4.1: Shot location regions used to control for distance and angle in traffic analysis.

NHL’s physics-based shot event model applied to PPT data, and inferred shot attempts
which we derive from puck touch data, which represents the NHL’s effort to determine
every instance of a player making contact with the puck. Combining detected and inferred
shot attempts allows us to reconstruct all official shot attempts for which valid tracking
data exists.

Detected Shot Attempts: The NHL detects shot attempts using the PPT data and
an automated, physics-based event classification algorithm that identifies when a player
directs the puck toward the net. Detection is extremely difficult and consequently, errors
may occur such as passes being misclassified as shot attempts. To improve accuracy, the
NHL incorporates a manual shot reviewing process where human reviewers verify and
correct PPT shot event data. Unfortunately, even after manual review, discrepancies
remain where an official shot attempt is not recognized by the shot detection system or
where attributes such as the shooter or shot location differ between sources. To address
this, we compare the PPT data with the official NHL API data and infer the timing of
undetected shot attempts using puck touch data, as described in the following section.

Inferred Shot Attempts: We identify the timestamps (or release times) of undetected
shot attempts in the PPT data by comparing NHL API data and puck touch data. From
the NHL API data, we can obtain the scoreboard time, shooter, and shot outcome. To
match it with a puck touch, we implemented a matching algorithm, adapted from a method
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Figure 4.2: Goals scored across traffic levels and location regions.

originally developed by the NHL’s Research and Development team [52]. This algorithm
attempts to match official shot attempts and puck touches by considering the touch’s
timing, location, and the puck’s incoming and outgoing direction and velocity.

4.2.2 Augmenting Shot Attempts

Potential Start Time Inaccuracies: After completing these steps, we obtain a dataset
of shot attempts with estimated release timestamps. Some timestamps originate from the
NHL’s physics-based shot detection model, while others are derived from the end of a puck
touch. In an attempt to verify and possibly improve shot release times, we use techniques
from previous work on pass and shot timing corrections [50]. Specifically, we verify that
the puck is within four feet of the shooter’s location at the moment of release. If not, we
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attempt to adjust the timestamp accordingly (adjusting 20.8% of all shot attempts).

Handling Compound Shot Attempts: Tips occur when a puck traveling towards the
net is redirected via the stick with the goal of changing the puck’s direction while not
adding momentum to the puck. Deflections occur when a puck traveling towards the net
is redirected via the body or skates. We refer to both the initial play action and the tip or
deflection as a compound shot. The skater who tipped or deflected the puck is credited as
the shooter, so the initial play action is not officially recorded as a shot attempt. However,
we are interested in the initial play action as the tip or deflection is usually the result of
traffic, and the initial play action reflects the traffic leading to the tip or deflection. Thus,
we replace tipped and deflected shot attempts with their corresponding initial play actions.
First, we identify shot attempts with type “tip” or “deflection” in the NHL API data. For
each of these shot attempts, we trace the event back to the initial play action by finding
the last recorded puck touch by a teammate of the skater who tipped or deflected the shot.
We then calculate traffic based on the initial play action while preserving the final shot
outcome (e.g., goal, save, block, or miss).

4.2.3 Results of the Shot Identification and Augmentation Pro-
cess

We analyze data from 891 NHL games played during the 2024-25 season, up to February
9, 2024 (the 4 Nations Face-Off break). We define a shot attempt as matched if it is either
detected by the NHL’s shot classification algorithm or inferred from puck touch data. After
excluding games where fewer than 50% of official shot attempts were matched, 870 games
remain in our dataset. Across these games, there were 103,948 official shot attempts, with
a total of 80,473 detected shot attempts, 12,887 inferred shot attempts, and 10,588 shot
attempts for which we were unable to determine a timestamp. The remaining 870 games
in our dataset had at least 75% of the official shot attempts matched, and more than
half of the games have 90% or more matched. Table 4.1 summarizes the results of the
shot-matching process.

