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ABSTRACT

This thesis seeks to analyze the effects of alternative queueing systems on guest
welfare in amusement parks. Many parks have implemented these systems, allowing
some guests to skip the traditional lines for attractions. This project entailed building an
amusement park simulation system , permitting analysis of five common alternative
gueueing systems. Numerous trials were run across a varied set of facility types. In
each system type, the guest access and attraction capacity fractions were varied to
gain insight into the systems. Output paramet ers relating to guest welfare were
compared between systems, and extension options for the simulation were provided,
leaving room for growth in another iteration of the project.
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1. Introduction

As the popularity of amusement parks grows, the length of the queues in parks follows
suit. With new attraction wait times pushing the ten-hour mark (Webster 2019), many
parks have implemented systems to reduce the amount of time guests spend in
gueues. These alternative queueing systems typically have a similar structure. A second
gueue runs in parallelto the normal queue, with the alternative queue requiring a pass
for access. These passes are obtained through systems included with park admission

or by purchasing them.

Implementing alternative queueing systems has an impact on how much guests are
able to do at a park. With access to passes, a guest may be able to experience more
attractions during their visit. However, the presence of an exclusive system can reduce
the amount a guest without access is able to accomplish. The purpose of this paper is

to study the impacts of these systems on overall guest experience.

2. Amusement Park Simulation Model

Amusement parks, in the broadest sense, consist of park guests interacting with
attractions in the facility. This simulation is similar. In each trial, a new set of guests is
randomly generated. They then step through time experiencing attractions for a set
guantity of time. Four trial parks were made, each with a unique set of attractions and

path layout.

2.1 Attractions
The fundamental unit of the amusement park is the attraction. Attractions in real parks
are extraordinarily varied, spanning from thrilling roller coasters to spectacular shows.
In this project, to reduce the diversity in attraction types, three attraction styles are used,

each correlating with how guests wait for and leave the attracti on.

Queued attractions are any attractions where guests are actively waiting in a line for an

experience with continuous dispatch. Most traditional rides fall into this category. Time
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attractions dispatch guests in bulk at predetermined times. Most live entertainment fits
in this category. Finally, free capacity attractions can hold a large number of guests
simultaneously for continuous amounts of time. Swimming pools and museum -style

exhibits are examples of this style.

Each attraction is reduced to a small feature set. The primary values driving their
operation are related to capacity and duration. In queued attractions, the guest flow rate
per minute into the attraction defines the capacity. These attractions also have
determined values for the cycle time, how long is spent once in the attraction, and the
minimum queue time, how long a guest must be waiting, at minimum, before boarding
the attraction. Queuedattractions, if able to breakdown, have a mean time to failure and
a mean time to repair. Each minute the attraction has a chance of swapping between
being open or broken with the inverse of these properties as the probability. Time
attractions have a setnumber of guests per dispatch. Similar cycle and minimum wait
times to those in queued attractions are defined. Finally, they have a set of dispatch
times, as these attractions only dispatch at certain times. The properties of free
capacity attractions tie in closely with guest decision making , so they will be discussed
below. Additionally, all attractions have a location in the park, indicating which node the
buusbdujpo!jt!gpvoe! bu!jo!bl!ofuxpsl!pg!uifl!aqghb

the number of nodes sitting under ten.

2.2 Guests
The guest model for this simulation is a simple choice algorithm, with guests
attempting to gain as much utility in as little time as they can. Ultility is primarily gained
by using attractions. At park startup, each guest is initialized with a set of stochastic
utility values for each attraction that is unique to them. Each attraction has two hidden
properties, a positive mean utility Ua and a thrill rating Ta, with magnitude less than one.
The mean utilities are chosen to reflect the typical wait time of similar attractions (Bull
2022). Each guest has their own thrill preference, Te, drawn randomly between zero and

one. The distribution of T is non-uniform, favoring values close to the edges of the
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range more, and preferring the high endover the low end. For each guest,the utility
gained at each attraction is set with a random normal drawing with parameters as

follows.
“ YJ EP® SY Y mgp h —

Ui fltdbmjoh! gbdups!nvmujgmjfelcz!uif!buusbduj
For a guest with a low thrill preference, high thrill attractions will have reduced utility

and vice versa. An attraction with a thrill rating of zero does not get impacted.

Aguf s! fygfsjfodjoh! bo! dained atthat atjraption wWilllcHaige.f t u! t | vt
The new value is normally drawn with the mean at four fifths of the original utility and

the standard deviation at two fifths . This is set up so that marginal utility is generally

diminishing, but a random positive experience could boost the result. For free capacity

attractions, utility only changes after some qua ntity of time is spent in the attraction,

with this parameter unique to the attraction.

