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ABSTRACT

A fundamental skill that must be develdpby all Suface Warfare Officers
(SWOs) is shiphandling. Currently, the only ways for a junior SWO piactice
shiphandlingare through the Conning Officer Virtual Environment (COVE) training
system at Basic Division Officers Course (BDOC), the NawgatSeamanship, and
ShipHandling (NSS) trainers at fleet concentration areas, and drivingatttaal ship. In
orderto increase opportunities to practice this critical skill, this thesis investigated the
effectiveness of a tablet-basetiiphandling training application. A prototype tablet
training application was developed for this studye training application includes
a user-ontrollable virtual ship in a pier-landingcenario, with optional wind and
current that shows the resultanortes on the ship. For the effectiveness study, the
tablet grouppracticed pier landings using the tablet application for twenty minutes
before executing aimilar scenario in COVE graded by a BDOC instructor using
BDOC evaluation methods. The control group conducted the COVE scenario without
using the applicatioriThe study concludes that the tablet group performed better than the
control group, but notat a statistically significant level. More testing will be
needed to establish that the application does indeed imprdeempance.
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l. INTRODUCTION

A. RESEARCH PROBLEM AND MOTIVATION
1. Importance of Conning for the Navy

Having the conn of a warship is the core of the surface warfare Nasyhé first
thing young surface warfare officers (SWOSs) are directed to &saenprofessionaand it
remains a critical part of being a SWO for the rest of their careers, from a first tour division
officer to the commanding officer (CO)Shiphandling in one of the key measures of a
naval officer” (Barber, 2005). @ning has beeand will always be a cornerstone of the

surface Navy.

a. Definition of Conning

That begs the question, what exactly is conning? What does it mean and what does
it entail? Having theconri means that officer is in direct control of the shipontrollable
forces, those being the engines, rudder, tugs, lines, and anthersonning officer will
carry out the orders of the officer of the deck (OOD) and the CO, but remains in sole
command of the helmsmano Tontrol these forces, the conning officer uses a series of
verbal standard commands to other bridge personnel, and all officers must master the
standard commands before they are ready to take the Thase standard commands
remove ambiguity and are tcal because when giving orders to control a massive warship
in tight formation, conducting an underway replenishment (UNREP), or taking the ship

pier side, there is no room for miscommunication or ambiguity.

b. Cannot Fight a Ship if Cannot Get it Safely toWarzone

It is of great importance that every SWO, from the most junior ensign onboard to
the CO be a capable marinérnaval vessé$ value is in its ability to maneuver into the
battlespace, wherever that may leotder to get to the battlespacesbatind quickly, the
ship must be able to get underway rapidly in any condition from any port in the world.
Today there is a lot of reliance on harbor pilots, even overEeas with this it is critical

that the SWOs onboard are able to handle the shall inonditions no matter what
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Warships are most valuable when out to sea ensuring freedom of navigation, projecting
power, and supporting American interests, and they cannot do this mission set if the

officers onboard cannot safely get the ship underway and to the fight.

C. Description of What a Conning Officer étually Does

The conn is a watch station on the bridge of a warskiggy SWO will qualify as
a conning officer early in their career, and it is usually the first official watch they will
stand The conning officer will stand their watch and will work directly for the OOBe
OOD is the CCs representative and is responsible for overall operations of the ship and
safe navigation. flere also may be a junior officer of the deck (JOOD), but this
watchstander assists the OOD in executing the other duties on the bridge, which could be
anything from working maneuvering boards (moboards), talking with other naval vessels

or commercial vessels over the radio, or whatever else is required.

The conning officés sole job is to drive the ship, and they are not expected to be
tasked with anything else [while they have the conn]. They will take direction directly from
the OOD regarding the overall maneuvering plan, but retain the sole authority to give
orders tathe Sailor or Sailors controlling the helm (rudder) and lee helm (engines). There
are a multitude of factors that the conn must keep track of and account for before or during

any order, so it is critical thatfshe be allowed to focus solely upon driving the ship.

2. Difficulty of C onning

Conning a ship is no easy task, and junior SWOs are expected to learn hatv to do
quickly after checking onto their first shipir$i, they need to understand and be able to
use standard commands laut having to think about it:Conning a ship requires
autocratic leadership: crisp, sharp, clear, precise, and unambiguous tndéiswhy we
use standard commarid8arber, 2005). A&er that, the conn must understand the physical
characteristics of the sh{Barber, P05). They must understand how all of these different
forcesaffect each other and know how they affect the overall handling of the dtep. A
these tangible, measureable skills are attained, the conning officer must learn and master

skills that are more difficult to explain and are more difficult to measure.



a. Determining What is Happening

In order to make relevant and timely commands to the helm, the conning officer
must be able to see what is happenifigs can be difficult to do while handling a ship at
slow speeds, or alongside an oiler during an UNREP, or out to sea in the middle of the
night There are certain skills that must be deped in order for the conning officer to

become a capable shiphandler.

Q) Seamais eye

Seamats eye is a critical skill that is hard to train directly, yet it is a critical aspect
of any shiphandling evolutionSeamais eye consists of the learned skills of timing and
execution of planned maneuvers based on observation of all of the forces working on the
ship” (Barber, 2005). &Aonning officer can only hone it by practice and experieihdees
not consist of any one skill or observation, but the sum lboth@ conning officers
observation. Br example, if the conn is taking the ship pier side, it is critical for them to
know exactly what both the bow and stern are doing in relation to each other, in addition
to the overall speed and direction of the shigtddmining this is not easy, and requires the
conn to take many factors into accaurtst, they make look at the jackstaff on the bow
and watch the movement of it against a stationary object beyond to get an idea of what the
bow is doing. Tiey then mg do the sam aft, making sure the stern is mabving towards
the pier faster than the bowfter that they might look at a flag on the pier to see what the
wind is down, and then look straight down to the water from the bridge to determine when
the ship stops moving or makes sternwAl of these factors must be looked at by the

conning officer, and they must be able to determine what is happening immediately.

(2) Relative motion

Honing the seamas’ eye requires that the conning officer have a healthy
undestanding of relative motioThis is an absolutely critical skill and is another one that
takes practice to truly understand and appll @pplies to every aspect of handling a ship,
not just taking a ship piersidi is a major part of moboards, whigs a direct application

of relative motion One can learn the steps and complete the vector mathematics involved



in computing a moboard solution without truly understanding what the answer means, but

once the officer understands it, they will be a mucdhexcapable mariner.

b. Deciding Correct Ation (i.e., What You Want the Ship Tod)

Once the conning officer understands the situation, whether it is a contact in open
water or the final approach to the pier, they must decide on the correct aastrofiihe
time, this is where the CO or OOD will be working with the conn, but it is important that
the conn not merely parrot the GOor OODS orders They must understand what needs
to be done and know what to do about it in order to progress to higher responsibilities.

(2) Rules to follow

The first step in determining correct action in a situation is applying the written
rules These will give the conningfficer guidelines on what to do in most situations, and
can at least give the conn a good first stEgere written rules include the international
COLREGS or‘Rules of the Road” (United States Coast Guard, 2048)COs standing

orders, and any local rules or regulations.

(2)  Getin ‘front of the problerh

Another major part of deciding on correct action is deciding on that action as early
as possible. \Wen the conning officer first notices indications that a situation is developing,
such as the ship notoving as desired in close quarters, it is critical that the conning officer
use their skills to see this andet in front of the problerft This means that as soon as
they see something, they make a small order to correct €ariecting a situationagly
with a small, simple order is much more desirable than a massive correction at the last
minute to avoid collision.n order to do this, the conning officer must have an absolute
understanding of what tools are at their disposal.

C. Making it Happen

The ©onning officer needs to understand all of the forces acting on the ship in order
to maneuver the ship smartlyhdse forces can be broken down broadly into controllable

and uncontrollable forceControllable forces are those that the bridge personnel can
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control, such as the shg’engines, rudder, tugs, and lines. CAPT Barber breaks
controllable forces down further into directly controllable forces and indirectly controlled
forces, with indirectly controlled forces being those that can be controllednigtae
communication, those being tugs, lines, and the an¢Barder, 2005). dcontrollable

forces are those which bridge personnel cannot control, such as wind and Gtweestip

will move “in response to the vector sum of all of the forces exerted udamme of these

forces are under our control, some are. #otprerequisite to becoming a competent
shiphandler is to understand all of those forces, how they affect the ship, and how they
interact (Barber, 2005). @ce the conning officer understandioéthese forces, how they
interact, and how to use them, they must be able to quickly and succinctly issue the standard
commands required to move the ship as desired using all of the forces interacting with the

ship.

d. Verifying That Results Ae as Desired

Shiphandling requires constant attention and constant correcti@ne Bre so
many variables at play that once an order is given, the conning officer must continue to
watch and feel what is happening, both to verify that the previous action is having the
desired effect as well as determining what is required Bggn a perfect order will likely
need a correction or update shortlyheTconning officer must continue to use their
knowledge of the shig’characteristics, their seamseye, knowledge of laive motion,
and the controllable and uncontrollable forces to continually adjust and make corrections
and give orders to safely navigate the ship.

3. How Conning is Trained Now

The first step for a new SWO following commissioning is directly to the Basic
Division Officer Course (BDOC) in either San Diego, CA or Norfolk, Most attend
prior to reporting to their first ship, and the few who do not will begin BDOC within three
months of reporting aboardhik is where SWOS#rst start to learn the art and science of
shiphandling. Tiey receive lectures, showing them the basics and discussing standard
commands After that, they start working in the Conning Officer Virtual Environment
(COVE) simulator. hie students will wear head mounted display (HMD) and speak

5



standard commands into a microphone to control a ship in this high fidelity simulation.
They will have multiple COVE sessions throughout their two months at BDOC, and this is

the time where they get the mosets and regshandling a ship.

After BDOC, the junior SWOs report to their ships and take on the full duties of a
division officer. Shiphandling training will continue, but not nearly with the frequency as
it was at BDOC, especially if the ship is not oftemdeway, such as when it is in a
maintenance availabilityAll the junior SWOs on the ship are competing for conning time
during special evolutions, and often thera@y is notenough to go aroundV80s do not
have access to COVE simulators once they get $hip There is allotted time in the
Navigation, Seamanship, and Shiphandling Trainers(NSST), but those are designed for full
bridge teams instead of individual officers working on basic concépis leads to some

junior SWOs being left behind in terro$ shiphandling capability.

