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Marching band competitions require members to perform under pressure after long periods of time waiting before they start the
first note of their performance. This study examines the competitive environment of marching band performance and its effects
on performers’ emotional states. In particular, the waiting process before performance may influence how nervous, excited, or
tired performers feel. This study uses queueing and performance psychology theory to examine how marching band students
experience the different lines and waiting areas before a major competition performance. Using a mixed-methods approach,
the study surveys 32 participants from a major high school marching band competition at MetLife Stadium and employs a
Python-coded queuing simulation to compare waiting patterns with students’ reported emotions. The survey results showed that
students usually felt like they waited longer than they actually did, suggesting that stress and fatigue may make waiting feel
longer. However, other students reported that being slightly less nervous when actively waiting (by practicing and preparing) can
help reduce anxiety. Additionally, the highest stress levels were reported near the stadium and performance areas as the marching
band moved closer to the actual performance phase. The simulation demonstrated that queue congestion aligns with emotional
stress points reported by performers in the survey. The study’s findings show that performers should reduce excessive practice
time, incorporate air-valve visualization techniques, and organize competition flow to minimize pre-performance bottlenecks
that may induce stress. In conclusion, this research provides evidence-based recommendations to enhance performer experience
and reduce pre-performance stress in marching band competitions.

Keywords: Queue Psychology, Performance Psychology, Marching Band Competition, Queueing Theory, Perceived
Wait Times, Pre-Performance Stress

Introduction

Queuing theory is a mathematical discipline that focuses on
waiting lines and how they operate. It is a study to make the
waiting lines more efficient and shorten the overall wait time,
enhancing the participants’ experience. In queuing theory,
each step, called “queues,” are identified and analyzed with
queuing models that help to visualize the entire service sys-
tem and identify the estimated service times on each queues.
Psychological theory is the study of how people perceive and
feel. It specifically observes the mental and behavioral pat-
terns of the participants when put in specific situations or en-
vironments. This study will combine both theories to analyze
the queues of a marching band competition and its effect on
the performers. Both theories, although each belonging to dif-
ferent branches are related. Kumar states that a necessary part
in queuing theory is to observe the participants’ experiences in
the overall queue1. This involves looking into how the partic-
ipants perceive the experience mentally and how they behave
in each queue. One common example of a combination of
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two theories is when people have to wait in a long line, not
knowing when they will be able to receive the service. This
creates frustration. Another common example can be found in
Disney’s queues. Many people waiting for the rides stay ex-
cited throughout the long waiting lines. This is because Dis-
ney incorporates distracting yet engaging designs throughout
its queues, keeping waiters engaged and happy. It is neces-
sary to observe the behavioral and emotional responses of the
participants when analyzing a queue for a queue can evoke
different reactions such as excitement, nervousness, anxiety,
anger, stress, or boredom.

One everyday activity that requires waiting is competition.
Marching band competitions are among those that require a
lot of waiting. They have several queues that are required be-
fore the actual performances, such as unloading, practicing,
and waiting. These minor steps are all methodically arranged
so that the competition’s circulation goes smoothly. However,
minor queues require time and a lot of energy, which corre-
lates with the stress that the band performers have reported to
experience. The stress from queues causes music performance
anxiety (MPA), which is “a natural, emotional, and physiolog-

© The National High School Journal of Science 2026 | 1



ical response to the stress of public performance”2. Anxiety
can either be constructive, stimulating energy, or destructive,
panicking psychologically3. It has been widely identified that
“the physical and psychological symptoms of performance
anxiety often prevent the attainment of success”4. Recently,
topics of MPA have been increasing in the scientific litera-
ture, trying to find ways to address the issue due to the rise
of performance anxiety awareness. Gómez-López’s research
identified that 95% of live performers experience MPA, with
60 to 80% of professional musicians experiencing MPA. Ad-
dressing pre-performance anxiety becomes crucial especially
for younger students because they need to learn ways to man-
age it for MPA not only impacts the performance quality at the
moment but also their future experiences with performances.
This research analyzes differences between perceived and ac-
tual wait times, how they affect performers’ psychology and
performances, and ultimately provides recommendations to
marching band competition organizers on how to reorganize
the competition queue to optimize participants’ well-being.