4.2.4 Shot Duration Considerations

We now turn to the question of whether or not a window of time should be used when
determining traffic and if so, how to determine an appropriate window. Capturing traffic
only at the exact moment of the shot release may miss skaters who obstruct the shot
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Matching Stage Shot Count Percentage
Total official shot attempts in 870-game dataset 103,948 100.0%
Matched via NHL shot event data (“detected shot attempts”) 80,473 77.4%
Matched via puck touch data (“inferred shot attempts”) 12,887 12.4%
Total matched shot attempts (with PPT data) 93,360 89.8%
Unmatched shot attempts (no PPT timestamp available) 10,588 10.2%

Table 4.1: Summary of shot identification and matching process for 870 games in dataset.

attempt later in its trajectory or skaters seen by the shooter or goaltender just prior to the
shot attempt. Consider Figure 4.3 which presents three screenshots from the broadcast of a
shot attempt during the Utah Hockey Club versus Chicago Blackhawks game on October
8, 2024. In the top picture, Utah player #22 (Jack McBain) is positioned in front of
the goaltender. As Utah player #11 (Dylan Guenther) prepares to shoot, McBain likely
obstructs the goaltender’s view of the puck and Guenther’s shooting lane. By the time
the shot attempt is released in the middle picture, McBain has moved out of the shooting
lane. There appears to be little traffic, aside from the two skaters near the left post. In
the bottom picture, Chicago player #8 Ryan Donato, whose body was not in the shooting
lane at the time of the shot release, blocks the shot attempt. Although Donato’s stick may
appear to be in the shooting lane in the middle picture, we are unable to capture it as each
player’s location is tracked using a single LED embedded in the sweater, as detailed in the
next section. This example, along with many others like it, highlights the need to consider
measuring traffic over a window of time rather than just at the moment of release.

Given these observations, we define two time windows around each shot attempt: a
pre-release window which captures the shot wind-up and decision-making phase and a
post-release window which approximates the shot duration. The NHL shot data set does
not have end times for all attempts, thus, to ensure uniform treatment across all shot
attempts, we do not rely on these end times and instead approximate the duration of each
shot attempt using a predefined post-release window for all shot attempts. While we could
attempt to determine the shot duration ourselves, estimating this proved challenging and
ultimately falls within the NHL’s shot detection process. Our examination of video for a
sample of shot attempts suggests that 0.5 seconds is a reasonable approximation for the
time required to release a puck, as well as for the duration of a shot attempt. However,
even a short post-release window (e.g., 0.1 seconds) often included post-shot events such
as rebounds which are unrelated to the initial attempt. For this reason, for the analysis in
this thesis, we use only a 0.5-second pre-release window and omit the post-release window.
This approach also best reflects the information available to the shooter at the time of the
shot attempt which is ideal for shooter analysis and shot prediction models.
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Figure 4.3: Sequence of screenshots showing traffic before, during, and after a shot attempt.
The top and middle frames are 29 broadcast frames apart (≈ 0.48 s) and the middle and
bottom are 14 frames apart (≈ 0.23 s). Utah vs. Chicago, October 8, 2024.

Selecting a suitable approach for a shot duration window is challenging as different
choices carry trade-offs that may impact the results. We explore the impact of these
considerations in Section 4.6. Although we find that different choices may yield slight
variations in specific results, the overall trends remain consistent.
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4.3 Defining and Calculating Traffic

Once we have determined the time window in which to measure traffic for each shot at-
tempt, the next challenge is identifying whether skaters are in or near the shooting lane
during the shot window using their location data. Each player wears a single light-emitting
infrared diode (LED) positioned in their sweater between the top of their back and right
shoulder, as illustrated in Figure 2.1. Because this is the only tracked point on the player,
we are unable to determine the position of their limbs or stick. To account for this, we
introduce a buffer around the shooting lane to define the broader traffic lane, which rep-
resents skaters that may be obstructing the shot attempt even if their LED is not directly
within the shooting lane.

Figure 4.4 illustrates a power-play goal by Ottawa player #18 (Tim Stützle) at 5:52
of the 1st period in Ottawa’s game against Florida on October 10, 2024. The top image
shows the game broadcast at the time of the shot, while the bottom image shows a frame
from an animation we produced. The shooting lane is highlighted in blue, and the traffic
lane is defined as the combined area of the blue triangle and adjacent green rectangles.
Skaters detected within the traffic lane are shown in red. The goaltender is not shown as
we ignore them in traffic calculations.