4. Current Difficulties

There have been multiple high profile collisions and groundings in recent years for
theU.S.Navy. All of these have been due to different circumstances and situations, but the
shiphandling expertise afi¢ COs ad/or the officers they qualified and their bridge teams
is of upmost importanceThese mishaps highlight this and remind mariners ttreg “

business of going to sea is, and always has been, subject to hazard” (Barber, 2005)

a. List of Incidents

In 2017, there were two high profile collisions with commerciasets, the USS
Fitzgerald (DDG62) and USS McCain (DD®G6), within two months of each other, result
in the deaths of 17 sailo(dlavy Office of Information, 2017)Both of these collisions
happened during routine operations with qualified officers on the bridtgtionally, in
2017, the USS Antietam (G&4) ran aground in Tokyo Baylavac, 2017and the USS
Lake Champlain (C&7) collided with a Japanese fishing vesgllavy Office of
Information, 2017) In 2013 the USS Guardian (MCB) ran agroundqUS Pacific Fleet
Public Affairs, 2013) leading to the loss ohé vesselln 2012 the USS Porter collided
with a merchant vessel in the Straits of HornluaGrone, 2012and in 2009, there was

thegrounding of the USS Port Royal (€@3) (Konrad, 2009)
6



b. Potential Causes

The COs and officers on the bridge are not completely to blame in all of these
incidents, but it is a disturbing trenBven if there was a malfunction in equipment or the
chart was wrong or it was the commercial vessels fault, our job as SWOs is the safe
navigation of the ship, and there can be no excidest of these collisions seemed to be
partially due to a lddng bridge team that either did nkhow what to do in extremis or
was notconfident enough to speak upther way this shows a lack of knowledge and
ability amongst junior SWOs, and this was shown in a separate 2018 study.

C. JO Shiphandling Study

In 2018 the Navy conducted a thne@nth review of junior SWOs shiphandling
abilities across seven different fleet concentration areas (FCAs) and found concerns with
85% of the officers tested.arter, 2018) The primary concerns found in this study, such
as a lack of uderstanding of radar, applying rules of the road, and taking the correct action
in extremis, were found to be major causes of the Fitzgerald and McCain collisacies,

2018). Athough the Navy is taking action to address these issues, such as igcradam
time in COVE from 2 to 11 hours at BDOC, these results show a general lack of

shiphandling ability across the fleet that will require additional efforts to correct.

5. Importance for JOs

Shiphandling has long been at the core of what surface warfare officers do and will
remain so for the foreseeable future.C cannot always rely on the harbor peot
judgement, especially overseas, and never knows when they will have to conduct a
complicated shiphandling evolution with limited assistance. Desjpgtattts expected that
COs will be able to safely handle their ships in almost all conditidns level of expertise
is not acquired overnight or through one good training program; instead, it is acquired
throughout a career of practicing and refinihg skills required to become an expert
shiphandlerThis starts on day one for a SWO, as the first two tours are when the officer
will get the vast majority of their time as the conning officer.



B. MOTIVATION

The importance of shiphandling and the current poor state of shiphandling in the
fleet motivated us to pursue this topic. According to Dreyfus and Dreyastage model
of expertise, experience under a wide range of scenarios and conditions is required to
improve between the stages to avatly reach expertis¢Dreyfus & Dreyfus, 1980). fle
fact that many evolutions are so rare and the large number of junior officers aboard most
ships means that most officers cannot perform many evolutions enough times to gain the
experience required to move to expse. The Navy attempts to address this by the use of
simulators to allow officers to get more experience at these evolutions, but current

simulators are large, costly, and require the use of an instructor or contractor to operate.

Computing power has aehed the point where useful shiphandling simulators can
run on systems that every officer has routine access to, such as desktop or even mobile
devices. Such systems would allow officers to practice a wide range of shiphandling
evolutions multiple timesln this thesis, we builand evaluatg the effectiveness of a
mobile shiphandling trainer designed to teach-&pged maneuvering and the forces that
act on a ship.

C. RESEARCH QUESTIONS

Shiphandlings a very complex task that has many variables that the conning officer
needs to understand and keep trackrobrder to organize our approach to this problem, |
focused on the following seven questiomkere are two main themes to these questions,
these being the aspects of shiphandling that can be adapted to a mobile device and could

access to training to these tasks on a mobile device increase shiphandling capability in the

user.
1. What aspects of shiphandling canamequately implemented on a mobile
device?
2. What training scenarios in addition to general shiphandling could be
implemented on a mobile device?
3. What visual aids would add value to the application?
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4. Can ready access tshiphandling trainer improve junior SWO

shiphandling knowledge and skills?

5. Given the technical limitations of current mobile devices, what

shiphandling tasks can be simulated to support shiphandling training?

6. Whatis the training effectiveness of using a mobile device for

shiphandling?
7. What design features will enhance effectiveness on a mobile device?

D. SCOPE

This thesis developed an application that can be used on a desktop computer, laptop,
tablet, or even phone that enables officers to practice shiphamdéingw-stress, lowcost
way. At the most basitevel, we assumedhat everyone has either access to a modern
mobile device, whether it was a tablet or smartph@neen that the computational power
and screen space are the limiting factofsa smartphonewe kept this in mind while
developingthis applicationand limited the scope of the trainer accordinglyis trainer
will enable officers to experiment with different orders to engines and rudders, in addition
to the effects external forces such as wind and current have on thé&ghafiowing
officers to practice with orders and visualibe effects of these orders, wan enhance

the value of more the expensive training time such as NSS training or underway.

E. APPROACH
1. Training Application

We envisioned liis application to b@ptimized for use on personal devices, in this
case an-8nch tablet The user would be able to control the port and starboard engines, the
rudder, and a single tug boat attached to the bow of thiessep A key aspect would be
thatthe forceseach of these exertexh the fip would be shown as vectarsreal time
The resultant movement vectors of the bow, stern, and overall ship would also be shown,

as these are a sum of all the forces acting on theRteivot point would also be depicted



so that users could see how it shifts in different conditions. Additionally, the user would be

able set wind and current and would be able to conduct different, built in scenarios.

2. Training Effectiveness Study

For the taining effectiveness study, it was decided to focus on junior 'SWO
attending BDOCThese officers are the ones that are learning basic shiphaadtingill
have little to no experience, so they are starting from scratich of time already devoted
to training shiphandlingat BDOC, and these officers have no otkellateral duties
Another added advantage to focusing on this group is that they are all starting at the same
level of experience for the most pebme of them might have spent a little time on their
ship before reporting to BDOC, but for the mostt ghiphandling at BDOC is their first
exposure to it.

Shiphandlingtraining at BDOC starts durinthe first few weeks with a lecture
From there they have COVE sessions for the remainder of BOG&e sessionstart
with open oceatransits and man overboaddlls to get the concepts down, ahédn shift
to pier work, with students practicing getting the ship underwaybainding the ship
pierside Theythenwork on contact management in congested areas, including pier work

at the end.

After each run,te instructor fills out a grade sheet on how that studenttdicis
decided to usdhesefor the studyas they are the only evaluation of the student
performanceln our experiment, half the students to use the application before performing
a simple CQVE scenario, and half did not. Their scores were analyzed lodking
difference in performance between the experimental grosfudentswho used the
application and the control group (those wtidl not). Every student in the experiment, as
well as several who used the applicatiere givera questionnaire which asked them to
share their impressions of the system

10



THESIS STRUCTURE
The remaining chapters of this thesis are taitlas follows:
1. Introduction— This chapter provides an introducttorthe problem and

research question that were looked at

2. Background — This chapter gives an overview of current training
approaches in shiphandling, a summary of mobile devices and their uses

as a partial task trainer, and an overview of the Unity game engine

3. Shiphandling Trainer Fhis chapter describes the application developed

in detail.

4, Training Effectiveness Study — This chapter discusses the approach of the

training effectiveness study and provides an analysis of the results.

5. Conclusions and Recommendations — This chapter offers conclusions
based on the results of the study, and provides recommendations for future

work.
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Il. BACKGROUND

A. PROBLEM SPACE
1. Learning Shiphandling as a Junior SWO

For some officers, effectively conning the ship comes naturlly for most, it
feels unnatural and difficult, even if they are comfortable with standard comnTdrays
have trouble visualizing the effects of all the forces aadimghe ship, especially in low
speed situations that require a high degree of preciStuere are many tools the Navy uses
to train officers inshiphandling, and has spent a lot of money on high fidelity simulators
This thesis looked at the development and potential benefit of a deWityfipartial task

trainer built for personal devices.

2. Existing Training Summary

The obvious answer to this is for these officers to practice more and the Navy
provides excellent systems to assist with.thilee COVE system is a benefictabl used
at BDOC and Surface Warfare Officers School (SWOS), but those are the only times
officers will use this systen\fter they leave training they will noisethe system again
until they are back for Advanced Division Officer Cou(8®OC) or Department Head
School This is not adequate for junior officers who are expected to conn theTslaip.
follow-up training to this is conducted at the NSS trainers located in all of the FOdse
are useful but in todays environment they are notfiefent. Ships are only required to
complete60 hours of special evolutions training per year, and have the option of using up
to 20 additional hourfCOMNAVSURFPAC and COMNAVSURFLANT, 2018)n my
experienceships will only be concerned with meeting the minimiumme requirementas
there seems to always be something more important, whether that be the next inspection or
more administrative work for the junior officeta addition to this, thosdSST hours are
for the entire ship, and ships have more gmsithanthe NSSTscan provide simulated
conning time for This means even less training time for these offiCEnge. same issues

exist for practicing conning the ship at s@perational requirements always come first

13



and keeping a ship at sea is expessthis means the amount of time that most ensigns

will have actually learning how to drive the ship is extremely limited.