Free capacity attractions have an additional parameter causing utility to be decreased
with increased guests present. With capacity C and G guests presents this multip lier M
is defined as follows . This value sits close to one for most G < C, but reduces to a half at

G = C and continues to zero beyond.

I
pQ

When a guest is unoccupied, they look over all attraction options and select based on
the ratio of gained utility to time. The time spent at an attraction depends on the
attraction type. For queued attractions, this includes walking to the location, waiting in

line, and the cycle time of the attraction. At timed attractions, guests use the time until



the next available event ends.In free capacity attractions , the utility reducer, M, above is
included with walking time to the attraction, W, and the time guests can spend before

their utility at the attraction changes, tu, to get an effective time spent value.

®w 0
0D

0

If a guest is able to gain passes to alternative queues at queued attractions, they will
use the utility per time savings to compare getting a pass to experiencing an attraction
outright. With the total experience time through the normal and alternative queue being

tn and ta, this savings can be represented as a bulk time spent, b.

Y OY Y 0 o. . (o JG))
- T T YO———h 0o s
0 0O O oD 0 O

In addition to enjoying attractions, guests have a few non-attraction options. They can
use the restroom, purchase food, or purchase merchandise. Guests have need for these
that increases linearly over time. When one of these need values overtakes the best

attraction per time option, the guest will spend time reducing the relevant need.

Guests arrive at the park randamly as well, with close to 20% of the target population
arriving at open and the remainder distributed exponentially through the day. Guests
may also elect to leave at any point if they have no utility per time options above a

certain threshold.

2.3 Park Models
Four test parks are used to test these systems, all loosely modeled after real world
facilities. Park one is a typical United States regional theme park. It features only
gueued attractions, many of which have a high thrill rating. Similar parks see annual

attendance a bit north of three million a year (TEA/AECOM 2019) equating to thirty



thousand a day given their seasonal operation schedule. Park two is a mid-sized
waterpark. It contains queued attractions and free capacity attractions, representing
water slides and pools. Waterparks at this scale can see upwards of four hundred
thousand guests a year over a similar seasonal operation schedule, yielding four
thousand on a typical day. Park three is a theme park with a live entertainment focus. It
contains both queued attractions and time attractions. Similar parks tend to operate at
a capacity point around twenty thousand a day. The final park, park four, is a wildlife
park. It features all three attraction types and operates at a very high capacity. With

year-round operation an average day can sit at forty thousand guests.

2.4 Baseline Simulations

To establish a point of comparison to the alternative queue options that follow, a set of

baseline simulations were run with no alternative queues.

Park 1 Park 2
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Figure 1: Total utility gained by all guests as a function of park attendance
for the four simulated parks. The dashed lines indicate the population size
of the remaining simulations.
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First, each park was run over a range of appropriate guest attendance values. For each
park and attendance, the total utility gained and the average utility per guest were
calculated. The total utility typically increased with attendance, but diminishingly. All
attractions have either limited guest throughput or a utility that diminishes with more
guests present. Once all seats are filled, an increase in attendance continues to keep
this total increasing, as a larger population will have more guests able to gain more
utility from those seats. In the case of park two, the total utility begins to decline at a
point. When the numerous free capacity attractions at this facility overfill their utility

output diminishes, causing a drop off.

The mean utility of all guests strictly diminishes as a function of pop ulation. Park two
has an abnormally shaped curve, again caused by the high quantity of free capacity

attractions in the park.
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Figure 2: Mean utility among guests as a function of attendance in the
four simulated parks. The dashed lines indicate the population size of the
remaining simulations.
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Select Queue Times in Park 3
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Figure 3: Queue times of select attractions in park three. The yellow bars
indicate time attractions taking place during the day.

Inspecting the queue times in the parks as a function of time can yield more insight into

ui fltjnvmbuj po! t! cf ofipakjthpes,/a feMiptprésiing dfféctsaré b! s v o !
visible. In Figure three, attraction one is located near the time attraction, a popular show,

with dispatch start and end times indicated in yellow. Prior to the show starting and

during the duration of it, the three attractions shown tend to have a decrease in wait

time. Attraction one sees a bump in wait time after the event, as many guests become
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unoccupied near it once the show ends. Midway through the day, attraction two

encounters a breakdown, causing its queue to be evacuated. The influx of unoccupied

guests spikes the wait times of other attractions. Once the attraction is repaired, it sees
b!'cpptu!jo!jut!pxo!xbjulujnflgps!blujnf/ 1 Jo!q
are visible. Before it begins it attracts guests and diminishes wait times around the

park. Attraction one, located nearby, sees a small hop after the show begins. Many

hvftut! xbml!up!uif!tipx!t! mpdbujpo!cvu! bsfl!luv
their other options, attraction one is nearby, causing this small deviation. It also sees a

sizeable increase after the show ends.