After examining a sample of shot attempts, we determined that placing rectangles two
feet outside the shooting lane reasonably matched our visual assessments of traffic. Typ-
ically, if a skater’s LED is within two feet of the shooting lane, it indicates that they are
likely obstructing the shot attempt with their body. Conversely, if a skater’s LED is not
within this range, they are unlikely to significantly impact the shot attempt, though excep-
tions do occur. Similar to the shot duration window, we recognize the potential variability
in results based on the chosen buffer size (green rectangle). To address the variability,
we perform a sensitivity analysis in Section 4.6 where we repeat our computations with
different buffer sizes.

4.4 Dividing the Offensive Zone into Regions

As shown in our initial analysis (Section 4.1), traffic levels are strongly correlated with
shot location. To accurately evaluate the impact of traffic on shot outcomes independently
from shot distance and angle, we group similar shot attempts together. To do this, we
start by dividing the offensive zone into ten regions based on shot distance and angle. We
chose ten regions because we wanted a large enough number of regions to have a limited
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Figure 4.4: Traffic lane analysis for a goal scored during the Florida Panthers vs. Ottawa
Senators game on October 10, 2024. The yellow skater is the shooter, red skaters are in
the traffic lane, and all blue skaters are outside of the traffic lane

range of distance and angle within each region while keeping the number of regions small
enough so that they could be represented graphically in a meaningful way. We analyzed
the impact of the number of regions and found that while the quantitative results may
change, the qualitative results still stand.

To define the regions, we implemented an algorithm that minimizes within-region vari-
ation in shot distance and angle. The goal is for shot attempts within each region to have
similar distances and angles but vary in traffic. Shot attempts taken from below the goal
line or outside the offensive zone are excluded from this analysis. Distance and angle vari-
ation within each region are defined below. 90 degrees is used as the denominator for angle
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as it represents the maximum possible shot angle deviation, while the maximum distance
within each region normalizes variation relative to the range within each region.

Distance Variation =
max(avg distance)−min(avg distance)

max(avg distance)
(4.1)

Angle Variation =
max(avg angle)−min(avg angle)

90
(4.2)

To minimize variation in shooting location within each region, the algorithm evaluates
all combinations formed using four distance regions and either two or three angle regions
per distance region for a total of 10 regions. Specifically, the two closest distance regions
are divided into two angle segments, while the two farthest are divided into three, resulting
in a total of 4,088,304 combinations. For each combination, we compute the variation in
distance and angle within each region using the formulas above. We then sum the distance
and angle variation for each region and evaluate each combination based on the highest such
sum among its regions. The ideal set of regions is the one that minimizes this maximum
within-region variation. This approach ensures that no single region has disproportionately
high spatial variance which could otherwise confound the effects of traffic with those of
shot location.

Resulting Regions: Unless otherwise specified, all numeric ranges in the rest of the thesis
are expressed with exclusive lower bounds and inclusive upper bounds (e.g., 9–23 refers to
(9-23]). We omit brackets and parentheses for readability. The resulting regions shown in
Figure 4.1 separate the shot attempts into four distance ranges: 0-9, 9-23, 23-45, and 45-
90 feet. The two smaller-distance ranges are further divided into two angle ranges: center
(0-37◦ of the meridian line) or wide (37-90◦). The two larger-distance ranges are divided
into three angle ranges: center (0-29◦ of meridian), off-center (29-45◦), and wide (45-90◦).
Across all regions, the maximum distance variation of any region was 12% of the maximum
distance in each region, and the maximum angle variation was 6% of 90◦. We note that
this approach assumes that the traffic lane is symmetric for the left and right sides of the
net. Factors such as goaltender and player handedness may introduce asymmetries in how
traffic forms. While we do not explicitly account for these possibilities, they represent an
area for future exploration.

4.5 Results: Traffic Versus Shot Outcomes

In Figure 4.5, the x-axis represents each of the ten distance-angle regions, ordered by
distance from smallest to largest, and then by angle, from center to wide. Within each
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region, the shot attempts are grouped by traffic. We refer to each of these bars as a traffic-
region group. The y-axis shows the percentage of all shot attempts that result in one of
four outcomes: goals (Goal%), shots on goal that are saved by the goaltender (Saved%),
blocked shot attempts (Blocked%), and missed shot attempts (Missed%). The combination
of Goal% (blue) and Saved% (green) together forms the shots on goal (SOG) percentage.
The rightmost group aggregates all shot attempts for comparison. To ensure meaningful
statistical comparisons, we exclude any traffic-region group that has less than 100 shots on
goal.
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Figure 4.5: Shot outcome distributions across traffic levels and location regions