3. Allow Experiment and Fall

Additionally, one of the key parts of effective learning is the ability to experiment
and fail. However, failurat sea would likely result in the relief of the commanding officer,
so CO5s are extremely hesitant to actually let junior officers conn in restricted waters.
Instead, the conningfficers are really just standing near their GQGand repeating their
orders. The junior officers have little time to try to think how they would solve the current
situation before the CO has given an order, one oftentineesonning officer does not
understand the rationale fauring these evolutions, there is no tinoe the CO to give a

rationale for their order, and specific orders raely debriefed and explained afterwards.

B. CURRENT SURFACE FORCE SHIPHANDLING TRAINING
TECHNOLOGIES AND METHODS

1. Navigation, Seamanship, and Shiphandlingrainers (NSST)

The NSStrainer is a high fidelity, full mission bridge simulator located |laef
concentratiora (FCAs). The NSSTS use thePolaris V2 by Kongsberd:he high fidelity
models“provide maneuvering characteristics virtually identical to real world operations,
augrented by high fidelity radar and navigation instrume(@OMNAVSURFPAC and
COMNAVSURFLANT, 2018) Environmental conditions are also completely

customizable, allowing any desired scenario to be trained to.

The NSS trainer is utilized by ships as a whole, not individual officers
COMNAVSURFPACCOMNAVSURFLANT instruction 3505.1B establishes the
requirements for NSST for the entire fleBbere are two primary, required NSST courses.
The first is the Bridge Resource Managem@&RM) courseThis is a 46hourcourse that
is required once per the C&Xour. Three bridge watch teams consisting of at least the
officer of the decKOOD),junior officer of thedeck(JOOD),conningofficer(CONN), and
combatinformationcenterwatchofficer (CICWO) are sent to NSSfbr a week with the

CO required to be there for the entirety of the course.
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The BRM course does not focus on shiphandling, but instead the overall
management of the watch team while conducting a shipharstiergarioMultiple briefs
are conducted throughout the week, looking at topics such as situational awareness, error
chains, decision making, leadership, anlés of the road(Bridge resource management
course, n.d.) The watckeamwill also look at multiple case studies, as well as plan and

execué a scenario in the simulator later in the week.

Specialevolutionstraining (SET) is the other NSST course, and 60 hours of SET
is required for each ship annually, with an optional additional 20 hours
(COMNAVSURFPAC and COMNAVSURFLANT, 2018) E lets tke CO decide which
scenarios they would like their watch teams to work on, this can range from home port
transits to specific scenarios like towing or conducting an underway replenishment
(UNREP) The Basic Shiphandling Cour@@SH) is contained within alttated SET time
It is tailored for novices and works through the basics of shiphanttilogghout the
course of the weeK here are 10 hours of instruction and 30 hours of shiphanidlitige
simulator, and the class size is capped at six students to ensure sufficient time in the
simulator (Basic shiphandling course, n.d.)The 10 shiphandlingessons are an
Introduction, Forces on the Ship, Standard Commands, Getting Underway, Making a
landing, Rules of the Road, Underway Replenishment, Man Overboadficala
Maneuvering, and Anchorin@SH concludes with a test of four scenarios assessed by an

instructor (Basic shimandling course, n.d.)

The NSS trainer is an excellent tool for COs to get their watch teams experience
and time practicing in high fidé&y simulations The BSH course in particular is an
excellent tool, providing expert instruction simphandlingand letting the students practice

immediately afterwards.

The NSS trainer is not without its shortfalls thoughis is due to the naturedh
timing in which junior officers report to their ships, and the allocation of annual training
hours to each shiecause the BSH course is a part of SET hours, it limits how much time
a CO can use these SET hours for more complicated scerRealsstically a ship will

conduct one BSH course a year, as it uses 40e060 SET hoursSince BSH can only
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support 6 officers at a time, it can be easy for junior SWOS to never have the opportunity

to attend the course.

Another disadvantage of NSST is ttwdficers cannot return at will to practice
Some may need more time to practice simple concepts, andenkft behind because
they do nothave the chance to use the skills learned mdmneindividual SWO, even if
they attend every session a ship isalted, does not get enough conniimge in the

simulator.

2. Conning Officer Virtual Environment (COVE)

COVE is the second of the TYCOM approved shiphandéimgulators It is also
high fidelity, with characteristics that ateirtually identical to real world scenariost
also has highly controllable environmental, allowing for any conceivable scenario to be
practiced COVE can support both individual and group training, either with a headset or
in a full mission bridgeAnother significant feature is that it is voice activated, allowing

for officers to practice standard commands in a realistic manner.

COVEIs the primary simulator used by SWOS in NewpRttas well as at BDOC
in San DiegoCA, and Norfolk,VA, with afull mission bridge simulatdocatedat SWOS
in Newport Rl. Most SWOs now are first introduced to handling a ship at BDOC, where
instructors start from ground zero to build a foundation for these junior SWisstarts
with a brief, where the basic ideas are explained and drawn on the lvdard. They
explain the differences in controllable and uncontrollable forces, and show how these
forces affect the shig\fter this, students are put into COVE for the first time, where they
are put in basic scenarios to practice standard commands and get a feel for the ship and
how everything works in COVHE-rom there they work through increasingly difficult

scenarios throughout the two months at BDOC.

COVE s also used for all of the advanced courses at SWOS in Newpoitom
ADOC and DH school to the prospectiveDXO course At SWOS, in addition to the
voice controlled headsets, they also use the full mission bridge for more advanced, team
based scenario€OVE is an excellent training tool, and at BD@dnvaluable in initial

training for junior SWOsWhile once they get to the fleet shiphandling is a team effort, at
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BDOC itisthe focal point and the student is the only one in control during a COVE session
forces them to learn, and makes it more agpaif someone is not where they need to be
Being voice controlled, it allows these junior SWOs to practice and become competent in

standard commands before they ever set foot on a ship.

It does have some disadvantages tholrist, a SWOs exposure to GVE is
limited to specific training courseghese courses are spread throughout their careers, and
almost always serve as either an initial introduction to shiphanalliasa refresheBeing
high fidelity, COVE is a very complicated system and requresinstructor per station to
run it At BDOC, there are three students assigned to each COVE station with one
instructor.While one student is in the simulator conducting the scenario, the other two
students are watchirige first conn the shifhis is ‘dead time where the students are not
necessarily engaged, even though it counts as time in C&Wé&ents only get out what
they put in at those time$his is just the nature of a complicated, high fidelity simulator

and that there will never be a 1-+lident instructor ratio.

3. Underway

The traditional method of training junior SWOs shiphandlsgrain them while
underwayBefore the advent of BDOC, newly commissioned SWOs would report straight
to their ships, without any sort of training pipelifhis puts officers commissioned
throughreserve officer training corpROTC), Seaman to Admira21 program (STA21),
and officer candidate schoolOCS at a significant disadvantage compared to officers
commissioned through USNAwho tend to have more exposure to the basics of
shiphandling, standard commands, and standing watch on the.#&ltbaval Academy
graduates will have had some exposure to yard patrol(¥faf), training vessels used to
teach midshipman the basicssbiiphandlingTime on the YPs are a good introduction to
shiphandlingand an excellent introduction to using standard commands, which tend to
have a steep learning cun®VOs from USNAand ROTCwill also have completed at
least one summer cruise aboandeaal vessel, where they will have had a fair amount of
exposure to shiphandlirgnd bridge watchROTC and OCS graduates do not have the
same opportunities as their USNA brethren, and were at a disadvantage before BDOC.
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Shiphandlingtraining underway wh the CO or a DH usually consists of the CO
taking out hsher penor penciland explaining all of the controllable and uncontrollable
forces and moving the pen around to try and show how you would maneuver the ship in
different ways, such as a port dardoard twistThe frst time the SWO takes the conn
will almost always be in open ocean when the CO has time and space to allow the junior
SWOs to practiceOne way they do this by conducting man overboard skills, a critical
ability for any SWO and an excellent introduction to the finer points of handling a ship at
low speedsThis is an easy, safe way for &0 introduce and junior SWOs to practice
low speed shiphandling, the same skills required for going pier side and getting underway.

The advantge of this method is that while it is a steep learning curve, if there is
time in the shifs schedule it is an excellent way to train a SWO, and it will never go away
or lose viability Actually driving the ship out at sea and seeing how everything fits together
is invaluable The biggest issue is time and money, keeping a ship at sea is expensive.
There are also a lot of officers that need time to practice shiphandling, and only so much
time can be devoted to this while at s&adly, there are usually grter priorities, whether
it be the next big inspection or the daily, 2dlties of a division officeRealistically any
given officer cannot be given the amount of time required to really practice and hone their

craft.

C. MOBILE GAMES
1. Definition

Defininga mobile game comes down to defining what kind of device that particular
game was developed fdvlayra(2015)noted that one could consider games developed for
handheld devices and laptops to be mobile gaHesalso pointed out that games
developed for handheld devices tend to be more closely reldtieel ¥aleo game console
market Games developed for personal computensld be categorized similarly, as lot of
those games are developed for both consoles and personal computers simultameously.

this thesis, we expand Maymdefinition to include tablets as mobile games.
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a. What Makes a Game kbile?

A mobile game is a game developed specifically for a mobile phone or Tdidst
games are designed to be casual, meaning they are usually either free or very cheap, and
very simple This is a function of both the capabilities of these mobile devices and the
people using these devic&ereen space and memory are at a premium, and they do not
allow for high end graphics aomplicated Us: “Based on earlier, trusted gameplay
formulas, such casual games make efficient use of both touch screen interface and the
audiovisual strengths of smartphonpsocessor and memory capabiliti€Mayra, 2015)

In mobile games, the user input is almost exclusively done using the touch screen.
This is very different from the other gaming markets, where the user interacts with the
game using some type of controller or a mouse and keybBasdrestrictecenvironment
keeps mobile games casual because small ssiamandlimited controls severely restricts
how complicated developers can make a ganguré 1 shows a shipment forecast by
screen size out to the year 2021, and it is apparent that phones will most likely not be

getting much bigger.
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Figure 1. Worldwide Smartphone Shignt Forecast by Screen Size.
Source:Shirer, Reith, Scarsella, and Chau (2017).

b. Audience and Popularity
(2) Number of Users

Mobile devices are becoming an increasingly important part of American society
Smartphone and tablets ownership have both been imogesteadily A Pew Research
center survey has found that smartphone ownership in America has increasedtrom 35
May of 2011 to 7% in January of 2018 as shownRigure 2 Tablets have also enjoyed a
massive gain in ownership, increasing from just@mericars owning one in May of
2010 to 53%in January of 2018, also shownkigure 3.These ownership numbers also
vary by age, with 94% of people from age8—29 owning a smartphone, to just 46% of
people aged 65+ owning ofltew Research Ceni&t018)
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(2) Popularity of Mobile Games

With the rising ownership and popularity of both mobile phones and mobile
devices, mobile games have become incredibly popular and lucrative for game developers
According to statista.com, as of 2017 there are over 100 million people that play mobile
games on either thesmartphone or tablé6tatista, n.d.). flis explosion of mobile game
popularity is due to a number of factors, with the different app stores, better quality games,

faster cellular networks, and more powerfubite devices all contributingMayra, 2015)

3) Mobile Game Market

The market for mobile games, which includes both smartphones and tablets, is now
51% of the$137.9 billion global gaming market according to the video game analytics

company Newzog¢Wijman, 2018) Every smartphone can act agaming patform, and
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this in combination with the proliferation of smartphones worldwide has led to the boom
of the mobile game markeAs smartphones continue to increase in quality and number,

the mobile game market will continue to grow as well.