Select Queue Times in Park 4
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Figure 4: Queue times of select attractions in park four. The green bar
indicates a popular time attraction occurring.

Simulations where the guests were given inaccurate, rounded, or delayed wait time
values were omitted, as they have been studied in length(Daw, Nirenberg and Pender
2018).
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3. Alternative Queues

When implemented, alternative queue systems provide means for guests to effectively

skip lines. In these systems, an alternative queue exists in parallel to the normal queue

in queued attractions. To gain access to the alternative queue, different systems behave

differently. Some systems require payment to access while others come included with

park admission. Across all systems however, some fraction of guests will have access

to the system. Once guests are in the two queues, most systems behave similarly. The

bmuf sobujwf!rvfvf!jt!lefwpufelup!tpnflgsbdujpo
goes to the normal queue. These two quantities, the guest fraction and the capacity

fraction, provide a base spectrum to analyze these systems. Each pass type was

simulated over the range of these two values to study these general outcomes.

3.1 Wristband Passes
The first alternative queue option looked at with this simulation is wristband passes. In
parks with this system, guests may purchase a wristband, allowing them access to an
alternative queue. These guests are either given full priority over the regular line, or

merged with the regular line at the capacity fraction prior to dispatch.

At a glance, this system can provide extreme benefit to guests with access, notably
when the guest fraction is low and the capacity fraction is high. However, the mean
utility among all guests in the park is lower than in a park without this system
implemented unless the guest access fraction is fairly low . Wristband passes are suited
well to be a luxury option, offered by the park to gain more income from guests that

highly value their time or their attractions.
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Figure 5: Difference in utility between guests with and without wristba nd
passes shown above. Difference in utility between the average guestin a
park with this alternative queue system active and inactive below.

3.2 One-Time Passes
Another common alternative queue system is similar to the wristband pass above,
except it can only be used at each attraction once. These passes provide a much less
extreme benefit to guests than wristband passes do . These passes though, retain their
value better than wristband passes as the fraction of guests with them increases, with a
shallower angle across the gain with access graphs. The mean utility among all guests
with this system active is typically below the mean without the system active, with
exception when the guest access fraction is low. Onetime passes sit in the same

category as wristband passes above, beneficial as a luxury option.
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Figure 6: Difference in utility between guests with and without one -time
passes shown above. Difference in utility between the average guest in a
park with this alternative queue system active and inactive below.

3.3 Return Passes
An extremelyweld opxo! bmuf sobujwf!rvfvfjoh!tztufn!jt!
in the simulation is highly inspired by FastPass. In the park, guestswith system access
are allowed to pick up return passes at select attractions. At the pick -up kiosks, guests
scan their admission ticket and receive an additional paper return pass with two times
printed. The return time, when the guest may visit the attraction through the alternative

gueue, and the time when the guest my obtain another return pass are both listed.

The return time for the attraction is tabulated incrementally, with the time bumping up
five minutes every so many passes taken. This quantity is determined by the target
ovncfs!pg!hvftut!uispvhiltuif!bmufsobujwf!lrvfyv
multipiedbyui f ! bmuf sobuj wf ! The time fvhen thergliestloan bbsaimu j p /
another pass is either the return time or two hours from the time the last ticket was
taken, whichever is smaller.
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When giving only some guests access, theregion where those guests benefit the most
is fairly steep compared to the other options . When more guests get access to the
system, more passes are taken and fewer pass options remain, making the system less
beneficial. The mean utility in the park is also closer to the mean without this system

implemented, especially in parks one and two.

Figure 7: Difference in utility between guests with and without access to
return passes shown above. Difference in utility between the average
guest in a park with this alternative queue system active and inactive
below

3.4 Virtual Electronic Passes
In this alternative queue system, some guests may use mobile electronics to reserve a
single attraction returntime atatmf / ! Fbdi ! buusbduj po!t!sfuvso! u,
opsnbm!rvfvfilt! xbjulujnf/1TUijt!gsbdujpo!jt!ui
thesfuvso!ujnf!dpnft!vg-ltuif!hvftu!nbz!foufs!ui

priority over the normal queue and reserve their next attraction.
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