To assess whether the patterns observed in our results are statistically significant, we
apply two types of tests. When analyzing ordered traffic levels (e.g., 0, 1, 2, 3 players)
against a binary outcome such as Goal vs. No Goal, we apply the Cochran-Armitage trend
test [12] [5]. This test evaluates linear trends across the ordered groups. For compar-
isons between two traffic groups (e.g., attacking versus defending), we use the chi-squared
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test [46], which compares two independent proportions. Throughout our analysis, we report
only results that are statistically significant (p < 0.05) or moderately significant (p < 0.1).
In tables, statistically significant results are marked with an asterisk (*) and moderately
significant results with a dagger (†).

Traffic versus the percentage of shot attempts that miss the net (Missed%): To
our surprise, the percentage of shot attempts that miss the net (Missed%) remains fairly
constant across regions and traffic levels, showing that players’ frequency of missing the
net is not strongly affected by location or traffic. The overall Missed% is 22.4%. Across
traffic levels it varies by only 1.5% and across shooting locations it varies by 2.5% (values
are the coefficients of variation). The only traffic-region groups where Missed% deviates
noticeably are zero-traffic shot attempts in the 9-23w and 23-45w regions. We believe that
this may be due to these being common one-timer locations where players take quick shot
attempts from sharp angles, slightly increasing the possibility of missing the net.

Traffic versus the percentage of shot attempts that are blocked (Blocked%): The
percentage of shot attempts that are blocked (Blocked%) increases with traffic, particularly
for mid-to-long range shot attempts (p < 0.05 for all traffic-region groups). However, what
stood out is that 29% of all shot attempts in our dataset are blocked and 91% of those
blocked shot attempts are by skaters on the defending team. 29% is a remarkably high
proportion, especially considering the modern trend toward fewer total shot attempts as
teams increasingly prioritize puck possession and higher-quality scoring chances [6]. This
finding has important implications for shot prediction or expected goal (xG) models, which
are now widely used in ice hockey analytics [60] [58] [66] [59] [23]. Most public xG models
either exclude blocked shot attempts entirely or include them in limited ways because the
NHL does not release shot location data for blocked attempts. As a result, nearly one-third
of all shot attempts are often ignored in these models, which may limit their completeness
and accuracy. In future work it would be interesting to study whether including blocked
shot attempts in xG models would increase their accuracy.

Interestingly, a notable number of shot attempts with zero recorded traffic are blocked.
This might seem counterintuitive but can be explained by the limitations of traffic detec-
tion. Many shot attempts are blocked by sticks rather than bodies, or by skaters stepping
into the traffic lane during the shot attempt’s flight. Capturing all such instances as traffic
would require larger buffer and window sizes which could result in including players who
do not meaningfully affect the shot attempt. We investigate the impact of different choices
for buffer size and time window duration in Section 4.6.

Traffic versus the percentage of shot attempts that result in a shot on goal
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(SOG%) and goal (Goal%): As shown in Figure 4.5, the percentage of shot attempts
that are on goal (SOG%) declines as traffic increases (p < 0.05 for all traffic-region groups),
indicating that traffic reliably reduces the likelihood of a shot attempt reaching the goal-
tender. Notably, the percentage of shot attempts that result in a goal (Goal%) is highest
for shot attempts from the 0-9c and 9-23c regions when there is no traffic. For NHL front
office staff, coaches and players, this highlights the value of prioritizing shot attempts in
these traffic-region groups. In general, while Goal% also tends to decrease as traffic in-
creases, this trend is only statistically significant in regions 0-9c, 0-9w, and 9-23c. Because
traffic makes it hard to get a shot on goal, very few goals are scored in high-traffic situa-
tions, making it difficult to assess how traffic affects scoring itself. To better understand
this, we focus next on Goal% of SOG, which captures whether traffic helps or hurts once
a shot attempt reaches the goaltender, more directly reflecting the possible effects of tips,
deflections, and screens. Note that Goal% of SOG corresponds to what the NHL has his-
torically referred to as “shooting percentage”, though we use the term Goal% of SOG as
it more clearly describes the metric.

