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Introduction

Context

In recent decades, baseball has embraced data
analytics through the rise of sabermetrics and
advanced statistics

Metrics like OPS, WAR, and xBA—along with
Statcast data—have transformed how teams
evaluate player performance

Problem Statement

Despite advancements in analytics, lineup
construction often still relies on conventional
wisdom rather than data-driven models

Many teams do not simulate lineups under specific
pitcher-batter matchups, missing opportunities to
optimize run production

ODbjectives

Importance

Building lineups with simulation-based models
allows teams to better exploit matchup advantages
and maximize expected runs, this evidence-based
approach enhances decision-making, contributing
to more effective game strategy and advancing the
role of analytics in sports

Evaluate lineup performance using statistical
simulation — Estimate average run production
and identify performance trends

Compare multiple lineup configurations — Test
traditional, reversed, and bench-player lineups to
analyze how player order affects scoring potential

Measure outcome variability with confidence
Intervals — Calculate means, and 95%
confidence Intervals to assess the reliability of
each lineup’s performance

Track granular offensive outcomes — Record
strikeouts, walks, singles, doubles, home runs, and
other key stats to understand how runs are
produced
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Team Pitcher Lineup Indices MeanRuns Cl _Lower Cl_Upper
e Best -> Worst [1,2,3,4,5,6,7,8,9] 4.27 4.21 4.33
Guardians Worst -> Best [19,18,17,16,15,14,13,12,11] 4,18 4,12 4.24
4P Best -> Worst [1,2,3,4,5,6,7,8,9] 3.73 3.68 3.78
Worst -> Best [13,12,11,10,9,8,7,6,5] 3.67 3.61 3.72
RHP Best -> Worst [1,2,3,4,5,6,7,8,9] 5.74 5.67 5.81
Dodgers Worst -> Best  [20,19,18,17,16,15,14,13,12] 5.70 5.63 5.77
4P Best -> Worst [1,2,3,4,5,6,7,8,9] 5.02 4.96 5.08
Worst -> Best [15,14,13,12,11,10,9,8,7] 5.01 4.94 5.07
RHP Best -> Worst [1,2,3,4,5,6,7,8,9] 3.41 3.36 3.46
Worst -> Best  [23,22,21,20,15,18,17,16,15] 3.39 3.35 3.44
LHP Best -> Worst [1,2,3,4,5,6,7,8,9] 2.84 2.80 2.89
Worst -> Best [(17,16,15,14,13,12,11,10,9] 2.84 2.79 2.88
RHP Best -> Worst [1,2,3,4,5,6,7,8,9] 5.16 5.10 5.23
Yankees Worst -> Best [15,14,13,12,11,10,9,8,7] 5.13 5.07 5.20
4P Best -> Worst [1,2,3,4,5,6,7,8,9] 4.92 4.86 4.99
Worst -> Best [13,12,11,10,9,8,7,6,5] 4.86 4.80 4,92
RHP Best -> Worst [1,2,3,4,5,6,7,8,9] 4,31 4,25 4.37
Worst -> Best  [19,18,17,16,15,14,13,12,11] 4.25 4.19 4.31

Athletics

LHP

Data Collection

* Web-scraped player and team performance data from Baseball Reference
» Collected batting metrics including plate appearances, at-bats, singles, doubles,

triples and more
Data Cleaning

Preliminary Results

« Simulated over 8 innings with varied lineup orders and pitcher handedness to
measure run production
* Indices represent batting order positions on the selected team’s roster

Best -> Worst
Worst -> Best
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[1,2,3,4,5,6,7,8,9]
[12,11.10.9.8.7.6.5.41

3.55
3.51

3.50
3.46

FIndings

3.60
3.56

* QOrganized raw datasets into structured, analyzable formats for simulation and

modeling

Statistical Modeling

* Incorporated contextual statistics such as baserunning metrics and platoon splits

(lefty vs. righty) to improve prediction accuracy

Simulation

» Used a Monte Carlo-style simulation to model full games and estimate

performances

 Ran over 10,000 simulations per lineup to evaluate expected run distributions and

calculate confidence intervals

* Tracked detailed offensive events (e.g., walks, strikeouts, home runs) to assess
lineup effectiveness

Guardians Offensive Splits

RHP

Average runs per 8 innings using [1-9] lineup = 4.27
95% Confidence Interval: (4.21, 4.33)

Plate Appearances per Game: 34.8

Strikeouts per Game: 6.5

Hits per Game: 7.6

LHP

Average runs per 8 innings using [1-9] lineup = 3.73
95% Confidence Interval: (3.68, 3.78)

Plate Appearances per Game: 34.1

Strikeouts per Game: 6.4

Hits per Game: 7.4

Results

These results suggest marginally higher offensive
performance against right-handed pitchers

Ongoing Research

Refine matchup modeling — Improve batter vs.
pitcher simulations by including pitch type,
velocity, and location heatmaps

Include defensive metrics — Add player fielding
data to evaluate overall game impact, not just
offense

User interface for coaches or analysts —
Develop a dashboard to let users simulate custom
lineups

Explore real-world outcomes — Compare
simulated optimal lineups to actual historical
lineups to assess performance gaps and missed
scoring opportunities

Automate data updates — Build tools to
periodically pull updated player stats and refresh
simulations for real-time decision support
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Abstract:

In recent years, data analysis has become an important tool for understanding and improving
baseball team performance. This research focuses on creating strong data structures and models
to analyze team batting and pitching stats. Our main goal is to process large amounts of player
data, ensuring it is accurate and ready for analysis. We look at important factors like hit rates,
success probabilities, and other key stats. Using Julia for open source programming, we focus on
making our code efficient and accurate. Our approach includes web scraping, building data
frames, calculating probabilities, and performing statistical analysis to inform a simulation that
evaluates a batting lineup against a pitcher. The simulation forecasts expected runs while
considering both batter and pitcher individual characteristics. By improving our models we aim
to provide actionable insights that help baseball teams make more informed decisions in strategy
and player management. This research not only advances the application of statistical methods in
sports but also has the potential to shape the future of sports analytics on a broader scale.

Presented at the 2025 NC State Spring Undergraduate Research & Creativity Symposium,
Raleigh, NC.
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