What all of this illustrates is that mobile devices and mobile games are mainstream,
and are no longer just used by early adapt€h® vast majority of American own
smartphones now, especially younger Americans, and a great deal of these users play and

spend money omobile games.

D. MOBILE DEVICES FOR TRAINING
1. Partial Task Trainer

There are many components to shiphandlmgking it an extremely complex
endeavomwhich takes a significant amount of time to masiérere arehowever a few
key concepts that are critidalr junior officers to understand in order for them to become
capable marinerdJnderstanding how controllable and uncontrollable forces affect the
bow, stern, and overall motion of the ship is critid@d&le directly controllable forces being
the enginesand rudder, indirectly controllable forces being mooring lines, anchors, and
tugs (Barber, 2005)Finally, the uncontrollable forces that ship drivers must take into
account are wind and curreitll of these different forces interact with the ship, ara th

junior officer must take all into account when they have the conn.

A partial task trainer focus on a very specific part of a task and trains that in a
vacuum It allows a complex task to be broken down into discrete parts so that the trainee
can focus omne aspect of an overall tagkobile devices are perfect for this, since a partial
task trainer is by nature less complicated than the actualltaiskneans that a partial task
trainer can be and should be lower fidelity than a full simulation, allowing us to take
advantage of the prevalence of mobile devices

2. Limitations

There are a few limitations to using mobile devices as partial task trainers that need
to be mentionedScreen size, computing power, and how these two impact the fidelity of

thetrainer are major limitationsThe average screen size for a smadnghis between 5
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and 5.6 incheand tablets range from 5 inches to over 10 in¢Best, 2015)This is not
a lot of space for both the visual part of the trainer as well as the input coasrol®st

phones and tablets do nete external input devices.

Another limiting factor is computing power,digh this is less impactful than
screen spacéhis also becomes less of a concern each passing year, as computing power
gets cheaper and sn&l] allowing mobile devices to be able to handle more graphics
intensive softwareAn article published bWIRED in 2015 talked about how in less than
two years, some people will only use smartphones for their compititizwgks to increased
processing powebetter battery life, vastly improved networking speeds, and larger screen
sizes on mobile devices, the shift away from the desktop is accelér@imgnington,

2015)

The biggest limiting factor ends up being screen spaceouse and a keyboard or
afull size simulator allows limitless user inputs, but when limited to a small mobile screen,
user inputdecome limited to only a few his is critical when looking at mobile devices

for partial task trainers, because it forces you to scale down thayfioiethe simulation.

E. PAST WORK
1. Mobile Interactive Training: Tablets, Readers, and Phone

A paper written for the Intersenag¢ndustry Training, Simulation, and Education
Conferencgl/ITSEC) in 2011 by Jo McDonald, Eric Foster, Joyce Diverad David
Donelly looked at using mobile devices to field interactive Navy Resident Traimg
CoursegNRTCs)(MacDonald, Foster, Divina, & Donnely, 201NTRCS are seifaught
navy courses for enlisted personnel, and began utilizenget lll-interactive PDFs with
usercontrolled animations, audio, videos, 3D images, and graded assessments with bi
directioral remediatioh (MacDonald, Foster, Divina, & Donnely, 201The paper looked
to utilize mobile devices for these levelihteractive PDFs foyoung enlisted personal to

conduct these courses on their mobile devices.

There were two primary motivations for the authors, first the fact teatriing is
significantly increased when training is presented via -defigned multimedia

(MacDonald, Fster, Divina, & Donnely, 20115econdly,”most young people, including
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the Soldiers, Sailors, Airmen, and Marines of todayilitary, use hantteld devices such
as smartphones and tablets amaily basis” (MacDonald, Foster, Divina, & Donnely,
2011).The authors wanted to take advantage of the fact that ogayhg people use their
mobile devices for nearly everythinghe applications resident on them and available from
them via the Internet—are always present, always accés@deDonald, Foster, Divina,

& Donnely, 2011)

The authors found many benefits to using mobile devices for this trakiisg.it
benefits the user, because they are able to do the training when and where they would like,
and“they will havereadyaccess to jush-time traning to refresh their sks on the job”
(MacDonald, Foster, Divina, & Donnely, 201There is also cost benefit, after the initial
development the cost goes to zewhich of course beni$ the training organization
(MacDonald, Foster, Divina, & Donngl2011). hey also discussed the actual training
benefits, namelyIt brings the training source to trainees for use when they want it and
when they need it, leveraging the capabilities and ubiquity of mobile technology to provide

totally seltdirected larning (MacDonald, Foster, Divina, & Donnely, 2011)

This paper applies directly to this thesis, as wel@king to leverage the same
advantages of mobile devices as the authiifsle the authors looked at using mobile
devices for learning material, we al@oking at them for learning concepts and specific
real world tasksThe advantages remain the same in both situations however, as allowing
junior officers to practice shiphandliran their own time with their own device as much

as they want wouldugment current training practices

2. A Tablet Based Virtual Environment for Neurosurgery Training

A TabletBased Virtual Environment for Neurosurgery Training looked at using a
tabletbased application to supplement training for a ventriculostomy procetoee
researchers in this case developed an application called VCath for use on a 3rd generation
iPad to be used before conducting the procedure on a Rowena headJobdett al.,

2015) VCath is a low fidelity simulation that the researchers testedramang tool(John
et al., 2015)
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The researchers found that the VCath app had a positive effect on performance
(John et al.2015) “The VCath app is successful as it is focused on the cognitive task of
ventriculostomy, encouraging the trainee to eebe the entry point and use anatomical
landmarks to cr@te a trajectory to the targgtiohn et al., 2015)This directly relates to

this thesis, and shows that low fidelity trainer can improve performance of a task.

F. UNITY
1. Overview

Unity is a game enginand editor that is used to by both industry and individual
developers to create video gamémcludes a very capable editor that includes a multitude
of tools that €nable rapid editing and itei@a in your development cyclegUnity 2018,
2018) Unity includes a physics engine, a user interface system, 2D and 3D, stnoing
suite of developer tools for implementing game logic and high performance gaineplay
(Unity 2018, 2018)

2. Capabilities

Unity has a vast array of capabilities that makes it appgédir a project like this,
especially for a single student working to bring a training applicatiotréaréng audience
Between the editor, 2BD functionality, User interfaces, play mode, and more, Usity’

capabilities make it ideal for rapidly developing a prototype.

First, the buikin physics engine is a critical capabilityhis physics engine
provides the different functions and abilities to make an object behave realistically
according to physicgetting the user worry about how to apply these forces and physics to
make the objects behave the way they want thenumity has two separate physics
engines, one for 3D environments and one for 2D environméngy are separate but
have similar compamts, making it easy to for the user work in the other mode if they are
comfortable in onéUnity 2018, 2018)

Unity also includes an intuitive user interface system for building a functional Ul
for a gameThe Ul system has many features that allow rapidotyping, making is easy

to add menus to an existing game, and building a control interface on top of the game itself

26



for the user to interact with the ganfée Unity editors playmode is another capability

that allows rapid testing he play mode lstthe developéiplay’ the game whenever they
want while developing, without having to compile or build anythily.of the editots
windows will remain open as well, letting the developer see values and attributes that

would normally be hidden, allowing for rapid troubleshooting in real.time

3. Why We Used Unity

Wedecided to use Unity for this application for all of the reasons listed abieste. F

Unity is very user friendly, and there is a plethora of tutorials on the weblséee are 23
different topics with 722 different tutorials amongst these topiogty also provides 14
free, full projectsEach of these projects includes the final product, as well as all required
assets to follow along with the tutorial videdbese tutorial projects are eegt way to get
started with Unity, and will also show more advanced topics in a guided, controlled
manner The Unity tutorials won the2018 Developer Choice awardsr fTutorials and
How-To Videos (Unity 2018, 2018)

Another factor was how user friendnity is, and the array of supporting resources
with the ability to rapidly test an application with play modhkis allowed me to take a
prototype, and with minimum experience in Unity build on the prototype to add features
and refine the applicatior full build or compile is notequired to use the software while
developing, so it allows rapid testing and troubleshoofirds allowed us to quickly

develop a prototype, refine it, and test it on the target platform with the target audience.

Unity supports 27 different platforms, the most of any game development software
It is very simple to use, and with one click you can build the application for any of these
platforms When building a game for a mobile device, Unity is optimized to utilize a mobil
devicés touch screen with no extra woBnce ready for testing on a mobile device, all

that is required is to build the application for the dexa@merating system and press play.
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Ill.  SHIP HANDLING TRAINE R

A. INTRODUCTION

The ShiphandlingTrainer was built as an applicatidapp) for use on a mobile,
touchscreen devic@he focus of the app is on the shvpich is alwaysn the middle of
the screen, and the primaview is looking at the top of the shiphe ships screws are
visible and spin at different speeds based upon the ordered bell, and the rudders are also
visible and reflect their ordered positidrhe Ul allows the user tolly controlengine and
ruddes and the ship will react to these controlhere are otheitems which impart
information not normallyand will show the resultant pivot point and vectors on the bow,

stern, and the ship overall

1. General Approach

As discussed earlier, there are multiple forces acting on a ship at any time. The
forces the shifs crew can control are consist of the effects of engines, rudders, tugs,
anchors, lines, thrusters, replenishment.ridge uncontrollable forces are wind, current,
and the Bernoulli effect when operating alongside another vésgate 4 shows all these
forces acting on a ship
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Figure 4. Forces Enacted on théif. SourceBarber (2005).