Related Works

Queuing theory is the mathematical theory of waiting lines,
which analyzes components such as waiting time and cus-
tomer counts to enhance service. It has a linear structure with
several queues in between, so the individual in each queue
will be processed in the order they arrive. In simple terms, the
concept of first-come, first-served. A queue can be as simple
as going into a cafe, lining up, ordering, waiting for your or-
der, and receiving it. There is a step-by-step, chronological
process: whoever comes into the store first will receive their
order first, the second will receive after, and so on. There are
five types of queues: input-restricted, output-restricted, circu-
lar, double-ended, and priority. Queuing theory balances sup-
ply and demand to make the process of waiting for and receiv-
ing service efficient. However, Furnham claims that a clear
understanding of the psychology of the individuals waiting in
the queue and of how the queue impacts them in addition to
mathematical functions, are significant in creating a successful
queue. Furnham’s The Psychology of Queuing concurs by em-
phasizing the need to recognize and analyze the impact of the
queueing environment on people in line, as their experiences
are reflected in their reviews5.

To enhance the queue experience, one of the most important
elements to analyze is the difference between actual and per-
ceived wait time. Maister’s The Psychology of Waiting Lines
addresses the problem that while occupied time feels shorter
than unoccupied time, the latter feels longer and evokes frus-
tration and stress. He uses “The First Law of Science is sim-
ple” formula, satisfaction = perception - expectation, to cal-
culate the level of service for his research. He concludes that
anxiety as well as uncertain waits, make the perceived wait

time longer. Eagleman also identified that time perception de-
pends on stress and anxiety6. Similarly, Chu, Westbrook, et
al.’s study titled The psychology of the wait time experience -
what clinics can do to manage the waiting experience for pa-
tients: a longitudinal, qualitative study focuses on patients’ re-
sponses to different waiting queues in their HIV care clinics7.
Chu and his colleagues interviewed patients before and after
their clinics to analyze how they felt and which elements of
the queue caused them to feel that way. After the observation,
the researchers claim that making the waiting area comfort-
able for patients and informing patients of the delays helps
to mitigate the negative responses from the patients. Both
Maister & Chu, through their research, shows that the mood
and the emotion of the customers during the queue influence
the perceived time. Furthermore, researchers Epel, Crosswell,
Mayer, Prather, Slavich, Puterman, Mendes, and Dean write
about the importance of unified procedures of measuring stress
because it is a very obscure topic. They write that when de-
termining stress levels for analysis or research, considering
self-reports as well as possible environmental factors are cru-
cial because it helps to show the psychological state of the
individuals. However, the paper warns against some limita-
tions such as (1) psychological state not matching/showing the
physical state and (2) the subjective reports are heavily relied
upon by each individual with their willingness as well as un-
willingness to participate, different sensitivities to stress, and
their own unique ranges of stress levels8,9. Epel et al., there-
fore, warns the readers that analyzing stress levels should be
proceeded with caution.