Traffic versus the percentage of shots on goal that result in a goal (Goal% of
SOG): To better understand the quality of shot attempts that are on goal, we examine the
proportion of shots on goal that result in a goal (Goal% of SOG). Figure 4.6 presents these
results with 95% confidence intervals. In Table 4.2, we summarize the direction of the trend
in Goal% of SOG as traffic increases for each region. To provide context for interpreting
these values, Figure 4.7 shows the total number of shot attempts in each traffic-region
group, which helps explain the width of the confidence intervals.

0-9c 9-23c 45-90c 45-90o 45-90w

(↓) 0.01* (↓) 0.04* (↑) 0.01* (↑) 0.01* (↑) 0.05†

Table 4.2: Trend and p-value of Goal% of SOG across traffic levels for each region. Only
regions with significant (p < 0.05) or moderately significant (p < 0.1) trends are shown. *
indicates statistical significance, † indicates moderate significance. ↑ indicates an increasing
trend and ↓ indicates a decreasing trend.

We focus our analysis on regions with significant or moderately significant trends. For
shot attempts in the 0-9c and 9-23c regions, Goal% of SOG decreases as traffic increases,
suggesting a decline in shot quality. This means that even when shot attempts from
these regions reach the goaltender, they are less likely to result in goals if there is traffic.
Teams may benefit from avoiding taking heavily contested shot attempts in these regions,
instead seeking ways to create or move into space to shoot with minimal traffic at a similar
location. In contrast, for long-range shot attempts (45+ feet), Goal% of SOG increases with
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Figure 4.6: Goal% of SOG across traffic levels and location regions with 95% confidence
intervals.

traffic. This indicates that while traffic reduces the chance of the shot attempt reaching
the goaltender, it improves scoring success when it does, possibly due to tips, deflections or
screens that impair the goaltender’s view of the puck. These findings highlight a strategic
tradeoff. For long-range shot attempts, traffic reduces total shot attempt success but
increases the probability of scoring for the shot attempts that do reach the goaltender.
As a result, teams may benefit from deliberately placing traffic in front of the net for
long-range attempts, accepting fewer total shots on goal in exchange for more dangerous
ones.
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Figure 4.7: Total shot attempts across traffic levels and location regions.

4.5.1 Attacking Versus Defending Traffic

We next analyze how the balance of attacking versus defending skaters affects shot out-
comes. A heavy defensive presence could lead to more blocked shot attempts and fewer
goals, while a strong offensive presence might create tips, deflections, screens, and more
goals. However, the opposite could also be true as defensive skaters may screen their own
goaltender and offensive skaters might inadvertently block shot attempts. One possible
approach would be to analyze each unique combination of attacking and defending players
in traffic. However, this quickly results in a large number of categories (e.g., 2 attackers
and 1 defender, 3 defenders and 0 attackers, etc.), many of which are rare and thus yield
unreliable comparisons. Instead, in Figure 4.8, we categorize shot attempts in each region
into three groups: (1) more attacking than defending traffic (A), (2) more defending than
attacking traffic (D), and (3) equal attacking and defending traffic (E). This figure and

47



subsection aim to highlight differences between attacking and defending traffic rather than
the overall magnitude of traffic. Consequently, shot attempts with one attacking skaters
are treated the same as those with two or three attacking skaters, and shot attempts with
zero traffic are excluded from this analysis.

Figure 4.8: Shot outcome distributions for attacking versus defending traffic.

For each region, when defending traffic exceeds attacking traffic (D), SOG% is lower and
Blocked% is higher compared to when the reverse is true (A) (p < 0.05 for all traffic-region
groups). This is expected as defenders are typically positioned to block shot attempts
whereas attackers aim to tip, deflect, or screen shot attempts. However, the effect on goal
scoring is less straightforward. Similar to the previous section, to investigate this, we focus
on the proportion of shots on goal that result in goals (Goal% of SOG). This allows us to
evaluate whether offensive or defensive traffic is more beneficial (or harmful) to scoring in
each region. Results are shown in Table 4.3.