For this app, wavanted to provide a trainer that allowed riéade manipulation
and visualization of mostf these forcesa/Ve ignored the Bernoulli effect and tension from
areplenishment rig because conducting replenishment operations was beyond the scope of
the thesis We also omitted the anchors and lines because their complexity is more
advanced training than we wanted to provide the subjects as well as adding them would

have made the interface much more difficult for the user to operate.

We used Figure 4 @he model for this app, as it is simple and shows the way of
thinking that wewanted to train toThe simplicity of this figure also meant that by using it
as a modelye could build a simple 2D application that trains users in using these forces

in the correct way by showing them the actual vectors

2. Prototype

The MOVES programming team at NPS ceekd prototype for this trainer that
could be usa to build up and eventually testhey built a mobile application using the
Unity game engine that would be a top down view to include a basic ship, engine and
rudder controls, and visual vect@lowingthe effects of the engineand rudder,and

vectors showing the movemeot the bow, stern, and overadhip’s movement vector
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They also were to add the ability for the user to control the wind and curheninitial

prototype is shown in Figure 5.

Figure 5. App — MOVES Prototype

The MOVES team built the architecture to be easy to understand and easy to
upgrade and add changésis prototype is built irJnity’s 3D mode even though it is a
top down, 2D viewThis was to make it look as though the stpp@s out of the screen a
little bit and to be more aesthetically pleasiifige overall physics is the same for both
Unity 3D and 2D The arrows for the force vectors are built on the Ul canvas, meaning
they are not objects in thscene.” This allows easy manipulation and treats them as an

overlay to the actual objects in the game

3. My Efforts

| expan@dthe prototype tourn it into a valuable training ai@here were multiple
things that | focused on to make this hapgérst, | wanted to be sure that feft” like a
shipby addingdelay and inerti#o the physical modeas tle feel is important when driving
a ship | also wanted to expand the Ul to give it more functionality without crowitieg
screen too much, as | whsited on screen spacdaving a goal is important in any game
or training scenario, so | worked in diféet pier landing scenarios to provide context and
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something for the user to try and accomplish. Giving the user a goal, as there was value in
just the ship but ivanted to focus on pier work, soMorked in different pier landing
scenarios, shown iRigure6. Finally, there were two important features that | wanted to
add to increase the training vali@sed upon feedback after early demonstrateesnple

tug boat and a representation of the moving pivot pshdwn inFigure 7.

EEEQEEE.

Figure 6. App — Pier

Figure 7. App — Final Version
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B. SYSTEM ARCHITECTURE

The overall architecte of the app focus around fotlings the ship,the user
controls, the forces dang on this ship, and the UThe ship is a physical object in the
environment with forceactingupon it by the useusing the Ul The Ul has a secondary
purpose in that it displays the resultant vectors on the ship, as well as the pivot point
Everything else supports these aspects separately within the scene, these being the

background plane and the physical objeptsr( obstacles).

1. Ship

The ship user control for this application is a simple 3D object that is a generic
shape of a shig hullshown inFigure 8.There is no superstructure to it, and it purposefully
does notesemble any real world ship in particul@nere is simple artwork to add appeal,
and representations of the rudders and propeBeth the rudders and the propellers will

move as commands are given to the ship, and that is done with simple animations

Figure 8. App — Ship
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There is a game object calleghig’ in the scene that contains all of the sub objects
that are a part of the ship, including the main camera, animated propellers, rudder, the ship
hull (the actual 3D object), force reference positions, the ship Ul, and finally thEhig.
main camea is attached to the ship like this so that it will automatically maintain its
position relative to the ship, in this case directly above it looking down at it.

Both the rudders and props are separate from the ship hull because they have
separate animat scripts associated with them, with these scripts they alscstidptable
objects associated with their spinning rgbeops) and anglérudders) The scriptable
objects make it easy to access these values and set them in using scripts throughout the

program.

The animated props and rudder are not exact representations of a real ship, and
therefore should not be used to demonstrate exactly how either will react with say. a DDG
For example, the propellers on the model turn outboard just as they do da&,sbDidhey
scale exactly with how much speed is ordefidtht is not how it works in real &fwith a
CPP system, where the props will turn at the same rate with only the pitch on the propeller
changing until about 7 knat¥he same is true of the ruddetisey scale exactly to how
much is ordered, and it is nsthown realisticallyThey are both general representations to

help new SWOs understand the concept of what both the props and rudders are doing.

The ship hull is the actual 3D object the user @dstlt is a simple model with an
imported texturelt also has a box collider attached ta'tis defines where other colliders
within the scene will hit the shipgn this case a box collider was used for performance

reasons.

The reference positiongefine the specific locations on the ship where the forces
are applied, and this is what allows us to simulate how a ship in the real world behaves
These positions are also used to calculate the direction and magnitude of the movement
vectors for both the bow and steintotal there are seven of these reference positions, two
being the movement vectors for the bow and stern, four being the thrust positions for the
port engine, starboard engine, rudder thrust, and water thrust, and finally a position where

the tug thrusts applied.
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The ship Ul is where all of the visuals attached to the ship r&3ése include the
vectors for the engines and rudder (yellow arrows), the resultant vectors on the bow, stern,
and overallred), the wind and current vectgldue), the compass rose, and the pivot point
(white circle), all of which can be seenkigure 9.All of the vectors have an associated
scriptable object with a magnitude, and are drawn using a 2D line

Figure 9. App — All Vectors $own

The pivot point is represented by a Ul slider that runs the length of the ship object
with the backgroundbfar’ alpha set to 0, making it invisiblé& is an approximation on
how the pivot point moves as different orders are givée. position of it is bsed on the
current orders to the engines, and whether the ship is moving forward or backwards, or is
conducting a twistThe approximation wasased upon text from (Barber, 20@8)well as
the diagram in Figure 10t is not meant to be exact, but to giveers ageneralidea on
how the pivot point moves as different orders are given to the engines
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Figure 10. The Moving Pivot Bint. SourceBarber (2005).

2. Forces

Forces are appliedo the ship utilizng Unity’s physics engine in the Ship
Simulation scriptAll of the scriptable objects are passed to the script via the Unity editor,
as well as the reference positiofiis is also where control values for engine power,

rudder power, tug power, wind and current can all be adjusted to alter how the ship.handles
Figure 11 shows the values used for all of these variables.
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Figure 11. App — Ship Values

The force values used were based on trial and error, and these values provided a
reasonabléfeel’ for the ship, while still keeping everything moving fast enough for a
mobile gane It would be easy to adjust these values to make the ship handle like a specific
platform, or to make this generic ship respond more realistically with a weighti€Flieel.
code in the background merely applies these forces in Griikgd update furteon, which
is called every fixed frame instead of every frame like update and is recommended by Unity

for applying physics to a rigidbod§unity 2018, 2018)

To apply the force, use rigidbody.ApplyForceAtPositiofvector3 force,
vector3 position) This allows us to control exactly where the force is applied on the
rigidbody, in this case the ship, which direction relative to the ship it is applied, and much
force should be appliedll of these values are scriptable objects passed to the script via
the above figure Using the ApplyForceAtPosition function and defining those specific
positions ourselves is what gives us realistic movement for the ship using the rudder,

engines and tugs
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3. ul

The MOVES programmers productt basic Ul as wellThe general setup was
sliders for the port and starboard engine control on the left and right sides of the screen,
and a slider at the bottom of the screen for the rud@eh of these sliders had a button in
the middle to set the respective value 13 Berewere also four buttons at the top, from

left to right, wind, current, reset, and engine coupling toggle.

While these sliders made it easy to control the engines and rudder, it was hard to
match opposite orders for the enginésilso was unrealistic toontinually change engine
or rudder values instantaneously like tHaadded in buttons to the sides of the engine
sliders for 13, 2/3, standard, and fullhis enables the user to be able to quickly put on a
twist and have no forward or backward mment, critical for maneuvering a ship pier
side. It also allows the user to be able make quick, easily repeatable orders, and then use
the slider to fine tune the order after the ship starts responding to the initial buttol\press
typical combination of orders, &3 1/3 twist with the tug pushing ahead is shown in

Figure 12

Figure 12. App — 18 1/3 Twist
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When the wind or current button is pressed, a compass appdaaesscreewhich
is shown inFigure 13.For wind, you click on the direction you want thend to come
from, and for current, you click on the direction you want the current to go to, which
corresponds to how each of those is normally described in nautical paflbhragser can
pick any direction they want for both wind and current, and cakenboth active at the
same time if they wistAs of right now there is no ability to change the speed of the wind

or currentduring a scenario

Figure 13. App —Wind/Current Compass

The reset button would reset the simulation whenever pressed in the proitotype
repurposed it to be a main menu butthiow when pressed, it will reset all values and
return the user to the main menu that they see when they first start the pidgudinthis
menu to facilitate multiple scenarios within the appe user can easijymp to different
scenarios whenever they wish using the reset butitore detail will be provided

regarding the different scenarios present in the app.

Although not technically anifiterface” there are also grid lines laid out across the

entire background. &ause the ship length might cover some of the Ul elements as it
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rotated, | kept the ship always pointing towards the top of the screkelitiohally, the
camera always remains over the center of the shiprder to give the user a sense of the
ship’s motion when turning or moving, we added these grid lines to give the user a sense

of the ships motion.

C. PROGRAMMING AND DEVE LOPMENT ENVIRONMENT

We utilized theUnity game engine and editor to develop this dpye app was built
in 3D mode and no outke assets were usellll programming for the app was done in the
programming language C# using Microssf¥isual StudioFinally, the tug was built using

the free, open source 3D modeling software Blender

D. TRAINING APPROACH AND SCENARIOS

The general idea was to give users simple scenarios to complete to allow them to
practice different shiphandling concepts as well as have a goal that mirrors what they would
be trying to accomplish in COVE or even in realitpch scenario was designed to be able
to be completed in a few minutes for an adept shiphandler, or longer for a user that requires

more practice.