Although most queueing theory-related observations are
made from customers or in hospitals as mentioned before, the
theory also applies for music performers awaiting for their mu-
sical performances. Music performance anxiety, commonly
known as MPA, is anxiety that many performers develop be-
fore their performance, and it impairs the quality of their per-
formances. Twitchell and He, both of their researches, address
that MPA is developed from pressure from the self and or from
other members in the band because of the thought of having
to protect their reputations as talented musicians10,11. They
use BPS models and other models to visualize and understand
stress, identifying potential mitigating factors for performance
anxiety. The BPS models showed that the anxiety was similar
to threat-like feelings. Passarotto, Worschech & Altenmuller
go in depth in “The effects of anxiety on practice behaviors
and performance quality in expert pianists,” where they ob-
serve pianists’ practice behaviors and performance qualities12.
The pianists had to self-report their stress and anxiety levels
using the Visual Analogue Scales of Anxiety before and after
their practices. The participants had to play Scriabin’s Sonata
op. 53, bar 85, at 90 beats per minute, and the researchers
noted wrong notes, missed notes, rhythmic accuracy, and
loudness homogeneity. The researchers also collected partici-
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pants’ heart rates, and after careful analysis of all the data, they
concluded that practice time was positively correlated with
performance anxiety. Yu(2015)’s Choking under pressure:
the neuropsychological mechanisms of incentive-induced per-
formance decrements claims that musicians experience stress
due to their tendency toward perfectionism. They want to
perfect every part of the music, leading them to constantly
practice and put more pressure on themselves, which ulti-
mately negatively impacts the performance quality. Twitchell
and his colleagues suggest that breathing exercises, practice
performances, and visualization of the performance help to
mitigate anxiety. Moreover, these sources by Belén Gómez-
López and Roberto Sánchez-Cabrero both focus on different
effects of MPA as well as coping methods. Specifically, Belén
Gómez-López and Roberto Sánchez-Cabrero analyzes exist-
ing research on MPA published in the years 2018 to 2023;
however, out of 71 initial researches found, they only analyzed
10 following the preferred reporting items for systematic re-
views and meta-analysis or PRISMA2. Their sources were all
chosen by the words they each included, the year of the publi-
cation, content, and the language it was written in. After care-
ful analysis, Gómez-López and Sánchez-Cabrero found that
there was a severe lack in the sample sizes, which becomes a
problem when it comes to generalization. Additionally, they
identified that the levels of MPA were not clearly stated in the
majority of the studies and that the population of the subjects
were all over the age of 18, which created some bias. Over-
all, they concluded that more in-depth research is needed and
that the emphasis should shift to music students and their ef-
fects because not only can music performance anxiety affect
the performance quality, but also the musician’s life. Gómez-
López and Sánchez-Cabrero does a solid analysis on the ten
researches, looking into the data collection method, design,
control group, treatment, and results; however, the amount of
research they analyzed is not significant enough to be general-
ized. Additionally, they only looked into English and Spanish
research, which does not consider other parts of the world.
They also found that self-reported stress helps to identify the
severity of the psychological state of the subjects. Self-reports
of the participants may not seem a reasonable methodology;
however, it is known to be the simplest, reasonable way to
measure the stress levels to each stressors because it “captures
an individual’s perception of how overwhelmed [the partici-
pants] are by their current life circumstances.” After observing
and analyzing the “psychological, cognitive, behavioral, and
physiological responses to [stress] exposure,” Alexandra D
Crosswell and Kimberly G Lockwood identified simple ways
to measure stress levels: self reports, which is the reason why
this research is completed through self-reports. Crosswell and
Lockwood refers to other research in order to accurately pro-
vide practices to measure stress in a psychology study and ob-
serve the latest methods that have been commonly used by

other researchers13. One limitation is that some of the re-
search Crosswell and Lockwood use are published in the late
1900s and early 2000s, which could be considered as not “re-
cent” as they stated13. Still, they incorporated thoughts of the
members of the Stress Measurement Network, which is an or-
ganization made up of global psychology experts to enhance
public understanding of stress, increasing the writing’s credi-
bility. Scott Aubrey in his The relationship between anxiety,
enjoyment, and breakdown fluency during second language
speaking tasks: An idiodynamic investigation found there are
“significant positive correlations between anxiety and break-
down fluency”14. His research focuses on how anxiety and
enjoyment would affect the participants’ ability to speak flu-
ently. He performs his research by recording in which the par-
ticipants talked in and identified silent pauses that were 0.25
seconds or more. His study involved four participants, and
for all four participants, as momentary anxiety increased, the
length of the pauses during the speeches increased. Moreover,
Bakhtiari, Borges, Burin, and Schoonover all used the method
of study analysis of current studies to identify different coping
strategies for music performance anxiety15–19. They found
that preparation prior to performance, positive mindset, yoga,
and other relaxation techniques seemed to have positive cor-
relation with less music performance anxiety. However, both
studies only reference those that are written in English and
those that lack control groups, which are aspects that have
to be taken into perspective. Similarly, Pressman, through
four different studies involving 1,399 participants, have found
that leisure activities are associated with well-being and bet-
ter psychological and physical functioning20. Furthermore,
Hendricks, Sieger, Thompson, Alario, Simunovic, and Riley
recommend some implications that music educators could use
to mitigate music performance anxiety such as talking to stu-
dents in a specific way to show their trust and respect towards
the students21–26. Sieger performed a series of interviews in
order to collect the information. However, the interviews were
collected in a short time period and the data were not deeply
analyzed compared to the large sample size25. Professor van
Schalkwyk also agrees with the ideas presented by Hendricks,
Sieger, and Thompson after researching into what makes chil-
dren to be more prone to opening up and sharing their true
feelings with others27.