In all mid-range distance regions (9–45 ft), shot attempts taken with more defending
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traffic (D) have higher Goal% of SOG (or shooting percentage) than those with more
attacking traffic (A) (p < 0.1 for all four traffic-region groups). This may be because
defenders unintentionally screen their own goaltender or redirect the puck in unpredictable
ways. For coaches, this finding highlights an important risk in collapsing defenders to
attempt to block mid range shot attempts as defensive traffic may sometimes impair the
goalitender more than it helps. The optimal defensive approach may vary by shot location:
limiting mid-range screens while emphasizing blocks on both short-range and long-range
attempts.

9-23c 9-23w 23-45c 23-45o 23-45w

0.00* 0.01* 0.06† 0.07† 0.09†

Table 4.3: Effect of traffic balance on Goal% of SOG for each region. Each cell reports the
p-value from a chi-squared test comparing shot attempts with more defending traffic (D) to
those with more attacking traffic (A), testing whether D has a significantly higher Goal%
of SOG. Only regions with statistically (p < 0.05) or moderately significant (p < 0.1)
differences are shown. * denotes statistical significance, † denotes moderate significance.

4.6 Sensitivity

To examine the impact that our choice of buffer size and pre-release and post-release
windows have on the results in this thesis, we repeat the analysis using alternate buffer
sizes and shot attempt duration windows. For buffer size, we compared our 2-foot default
to both a 0-foot and 4-foot buffer. For the shot attempt duration window, we evaluate
three alternative approaches: specifically using only the shot release timestamp, a window
of 0.5 seconds before and after the shot release, and a window of 0.5 seconds extending
only after the release. In each case, we recalculate traffic and compare shot outcomes
across the same distance-angle regions used in the main analysis. Figure 4.9 shows the
resulting distributions for the 9-23c region across parameter settings. We focus on this
region because it is the source of the most goals (18% of all goals), making trends across
configurations easier to observe. These alternative configurations sometimes show slightly
steeper declines in shot success, but the overall trends remained consistent, helping to
demonstrate the robustness of our findings with respect to the choice of buffer size and
shot window.
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Chapter 5

Conclusions and Future Work

5.1 Thesis Summary

This thesis leverages the NHL’s puck and player tracking data to explore two core but
historically under-analyzed elements of hockey: team puck possession and traffic during
shot attempts. Both are widely emphasized by analysts, coaches, and players as critical to
success, yet their effects have rarely been quantified.

In the first part of this thesis, we investigate the relationship between team possession
metrics and success. We begin by developing a robust data processing pipeline to clean and
filter the NHL’s player possession data. This includes removing duplicate and overlapping
possessions, improving detection of possession end points, incorporating puck location to
determine zone information, integrating game context such as strength and score state, and
aggregating individual player possessions into continuous team-level sequences. With this
augmented dataset, we analyze average team possession percentage and find that it has
only a moderate correlation with team success metrics such as average goals for and goal
differential (r=0.56 for both) . To gain deeper insight, we introduce a novel metric, Average
Offensive Zone Possession Time Differential (Avg. OZPTD), which quantifies the difference
between how long a team maintains possession in its offensive zone versus how long its
opponents maintain possession in their offensive zone. This metric correlates strongly
with average goal differential (r=0.77), outperforming traditional possession proxies like
SAT% (also known as Corsi). We show that Avg. OZPTD is not only more predictive
but also stable across games, capable of distinguishing between teams, and independent
from existing metrics. These qualities support its use as a metric for understanding team
performance.
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In the second part of the thesis, we shift focus to the analysis of traffic during shot
attempts. We develop a methodology for detecting and augmenting shot attempts using
the NHL’s puck and player tracking data. To analyze traffic, we define a spatial-temporal
window around each shot and incorporate skater roles to distinguish between offensive and
defensive presence. We find that traffic is strongly correlated with shot distance (longer
shot attempts are typically subject to more traffic) and moderately, negatively correlated
with shot angle (shot attempts from sharper angles typically have less traffic). To isolate
the impact of traffic from the confounding factor of shot location, we develop an algorithm
that divides the offensive zone into regions that minimize within-region variation in distance
and angle, allowing us to study the impact of traffic separately from distance and angle.
We find that for all regions, increased levels of traffic significantly increase the percentage
of shot attempts that are blocked and reduce the chance of a shot attempt resulting in a
shot on goal. At short ranges (0-23 feet), goals with no traffic exceed the combined total
of all other traffic levels. Across all regions, the highest number of goals occurs from the
9–23c region with zero traffic, highlighting the value of passing or moving into space before
shooting. For long-range shot attempts (45-90 feet), 38% of shot attempts are blocked,
compared to 29% for all shot attempts in our dataset. However, long-range shot attempts
through higher levels of traffic are associated with an increased likelihood of a goal.