1. Scenes in Unity

A scene in Unity allows you to build an instance of yogarhé using all of the
code and mods in your project This allows you to create different instances or levels
within the gamelt also makes it extremely easy to build menus and link the buttons on the
menus to different scenes within the gaingsed this functionality to createain menuat
startup, which contains buttons that link to each scenario within the applisatam in
Figure 14. Te user can exit any scenario at any time to try a different one or restart the

scenario they were working on.
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Figure 14. App — Main Menu

2. Scenarios

There are three different scenarios in the applica#dinof them except té first
have the same basic goland the ship on the piefll of the scenarios have the same Ul,
and all can be restarted at any timkee Ecenarios increase in difficulty from togbtattom,
the first scenario being the easiest and the last scenario being the most.difficult

a. Free Play

The first scenario is essentially set in the open oskawn inFigure 15. here are
no obstacles in the scene, the only object is thesuskip There is also no tug, so the user
only controls the shipt is meanta allow uses to familiarize themselves with the Ul and
the handling of the ship without the tudhéfre is no goal for the user in this scenario other
than to get comfortable with the ajmaltion and practice different engine and rudder

combinations to observe the results
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Figure 15. App — Free Play Scenario

b. Restricted Pier

The next scenario is a restricted pier, and it consists of a gray pier, and two red
squareshown inFigure 16. e goal of this scenario to land the ship on the pier between
the two red squares without hitting thefie red squares are meant to be generic and to
simulate some sort of obstacle, whether it be other ships on the pier, some sort of
obstruction, or just a small pieThe pier is located up and to the right of the ssehip,
and the user is to try and go starboard side mottRer major difference between this scene
and the previous scene is the addition of the tug on the porflinis\scenario is designed
to be ompleted in a few minutes, but the user can take as long as they wish to try different
ideas and approaches.
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Figure 16. App — Restricted Pier

C. Turn in Pier

The final scenario is similar to the restricted pier, as the user must make a landing
in between the two resuares, but now they must turn left into a slip fiféte turn into
the slip is shown ifrigure 17. This scenario is meant to take longer than the previous two
and is the most difficult, as the slip is narrow and the user must time their turn indetit to
themselves up for the landingvéh though this is the most difficult, it can still be done in

a few minutes with a skilled user
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Figure 17. App — Turn in Pier

3. Play for a Few Minutes

All of these scenarios support the same idea, that they shoutdkeotorg to
complete Instead of having a scenario that takes thirty minutes or more to complete, as the
case is in COVE, they can be done in as little as a few minutgising is hidden, all of
the resultant vectors are shown as well as the pivot point, so the user can see how the ship
will react instantly This in addition to scenarios being short allows the user to get multiple
tries in the game in the same time it takes to do one run in a full scenario, which will help
achieve the idea of a partial task teithat focuses on the visualization of the forces on

the ship and how it reacts

E. USABILITY OF THE INTERFACE

The most important part of this application was the usability of the intefface
application is meant to be used on a SV#@s time, separate from actual training time
This means that it has to be easy to use, capture their attention, and retain theirAmerest
overly complicated Ul that takes reading a manual willdwothis, and they will not use it

or continue to use it if it this is the ca€in the other end of the spectrum, an overly simple
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app wont retain their interest or add training vald@is means that the application had to

be easy to learn, easy to use, interesting, and simple but challenging.

1. Screen Space

Screen space ended up being the biggest factor in deciding what tasks could be
trained and what features could be added to support these Tagkebjective of the
application was to show resultant forces from different combinations of ofitéssalong
with screen space, required us to keep the app at low fidksityou increase features and
training tasks, especially for something as complicated as shiphandling, the controls
required and the amount of visual feedback needed goes up very giakiywith the
simple controls implemented in this app, the screen started to get full very quickly, so the
buttons needed to be kept sm&llerything ended up being a balance in order to make the
app train the tasks required but still have the control necessary to make the trainer useful.

Five years ago, computing power may have been another major constraint
might have been forced to stick to 2D and adopm view in order to minimize required
computing power to run smoothly on a mobile devildet is rapidly starting to not be the
case, as mobile devices have become increasingly capae énhgines like Unity also
do a lot of optimization, and make it easy to put together a 3D simulataomy yames in
the mobile marketplace are 3D now, and tmagbile devices can handle them without any

issues.

2. What is Important?

When designing and implementing a partial task trainer for use on mobile devices,
there are a few important factors to keep in mivith a full size simulator, you need not
worry about issues like screen space or usputi for control With COVE for example,
the HMD gives you virtually unlimited screen space for visual feedback on what is going
on, and you can make it as re@isas you would like COVE also uses voice for
commaunls, freeing up the screen for the actual simulatidrerd are also many separate
monitors, and stations, from the radar screen to the instructor station showing all of the
data.
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To implement a trainer on a mobile device, it is critical to identify vepetific
tasks you with to train, as it would become unwieldy if too many tasks, or too large a task
was to be implementedt is also very important to give a lot of time and thought the
controls, or the way the user provides input to the sysidth arny complex task, there
are usually a lot of controllable inputs, and even more outputs that matter to th&ftlser
minimal screen space, it is of upmost importance to keep the controls simple and intuitive,
while still providing the required control of éhsystem | conducted both a training
effectiveness test and a user study to get feedback on the user interface and the app overall
with junior SWOs at BDOC, and will look at their feedback for the app in the next chapter

46



IV. TRAINING EFFECTIVENE SS STUDY

A. INTRODUCTION
1. Task

Given that this application was optimized for low speed, pierside movements, it
made sense to test using a similar situal@dVE is a high fidelity, realistic simulator that
the surface navy already uses for the majority of its trainfradso has the advantage that
the instructor can set up any scenario desiZ®2VE also shows the speeds of different
parts of the ship in relation to each other to the instructors, allowing them to see exactly
what is happening at any given timi@® test the effectiveness of this app, we decided to let
some subjects use the app before a simple COVE scenario, with a control group going
straight into the COVE scenario without using the app firsing COVE would allow us
to measure exactly how the suligedid using existing metrics

2. Scenario

The COVE scenario we used to test the application was a simple pier landing
starboard side too in a DDG 51 with a single tug made up to the porffbeve was no
wind or current The ship would initially have all engines stop, the rudder amidships, and
no motion in the middle of the slip 50 yards off the pier, and would be requiredbc’ “
the ship to starboard and make the landirfte performance metrics for making a pier
landing at BDOC were used as showrkigure 18. jectives 2 and 4 were not used, as

there was no wind or current and objective 4 applies more to the turn into the slip.
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Figure 18. COVE GradeSheetfor Pier Landing. SourceBasic
Division Officer Course, 2018.

B. PARTICIPANTS
1. Junior SWOs at BDOC

Junior SWOs at BDOC were picked to be the subjects for this stBEYOC
students are newly commissioned SWOs, most of whom have yet to report to their ship;
those who have will have been onboard less than 3 mdoghsning shiphandling is a
major part of BDOC, rad students are given 3 lectures and 9 COVE sessions to learn the
basics. Bfore they begin using COVE, students are given a lecture on standard commands,
basic shiphandling, and performing man overboard recovehitsr these 3 lectures,
students have 9 COVE sessions scheduled throughout their two months at Bhdea@ts
also have the option to attend optional practice COVE sessions after classes twice a week.

The COVE simulators at BDOC consist of multiple stations with a HMD, multiple
monitors displayig additional information for the students and an instructor statiw@reT
are normally 3 studentassigned to each station with omestructor per statianThe
students will then switch off who as the conn as they worked through the scenarios from
whatewer COVE session they are running throughere were some factors that we had to

work past given time constraints.

First, we would have liked to test the students with the app at the very beginning of
their class convening, because this is when most dfttldents are abtank slate’ We

were unable to do this however, and had to conduct testing the week before they graduated
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BDOC. While it takes much longer than two months and @@/E sessions to become
a competent shiphandler, it did mean that allha& test subjects had a good deal of

experience in COVE.

Second, a factor we were unaware of was that depending on when a convening of
BDOC begins will influence whether the students have had any time on their@hipe F
Fall and Spring classes, mostdguats have already reported to their ship and have had
1-3months onboard.fis does not necessarily mean underway time and time as the conn,
but it can and we found a lot of students had spent a little time as the conn on their ship
before reporting to BOC. dasses that convene in the Winter and Spring will mostly have
students that have yet to report to their ship, so they are all mostly on a level playing field
regarding ship handling. testing was conducted in October, so that meant that not only
did we test a class that was just about finished with all of their COVE sessions, but we had
a class that also had some experience conning in the fleet. These confounds were beyond
our control, but by following a disciplined protocol with the participahé tvere made
available to us, we believe that we were able to collect valuable data that is capable of

supporting our conclusions

2. Study Group

The first of the three groups, and a part of the training effectivenesshesttudy
group subjects used the applicationX6~20 minutes prior to conducting the test scenario
in COVE They would then fill out a questionnaire about the ap@BDOC instructor
graded subjets performance in COVE, and was not aware who was in the control or study

group.

3. Control Group

The second of the three groups, and a part of the training efieesis testThe
control group was used to set a baselifeer they arrived, they went immediately to the
COVE station to conduct the COVE scenarifteAbeing graded in the scenario, control
group subjects were allowed to use the app to provide feedback about whether they felt it

would havehelped them as well as general feedback regarding the app.
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4, User Study

The user study group was separate from the training effectiveness dtedyodl
of this group was to get general feedback about the app without subjects having to do the
training effectiveness study, which was done during COVE practice time after classes.
After a COVE session, volunteers could use the app for as $oingyawished, and filled

out a questionnaire.

5. Recruiting

Recruiting for both the training effectiveness study and user study was done strictly
on a volunteer basis via emaimail addresses for the students were given by officer in
charge(OIC) of BDOC.

6. Randomization

Volunteers for the training effectiveness study were randomly selected for the
control group and study group using the psetawom number generator in Microsoft
Excel.