Methods

The study uses a quantitative survey-based methodology with
simulation modeling to identify the stress points in the March-
ing Band Competition queues and why those points are
most stressful. The survey-based quantitative method allows
the survey to collect band members’ (participants) emotions
throughout the queue, as well as their perceived times for each
station.
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This survey examined the discrepancy of perceived wait
times and actual wait times. The survey hypothesized that
these discrepancies may show higher levels of stress or ele-
vated emotional stress. In this study, perceived wait time was
defined as how long participants believed or felt they waited
at a specific station in the competition process. These wait
times were surveyed and self-reported by the participants. Ac-
tual wait time was defined as the time the experience took,
based on direct observation and GPS logs. All actual service
times and station times were recorded through direct observa-
tion and GPS tracking.

The goal of the research is to identify the areas of the queue-
ing process that strongly influence performers’ stress and ex-
plain why. Since stress is “not a monolithic concept” that
involves “interactions between individual and environmental
factors,” the research will combine the data from perceived
and actual time of each queue with the self-reported emotion
levels to estimate the stress level at each station9. Another
goal is to recommend that competition holders and band di-
rectors consider certain patterns or practices to improve per-
formance.

The survey consists of 32 participants (n = 32) that followed
the following selection criteria:

• members of high school marching bands

• had at least on experience competing at the MetLife Sta-
dium

• were willing to share their emotions

The survey divided up the competition queue into seven sta-
tions: Parking Lot → Travel → Practice Area → Travel →
Outside Stadium → Inside Gate → Stadium. The questions
in the survey all asked the participants to rank their emotional
measurements (Nervousness, Excitement, Tiredness) from 0-
10 (no emotions to strong emotions) in each of the seven sta-
tions. The participants were also asked for their chop condi-
tions (“a person’s lip condition”). Some of the participants
were randomly asked for their experiences during one of the

competitions to make sure that the respondents had enough
time to talk about their live emotions.

Participation in this study was voluntary and anony-
mous. Participants were recruited through voluntary sampling
through marching band networks. The survey did not require
participants to provide any identifying information to maintain
each participant’s anonymity. All participants were allowed to
withdraw at any moment. Because the survey involved min-
imal risk and collected anonymous self-reported information,
it was conducted in accordance with standard ethical research
practices for survey-based behavioral research. Participants
were informed that their responses would be used for aca-
demic research purposes only.

Queueing Model

The participants were provided a diagram for context and
asked to complete a structured survey that recorded both sub-
jective measures for each queueing state. Questions such as
“How long do the practices feel like?” and “How long does it
take to carry the equipment to the practice area?” were asked
for subjective data. Questions like “How excited are you when
you get off the bus to unload?” and “How tired do you feel af-
ter running through the show?” were asked for subjective data.
The survey asked these questions for each identified station.

Actual wait times used in this study are best understood
as structured estimates rather than directly measured observa-
tions. Travel times between stations were approximated using
distance and route information from Google Maps, and ser-
vice times at each station were drawn from the personal com-
petition experience of the researchers rather than from times-
tamped field observations. Because no systematic timing data
were collected on-site, these values represent informed ap-
proximations of typical competition flow and should be in-
terpreted accordingly. They are used here to establish a rea-
sonable reference point for comparing perceived duration, or
the estimated actual times, against expected duration, not to
assert precise empirical ground truth. This distinction is ac-

Figure 1. Queue Flowchart
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knowledged as a limitation of the study: without instrumen-
tally measured actual times across multiple competitions, the
perceived-versus-actual comparisons reflect relative patterns
and directional trends rather than exact discrepancies. Future
research would benefit from structured field observation pro-
tocols to obtain verifiable timing data.

The table below summarizes the estimated parameters used
to characterize each station in the queueing model. Ranges
rather than point values are given where possible to reflect the
natural variability in competition scheduling.

As for the perceived time and emotional and physical states,
this research used the participants’ 0-10 scales, collected
through the survey. The research sorted the scales to 1-5; 0
and 1 being the 1; 2 and 3 being the 2; 4, 5, and 6 being the 3;
7 and 8 being the 4; and 9 and 10 being 5. After the research,
the percentages for each sorted value were used to create the
graphs.