Our findings also suggest that defensive traffic is generally effective at suppressing shot
attempts as 91% of blocked shot attempts are by skaters on the defending team. However,
for mid-range shot attempts (23-45 feet), when there are more defenders than attackers
creating traffic, the percentage of shot attempts on goal that result in a goal is significantly
higher than when there are more attackers than defenders creating traffic. This shows that
defensive traffic can unintentionally aid scorers possibly due to screening the goaltender or
deflecting shot attempts unpredictably.

Together, the contributions in this thesis introduce new techniques and empirical find-
ings that enhance our understanding of puck control and skater positioning during shot
attempts in the NHL. The methods developed offer a foundation for analysts interested in
possession and traffic metrics, while the insights gained can inform NHL front office staff,
coaches, players, and fans seeking a deeper understanding of how team possession relates
to performance and how traffic affects shot outcomes in ice hockey.

5.2 Discussion and Future Work

The availability of puck and player tracking data represents a turning point for ice hockey
analytics, enabling new research directions and a deeper evaluation of what makes a player

52



or team successful. This thesis lays the groundwork for multiple future investigations.

One important avenue is the continued development of possession-based metrics. Future
work could explore the predictive value of offensive zone possession count differentials,
which emphasize frequency over duration, as well as metrics that capture how possessions
begin, evolve, and end (e.g., starting location of possessions, sustained cycles, and rebound
recoveries). We would also like to study whether the time spent in the offensive zone
correlates with team success or if puck possession is a key component. In addition, our
methodology for preparing and filtering NHL possession data can support individual-level
player analysis. For example, one of our subsequent studies applied this methodology to
evaluate individual player possessions and their relationship to player success [20].

For traffic analysis, while our method offers a new way to quantify traffic, it has limita-
tions. First, the tracking data does not always contain explicit shot start and end times. To
approximate shot duration, we construct a timing window based on empirical estimates.
While our sensitivity analysis suggests the findings are robust to reasonable variations,
having true shot start and end times would improve precision. Additionally, the data is
not official and detecting the point of release of a shot is difficult and may not be 100%
accurate (despite our improvements). Lastly, our definition of traffic considers only the
number of skaters in the traffic lane without considering skater orientation, posture, or
stick position. This is a necessary simplification due to the use of a single LED per skater.

In another subsequent study, we build on our shot detection methodology augmented
with computer vision techniques to estimate player poses and define a new metric, net
visibility, which we define as the fraction of the goalmouth visible from the puck’s per-
spective [21]. This metric enables deeper insights into shot-blocking effectiveness, shooting
decisions, and goaltender positioning. While current limitations make net visibility difficult
to fully automate, it reinforces the value of the traffic framework developed in this thesis
and highlights the need for increasingly detailed models of obstruction.

To our knowledge, this thesis is the first study in hockey that systematically quantifies
the impact of traffic using puck and player tracking data. Our methods will enable analysts
to explore not only league-wide patterns, but also team and individual player tendencies,
such as the ability to create, avoid, or shoot through traffic. For NHL front office staff,
coaches, players, and fans, our findings provide new insights into when traffic helps or
hinders scoring, depending on shot location and context.
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5.3 Concluding Remarks

This thesis demonstrates how tracking data can help to examine aspects of hockey that
have long been discussed anecdotally but rarely quantified. Through the introduction of
new metrics and methodologies, we offer a more complete picture of how puck control and
skater positioning during shot attempts impact success in ice hockey. We believe that these
contributions not only advance academic understanding but also offer practical techniques
for analysts and insights for coaches and players seeking to gain a competitive edge. In
short, possession and traffic matter, but their impact is nuanced. Not all possessions are
equally valuable, and not all traffic is equally effective. This thesis provides a framework
to evaluate those nuances and opens new possibilities for both research and practice in
hockey analytics.
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Conference, 2022.

[50] David Radke, Jaxin Lu, Jackson Woloschuk, Tin Le, Daniel Radke, Charlie Liu, and
Tim Brecht. Analyzing passing metrics in ice hockey using puck and player tracking
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