C. METHODOLOGY
1. Training Effectiveness StudyProcedures

The goal of the &ining effectiveness study was to see if there was any meaningful
differencein performancen a simple COVE scenario for BDOC students who used the
shiphandling trainer application right beforehantere was a control group that had no
access to the app to provide the baseline for BDOC students at that point in BDOC, as they
all had the same lectures and COVE training sessiolge&s had varying lengths of time

and experience conning before BDOC.

a. Before
(1) Control Group

When the control group subjectsstiarrived for the test, they would go straight to

a separate room where | would explain the voluntary nature of the study again and inform
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them that they were a part of the control grotipey would then sign the consent form
(see appendix), and will oatbasic demographic form seenFigure 19 After filling out
these two forms, the subject would go directly next door to the COVE stations where the

student would be briefed by the BDOC instructor on their objective.

Figure 19. Demographic Questionnaire for Tmang Effectiveness
Study

(2) Study Group

The study group would also go straight to a separate room upon arrival where |
would notify them that they were a part of the study grolygyTwould sign the consent
form, and fill out the same demographic questiormaiwould then give them the tablet
with the application started and on the home screamuld instruct them to open the
restricted pier scenario, and give them a brief tutorial on the caritdit not give them
specific instructions on what to do or tell them what the COVE scenario would consist of

| would let them use the app 020 minutes, and when they were done they would be
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sent to the COVE station where they would be briefed by i@® instructor on their

objective

b. During

Both the control group and the study group were treated identically once sent into
COVE. After the BDOC instructor briefed the subjects on the scenario, they would put on
the HMD and begin. fier starting the scemio, the subjects received no help or guidance

until they either collided with something or made a satisfactory landing.

C. After

Following success or failure in the COVE session the control group would be
debriefed by the instructor, providing feedbacktugir performancelhe subject was then
asked to use the app 0—20 minutes to allow them to provide general feedback, as well
as whether they thought it would have been a help to use the app before the COVE scenatrio.
The study group subjects would Blut the questionnaire immediately following the COVE
scenario The control group subjects filled out the same questionnaire as the study group
and user study group.ft&r the subject finished with the questionnaire, they were free to
go. While the subjetcwas using the app, the instructor would grade their performance and
record the speed over ground(SOG), stern speed, bow speed, and final helading. T
instructor also took a picture of the track history for each subject which can be found in the

following section.

2. User Study

Participants for the user study were strictly voluntdrgllowing a scheduled
COVE session, students were given the opportunity to use the app and provide feedback
After signing the consent form, | would give students one of thetsabith the app loaded
and show them the basic controls and how to navigate the nidreyswere then free to
use the app for as long as they lik€mce they were done using the app, students were
asked to fill out the same questionnaire used for the control and study groups for the
training effectiveness study.
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D. RESULTS
1. Training Effectiveness
a. Demographics

Participants in this study were all students at BDOC in San D@&goAll fourteen
of these students were newly commissioned ensigns, with somadhetiécked into their
ships before BDOCTable 1shows the demographics collecte@ubjects were assigned
to either the study group or control group before collecting these demogrdpticsed
out that the study group ended up having a higher mesenatin ship with 1.57 months and
a standard deviation of 1.27 compared to the cogtmlps mean of 1 month (0)89his
unsurprisingly led to the mean conning time for the study group being higher at 34.38 hours
(48.66) compared to the control group atlZlhours(31.88) Another point worth
mentioning was that four of the study group participants played mobile games with a mean
time per day of 82.25 minut€66.64) compared to just one control group subject for 30

minutes per day. Aore detailed analysis can be found in Chapter IV.

Table 1. Training Effectiveness Studydmographics

Control Study Total
6 8 14
2M 4F 3M 5F 5M 9F
23.5 (2.74 sd) 23.25 (1.83 sd) 23.36 (2.17sd)
2 1 1 2 5 3 7 10CS 1 5
NROTC OCS OTHER USNA NROTC USNA NROTC OTHER USNA
Source
1 (0.89 sd) 1.57 (1.27 sd) 1.31 (1.11 sd)
(months)
21.17 (31.88 sd) 34.38 (48 .66 sd)  28.71 (41.37 sd)
(hours)
1 4 5
1 2 phone 2 both 2 3
both phone both
Minutes per Day 30 82.25 (66.64 sd) 71.8 (62.26 sd)

(min)
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b. COVE Scenario Results

Table 2 shows the results from the COVE scenario by both the control and study
groups These results were decided by the instructor based on the COVE grade sheet in
Figure 17. Athough the reasons for failure were varied, most of the time it was a hitting
the pier at too high of speed (> 0.5 knots) or landing stern Tinst study group appeared

to have done better, although the sample size is too small to draw any conclusions from the

data

Table 2. COVE Results

Control Study Total

Successful landing 33%(2) 75%(6) 8
66%(4) 25%(2) 6

Figure 20shows the contingency analysis and table of success by group and shows
the same data 8able 2. he Pearson-pgalue in this case 8119, since it is greater than
0.051 cannot say statistically that using the app before the COVE session increased

performanceMore analysis will be done in Chapter VI.

Figure 20. Contingency Analysis and Table of Succes$byup
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Figure 21shows a logistic fit of success by conning timikis table data shows a
trend that an increase in conning time before BDOC increases the chance of success, which

makes sense urther analysis will be provided in Chapter VI.

Figure 21. Success by @hning Time

Figure 22shows a logistic fit of success by minutes played on a mobile device per
day. There is a trend upwards that suggests more time spend playing on a device equates
to higher performance, but the subject with the highest amount of time spent playing mobile
did not succeed in COVEAgain, small sample size precludes any general statements from
the data.
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Figure 22. Success by Time Spent Playing Mobilar@es

C. Post Questionnaire

The list below includes all of the questions that the control and study groups were
asked to circle a responseuégtion lanswers ranged from not useful, slightly useful,
moderately useful, useful, and very usefliestions2—7 answers ranged from strongly
disagree, disagree, neither agree nor disagree, agree, and stgyeglya all of these

guestions, answers were assigned values fréinrespectivelyfor analysis purposes.

1. Please rate how useful you found this application in improving your
shiphandling skills:

2. Please rate your agreement with the statem&he tser interface was
easy to learn.
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3. Please rate your agreement with the statem&he tser interface was

easy to use.

4, “1 would use this application after graduating BDOC on my first tour if it

were availablé.

5. “1 would use this application ON MY OWN DEEE if it were
available’

6. “1 think this application would be beneficial to the Surface Warfare
community.”

7. “1 would like to use mobile application for other types of training.”

Figure 23is the Wilcoxon ranked sum test for question 1 between the study and
control group. hie control group answered with a mean of 4.67 while the study group
answered with a mean of 4.125h€l'z score was 1.152 with a probability of 0.1296,
meaning that we cannot claim that there is a difference between the control grouphand stu

group’s answer to this question
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Figure 23. Question Wilcoxon Ranked Sum Test

Figure 24is the Wilcoxon ranked sum test for question BeTcontrol group
answered with a mean of 4.33 and the study group with a mean of 4tg&25 value was
0.089 and probability was 0.9&heaning that we cannot claim that there is a difference

between the control group and study greumswer to this question
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Figure 24. Question 2Vilcoxon Ranked Sum Test

Figure 25 is the Wilcoxon ranked sum test for questionts dontrol group
answered with a mean of 4.7 and the study group with 4/25.zTscore was 0.29 and
probability was 0.77meaning that we cannot claim that there is a difference between the

control group and study growgoanswer to this question
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Figure 25. Question 3Vilcoxon Ranked Sum Test

Figure 26is the Wilcoxon ranked sum test for question #eTcontrol group
answered with a mean of 4.38d the study group with 4.25h& z score was 0.3hd
probability was).72,meaning that we cannot claim that there is a differencedeetthe

control group and study growgoanswer to this question
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Figure 26. Question AVilcoxon Ranked Sum Test

Figure 27 is the Wilcoxon ranked sum test for questiontg dontrol group
answered with a mean of 4.33 and the study group with 4.6#5zBcore was 0.0 and
probability was 1 meaning that we cannot claim that there is a difference between the

control group and study grougpanswer to this question
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Figure 27. Question SNilcoxon Ranked Sum Test

Figure 28is the Wilcoxon ranked sum test for question 6e Tontrol group
answered with a mean of 4.67 and the study group with 4.6#5z Bcore was 0.08 and
probability was 0.94meaning that we cannot claim that there is a difference between the

control group and study grougpanswer to this question
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Figure 28. Questim 6 Wilcoxon Ranked Sum Test

Figure 29 is the Wilcoxon ranked sum test for questionh& dontrol group
answered with a mean of 4and the study group with 4.75h& z score wad):85and
probability was).39,meaning that we cannot claim that there @fference between the

control group and study growgoanswer to this question
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Figure 29. Question 7 Wilcoxon Ranked Sunedt

2. User Study
a. Post Questionnaire

All of the questionnaires were combined to get a sense of the overall attitudes
towards the appHfty-eight people provided feedback on the app, which includes the 14
from the training effectiveness study and 7 BDOC instruciable 3shows the results
from the studyQuestion 1, which asked users to rate how useful they found the application
in improving their ship handling skills had the lowest mean at 4.8&stipn 6, which
asked if users thought the application would be beneficial to the Surface Warfare
community had the highest mean at 4.61ei@ll the app was received very well at BDOC,

with the aveage of every question being above 4 with very few outliers.
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Table 3. Post Questionnairefswers

Q1 Q2 Q3 Q4 Q5 Q6 Q7

23 38 32 29 33 34 30

30 17 22 22 21 22 22

5 1 2 3 1 0 4

0 0 1 2 1 0 0

0 2 1 0 0 0 0
Mean 4.31 4.53 4.43 4.39 4.53 4.61 4.46
SD 0.63 0.84 0.797 0.76 0.63 0.49 0.63

Another part of the questionnaire were the qualitative questiomsy Were
numbered 1A, 1B, 3A, 3B, 7 and 8e@use these questions allowed the users to write in
their answers, it was necessary to group the assag@much as possible, leaving out
answers that only hat:-3 responses to keep the tables concigst,Hable 4shows the
responses to question 1.Fhe force vectors were by far the most populdre controls
included both engine and rudder control, as well as theThaysplit ship category refers

to answers that mentioned the app helping them with the split ship combepshows

Table 4. Questim 1.A —Which Features of the Application
Provided the Most 8nefit?