Simulation Model

To further analyze how marching band competitors move
through the competition day, this study also created a queue-
ing simulation model based on the seven stations identified in
the survey: Parking Lot → Travel → Practice Area → Travel
→ Outside Stadium → Inside Gate → Field Area → Perfor-
mance. The goal of the simulation model is to identify where
bottlenecks form and determine wait times. This simulation
can also be used to adjust the schedule to improve the com-
petition’s efficiency while enhancing the psychological expe-
rience.

The model used a discrete-event simulation in which each
team moves through a series of queues. Each queue is treated
as a service station with its own number of “servers” (for ex-
ample, practice slots or gates) and its average service time.
Arrival rates and service times were taken from the competi-
tion schedule and from the timing patterns reported by partic-
ipants.

Simulation Assumptions

The simulation was built on a combination of empirically in-
formed parameters (drawn from observed competition sched-
ules, staging logistics, and typical event structure) and model-

ing assumptions made for tractability. The distinction between
the two is noted explicitly below, as it bears on how outputs
should be interpreted.

Station sequence

The seven-station pipeline — Parking Lot → Practice Area →
Outside Waiting Line → Inside Gate → Field Area → Perfor-
mance — reflects standard marching band competition flow
and was confirmed by participant survey responses describing
their movement through the day.

Arrival intervals (λ )

Interarrival time ranges were derived from typical competition
scheduling blocks and observed band spacing at each stage.

• Parking Lot: every 13–17 minutes

• Practice Area: every 18–22 minutes

• Outside Waiting Line: every 5–10 minutes

• Inside Gate: approximately every 5 minutes

• Field Area: every 5–7 minutes

• Performance Station: every 10–15 minutes

Service time ranges (µ−1)

Service durations were based on standard warm-up durations
and official performance time slots, cross-referenced against
participant-reported experience times.

• Parking Lot: 15–20 minutes (unloading and equipment
setup)

• Practice Area: 55–65 minutes (full warm-up block)

• Outside Waiting Line: 5–10 minutes

• Inside Gate: 10–15 minutes

• Field Area (staging): 5–10 minutes Performance Station:
10–15 minutes

Station Arrival Rate Service Rate Servers Travel Time to Next
Parking Lot every 15 min 15–20 min multiple 3–5 min
Practice Area every 20 min 60 min 4–6 teams 10 min
Outside Waiting Line (stadium) every 5–10 min 5–10 min 2–3 teams 2 min
Inside Gate every 5 min 10–15 min 3–4 teams 1 min
Field Area every 5–7 min 5–10 min 1–2 teams 1 min
Performance Station every 10–15 min 10–15 min 1 team 0 min
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Server capacity (s)

Concurrent server counts reflect physical space constraints
and typical event coordination limits reported by participants
familiar with MetLife Stadium’s staging areas.

• Practice Area: 4–6 concurrent bands

• Outside Waiting Line: 2–3 groups

• Inside Gate: 3–4 groups

• Field Area: 1–2 groups

• Performance Station: 1 group

Arrivals at all stations were modeled using a Poisson pro-
cess. A Poisson process is a standard assumption in discrete-
event queueing models that treats arrivals as random and mem-
oryless. Service time was assigned randomly from a uniform
distribution over the stated range; uniform distributions were
used primarily for their relative ease of use and to provide
maximum transparency. Empirically determined service time
distributions could have been applied if timestamped field data
had been available. Stations were scheduled in a first-come,
first-served (FCFS) manner. Although FCFS is a commonly
used rule for scheduling, there may be times that competition
officials may provide different priorities. To reduce variability
due to randomness, 50 teams were simulated, and the simu-
lation was run 50 times. These values were selected without

regard to formal statistical considerations, as a pragmatic ba-
sis to allow comparison of the impact of alternative scheduling
rules. Since the primary objective of the modeling effort was
to compare two scenarios, and not to obtain accurate timing
information about individual events, no attempt was made to
precisely replicate the timing details of real-world competi-
tions.

Results

From the data collected through the survey, the perceived time
exceeded the actual time throughout the stations. The order of
the biggest difference between the two goes from the Practice
Area, Parking Lot, Travel (Parking Lot → Practice), Stadium,
Inside Gate, and Travel (Practice Area → Outside Stadium).

With information gathered on the emotional measurements
at each station, the researcher combined all three data sets to
see how they developed throughout the queue. Overall, the
trends for nervousness and excitement were very similar, with
a dip during the Practice Area, then increasing as participants
approached their performing area. The research identified that
the most “stress peak” area, or the area with the most amount
of anxiety or nervousness, is the Stadium, right before the par-
ticipants’ performance. For the tiredness trend, however, it
was different. The level decreased throughout the queue.

The research also combined the time difference between
perceived and actual time and nervousness to determine
whether there are any correlations. The only significant in-

Figure 2. Perceived vs Actual Wait Time By Station

6 | © The National High School Journal of Science 2026



Figure 3. Emotional Measurements across Stages

formation that can be seen is in the Practice Area when the
time difference between the Perceived Waiting Time and the
Actual Wait Time is at its peak. From the estimated or per-
ceived times of M = 11.5 (SD = 10.5) traveling from the park-
ing lot to the practice area to M = 79.9 (SD = 17.2) at Practice
Area and M = 11 (SD = 6.7) traveling from the practice area to
the outside stadium, the Practice Area shows a jump from the
traveling estimated time from the parking lot to the practice
area.

To evaluate the physical toll of the practice area station,
which the survey identifies as the longest stage, participants
reported their chops condition at three successive moments:
before practice, after the main practice time, and after the
full run through. Chops condition reflects embouchure readi-
ness on a scale of 0 to 10 with a higher score indicating
greater physical readiness and freshness. The scores decreased
steadily across the three stages, indicating embouchure fatigue

before performers even reached the performance area.

Baseline Simulation

The following values are modeled estimates generated by a
simulation under the stated assumptions in the methods sec-
tion. The primary goal of the simulation was to discover po-
tential bottlenecks within the queue process (a representation
of the competition). The simulation results will be used to
provide additional information or evidence (i.e., as a support-
ive qualitative analysis) to support what has been observed
through theory-based qualitative analysis, but will not be used
to validate any observations. The simulation data showed
that the two locations where performers experienced the most
waiting for service were the Practice Area and the Perfor-
mance Station. Both stations created large bottlenecks be-
cause they have longer-than-typical service times and lower-

Table 1 Baseline Simulation Performance Metrics.

Station Mean Wait (min) Max Wait (min) Mean Total Time in Station (min)
Parking Lot 0.8 10.7 18.3
Practice Area 10.5 46.5 70.5
Outside Stadium 0.0 0.0 7.5
Inside Gate 0.0 0.0 12.5
Field Area 0.1 2.5 7.6
Performance 9.8 28.1 22.3
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Figure 4. Time Difference vs Stress Levels

than-normal service capacity. As shown in Table 1, these areas
have the longest total wait time, including the waiting area,
which can add up to 60 minutes of practice (service time) and
10.5 minutes of wait time combined. In other simulation tri-
als, there were wait times of up to 6 minutes before they even
began their warm-up. At the performance station, wait times
also spiked significantly, averaging 9.8 minutes and occasion-
ally reaching 28 minutes. All other stations formed with no
queues, indicating that the competition’s time pressure is con-
centrated in only two places.

Improved Simulation (Shorter Practices and
Two Performance Servers)

The simulation model was modified to a redesigned competi-
tion schedule with a 45-minute practice block rather than 60,
reducing the physical fatigue associated with “chops.” To re-
duce performance bottlenecks, another modification was the
addition of two parallel performance slots. As shown in Table
2, there were some key improvements. The average wait time
in the practice area dropped from 10.5 minutes to 2.2 min-
utes. The maximum wait fell from around 46 minutes to 19
minutes. The total practice area time shrank by more than 23
minutes. The performance wait time almost shrank because
more marching bands would be on the field.

Discussion

The Practice Area had the largest gap between perceived and
actual wait time. The research found that the closer perform-

ers get to their performance, the stronger their overall feel-
ings, such as nervousness and excitement. Psychologically, as
someone gets closer and closer to the event, they tend to be-
come tense, either negatively with nervousness or positively
with excitement. Also, the locations, moving from the out-
side to the back of the stadium to the field, add to the tension.
Lastly, as the participants get closer and closer to the stadium
for their performance, they can hear and see their competi-
tors either finishing or waiting for their turn. Managing per-
ceived time can help mitigate stress because more perceived
time reduces tension correlated to other distractions, such as
practices. However, the more practices the performers have,
the worse their conditions become.

Additionally, the simulation model suggests that the Prac-

Figure 5. Chops Conditions
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Table 2 Improved Simulation Performance Metrics

Station Mean Wait (min) Max Wait (min) Mean Total Time in Station (min)
Parking Lot 0.8 10.7 18.2
Practice Area 2.2 19.8 47.2
Outside Stadium 0.0 0.0 7.5
Inside Gate 0.0 0.0 12.5
Field Area 0.1 3.0 7.6
Performance 0.5 6.8 13.0

tice Area and the Performance Station generate the most wait-
ing and are therefore the primary contributors to frustration,
boredom, nervousness, and fatigue. The Practice Area had
the longest perceived time M = 79.9 (SD = 17.2) in the sur-
vey, and the simulation explains why: it is both slow and
capacity-limited, producing persistent queues. Interestingly,
the survey results also showed that performers felt less ner-
vous in the Practice Area, despite it feeling long, which aligns
with research on queueing psychology. Occupied time (prac-
ticing, moving, preparing) feels shorter and reduces anxiety
even when it objectively lasts a long time. Additionally, the
performance station was the other bottleneck. This corre-
sponds with the “stress peak” observed in the emotional data,
where nervousness and excitement sharply increased as per-
formers approached the stadium. Simulation shows that even
short delays at this station stack up quickly, creating a tense
pre-performance atmosphere. All data was self-reported, so
there can be bias from respondent to respondent due to differ-
ent environments and different classifications of each emotion.
However, many researches involving stress are analyzed with
self-reported perceptions for it shows “the duration and sever-
ity of the psychological response to stressors,” so the method-
ology is reasonable28. Additionally, the self-report results
signify that the members’ emotions fluctuated throughout the
queue.

Future Intervention

The research recommends image training, commonly known
as air valve, instead of practicing for a long period of time.
During image training, the performers will perform all their
visuals and press their instrument keys. They will just not
blow into it. Another recommendation is to have fewer prac-
tices, and pep talks from the band directors also helped to mit-
igate the anxiety.

Additionally, the study ran an improved simulation scenario
which revealed a couple of recommendations. One finding
showed that shortening the practice block can improve wait
time and therefore improve physical exhaustion. Addition-
ally, the competition can reduce the peak of psychological

stress before performance by adding a second performance
slot, which can eliminate pre-performance queue wait time
and buildup. These recommendations can also create a more
predictable flow into the station. Based on Maister’s principle,
reducing this uncertainty and turbulent wait time can reduce
perceived wait time and stress. Overall, the improved simu-
lation demonstrates that the queue design for marching band
competitions can support not just the logistics of the compe-
tition but also the psychological experience of students and
performers. By utilizing a model such as a queue simulation,
organizers can improve performers’ emotional experience, re-
duce physical strain, and create a smoother, more supportive
performance environment.

Conclusion

In conclusion, this study has collected survey data and perfor-
mance metrics from a simulation model that show how march-
ing band competition queues can affect performers mentally
and physically. Students often reported longer wait times (per-
ceived wait times) than they actually did (actual wait time).
The survey data also show that longer practice times were as-
sociated with physical fatigue, attributed by decline in em-
bouchure (“chops”) conditions. The survey results suggest
that both time perception and tiredness can negatively affect
how performers feel before and after performances.

Additionally, the simulation model was used to support the
findings of the survey and observed bottlenecks in the Practice
Area and Performance Stations. These stations caused longer
wait times, which matched areas where participants reported
higher levels of stress, tiredness, and nervousness. The simu-
lation tested an improved version with a shorter practice block
and the addition of queuing capacity at the performance sta-
tion, which reduced wait time. These adjustments in the com-
petition can make the overall flow smoother and less stress-
ful for performers. One limitation of the study is that the
emotional ratings were self-reported on the survey and each
participant may have interpreted the scales differently. Also,
because the data was based on observation and personal re-
sponses, the study can only assume relative trends and patterns
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rather than ground truth.
Overall, the findings suggest that queue systems in march-

ing band competitions are not just about organization and tim-
ing. They also create emotional environments that can affect
how students feel before performing. If practice time is ad-
justed and the schedule becomes more predictable, perform-
ers may experience less performance anxiety and feel more
prepared. In conclusion, thoughtful queue design can make
marching band competitions more efficient, less stressful, and
more supportive for high school musicians.
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