Control Study Total
Vectors
3 1 17
1 1 12
2 2 11
1 2 6
1 1 5
Given Scenarios 0 1 4

Table 5shows the answers to question .1\Bhile there was once again a wide
variety, there were some features that the users were more interesieabist all of these

happened to be fixes to current features instead of newTregoom feature would allow
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the user to zoom out with two fingers, but would snap back when released, a lot of users
would like to see that improved. good number of users also felt that the ship in the
application did notmove realistically enough. His was by design to allow users to
complete multiple scenarios in a short amount of time and to teach concepts, but a good
amount of users wanted to see the ship handle a little slowefemfidteavier Also, there

was some interest in added data to the ship and vectors, such as speed over geound. T
tug was another part that will be mentioned later as well, in this case users would like to

see more speeds available for the tug, not just forward, back, or stop.

Table 5. Question 1.B What Features Would begdded for the
Application to be Helpful to ¥u?

Control Study Total
Better zoom feature 1 2 15
Realistic ship 0 4 14
handling
Visual Data(SOG, 2 1 11
bow/ stern speed,
etc)
Variable tug speeds 2 1 8
Better wind/ current 0 0 6
Advanced scenarios 1 1 5
Different POVs 0 1 4

Table 6 shows question 3.Apcusing on the user interface rather than the
applications features.hE trend was similar to question 1.A, with the controls and vectors

as well as the pivot point being popular.

Table 6. Question 3.A -What was Your Favorite Ul eature?

Control Study Total

Engine and rudder 3 5 25
controls
Vectors 1 4 14
Overall layout 3 1 11
Pivot point 0 2 6
Simple to learn 0 0 4
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Table 7 shows users answers to Question 3.B, which focuses on whether they
thought any parts of the Ul were difficult to u3ée vast majority of answers were no, a
lot of people found the layout simple to learn and easy to use as shown in questions 2, 3,
and 3.A There were some components that some users had trouble with that are worth
mentioning. Kst, thecontrols refer to engine and rudder control, some users found the
buttonshard to press, aifor they did notike the additional slider control.hE issues with
the buttons were probably due to the size of them, which was a balance between usability
and keeping the screen clear to actually be able to use th8oapg others had issue with
the tug control, which was a simple tap once for ahead, again for back, and once more for
stop. This again was to try and save on screen space, but some users found it difficult to
use FHnally, some users felt the zoom was difficult due to the snap back feature and the
two finger zoom, which sometimes causes users to zoom in or out while they are trying to

use two fingers to control both engines.

Table 7. Question 3.B -Were Ary Parts of the Ul Difficult to Je?

Control Study Total

| No | 1 1 22
0 1 10
3 2 9
1 3 7

Table 8 shows the response to question 8, which asks about scenarios users would
like to see in the futurélhe overall trend was that users were generally interested in all of
the special evolutions SWOs must know how to dabld 8 shows the most popular
scenarios requestedhis question was asked to inform decisions for future iterations of
the application, iace these scenarios are outside the scope of this thesipidr landing
scenario in this application was added to provide some context and an objective for the

primary goal of showing the vectors and pivot and how they change
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Table 8. Question 8 What Scenaos Would You Like to See
Added to the Aplication?

Control Study Total

Transits(harbor, 2 3 22
straits, TSS)

3 3 18

0 2 12

1 1 6

0 2 6

Finally, Table 9shows the results for question 9, which asked about features users
would like to see in the future on this applicati@mce again many of these were outside
the scope of this thesis, but provide a good way forward for future iterations of the
application Some of the more frequent answers were already mentioned as features that
were there but needed some work, such as variable tug speeds and a better zoom feature.
Many users would like to see different ship classes, which is understandable given that
whenin COVE at BDOC they train on the platform they will be reporting #os also
goes hand in hand with more realistic ship handling, as that is the primary way the
differences in ship classes would be seBme debrief feature with a path history like
COVE has would directly support what this application is training to, and would be an
invaluable tool if users were able to see where they made a mistagkéedture would be
even more interesting and valuable if users were able to look at the repldly bispary,
and replay the scenario from a specific point in that history.

Table 9. Question 9 What Features WWuld You Like to See in the
Future for this Avplication?

Control Study Total
Different ship classes 3 0 11

handling

Debrief(path history)

O O O o
P W o o

o1 o1 o N
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS
1. Training Effectiveness Study

Given the statistics derived from the training effectiveness study, we cannot say
that there isstatistical evidence that using the application before a session in COVE
increases performance, but we believe this may be attributed to the differing levels of
experience of our participant population. A study group where all participants had no prior
experience, as discussed earlier, may show a different result. Still a trend .ifobear
though the study group performed better, with a success rate of 75% compared to the
control groups success rate of 33%, the pearsaiye is 0.119Additionally, ushg a one
tailed Fishers exact test, thevalue for the right side, being that using the app increases
performance, was 0.156i¥&n these two pralues from two separate tests, we cannot say

definitively that the application improved performance.

This ismost likely due to the small sample size combined with the user experience
confounds discussed abowhile the two tests used are good options for small sample
sizes, a population of fourteen is likely to be just too sri&k study group did perform
better, and we recognize that this could have been caused by a variety of fastgiewn
in the demographics, there were some themes that appeared that were out of our control for
this test Arst, the study group ended up having more time on averadgeeorship before
reporting to BDOCAs said earlier, this tends to happen for BDOC classes in the fall and
spring, a fact that we were not awareMbre time on the ship beforehand likely increases
time spent conning, which also was the case hdrecdntrol group had an average of 1
month onboard their ship with a standard deviation of 0.89, while the study group had
average of 1.57 months onboard with a standard deviation of 1r&nrpisingly, this
meant that the study group had more time on @&eenning at 34.38 hours with a
standard deviation of 48.66 and the control group had an average of 21.17 hours with a
standard deviation of 31.88.hiE could be one of the reasons that the study group
performed betterHowever, these hours spent conning most likely were not special
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evolutions like a transit or making a pier landing and were more likely open ocean
steaming The difference of 13 hours of open ocean steaming is unlikely to make a
difference in a SWOs ability to land the shifhe line fit inthe analysis of success by

conning time did trend upwards, suggesting that this time did help.

Another interesting point is that the logistic fit of success by minutes playing mobile
games per day had an upward trend that the more minutes spent playing mobile games per
day increased performancef the 5 subjects that played games on mobile devices, 4 of
them were in the study group, so it is also hard to say that playing games on mobile devices
had a bearing on success.

Figure 30 shows the track histasfa failure by a subject in the control groudys
a reminder, they were directed to work the ship to starboard from the middle of the slip to
make a landing. &1 watched, the subject was in control the entire time and walked the
ship the wrong directioantil colliding with a ship moored on their port sides | talked
with the subject afterwards, they understood they were supposed to move to starboard, but
did not understand why they were unable to dBétause this subject was in the control
group, hey were allowed to use the application afterwards to provide feedbdwn W
showing the subject how to use the app, | demonstrated what their orders they made in
COVE did to the ship and how it immediately moved it laterally to. poinen showed the
orders required move the ship laterally to starboard, and when all the vectors moved from
pointing left to the right, | could see the sudden understanding the subject nowsimad. U
the app before might not have made a difference for this subject in partbuutla they
had it on their own device and had access for more time, it might have
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Figure 30. COVE Scenario &ilure

While I could not prove that using the application before a COVE scenario
increased performance, the numbers suggest that it .nBghtiuse the test population
ended up being small, it allowed one side to have more time spent conning onboard a ship,
and also with N being small enough it cobbivebeen that the subjects in the study group
were betterl believe that these results warrant further testing of the application with a
larger population. BOC is the perfect place to test this applicationorder to prevent
some of the demographjagich as time on ship and conning tipessibly influencing the
study, conducting another study at BDOither the winter or summer at the beginning
of the convening would be idedlhis would mea that the subjects likely have meported
to their ship yet, and also have nearned he basics of shiphandling yet, leveling the
playing field even moreThe application would probably provide more value if the user
had access to it for a longer period of time, maybe even on their own.dewcknal and

most important aspect of another study would be to increase the size of the test population.
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2. User Study

While proving the effectiveness of the application requires more testoag, $ay
that this training tool was very popular with both students and instructors at BD@C
mean for every quantitative answer on the questionnaire ranged from 4.31 tot46a ou
maximum of 5 Users thought that it helped improve their shiphandling skills, agreed they
would use the application during and after BDOC if available on their own device, and
thought that it would provide benefit to the surface warfare commursgrshlso agreed
that they would be interested in more training application on mobile devices.

The most popular features of the app were the visual vectors, the controls, the pivot
point, and the overall layout)sers liked that the app showed them what heppening to
the bow and stern as they made different orddrey Blso appreciated the simple design
and liked the overall controls as well as the moving pivot pdifitile there were some
things that users did not like or thought could be improvedetheere all very specific
features like the tug control and zoom functionalithey¥ all on average liked the
application overallThe instructor at BDOC who is the primary shiphandling instructor and
provides the initial introduction to shiphandling prded the following:

As an instructor | have limited time and resources to teach students about

pivot point, twists and other shiphandling functioifbese resources are

very limiting and when students cannot conceptualize these functions it

greatly hindergheir progress throughout the course and their caréeis

app would be an invaluable tool for teaching students these concepts before

they enter the COVE shiphandling simulators, and during instruction
period, as a supplement to COVE. (Anonymous (BDOC Instructor), 2018)

This app is not only a personal training tool, but also a teaching tool, allowing
collaboration and quick, retime examples of concepts that are difficult for new SWOs
There are not many mobile trainingpdipations for the surface navyhe first one that
comes to mind is the EDIVO app that has practice questions for the Rules of the Road from
the actual coast guard test bahgersonally use it and know that a lot of junior officers do
as well It is easy to use and always with you, allowing youtaifi’ when you are waiting
samewhere for something and have fimeutes to kill. This app tried to follovithat model,

that training does ndtave to occur in a big expensive simulator during working héurs
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app like this on SWOs personal devices would allow them to learn and continue to practice
the core concepts of shiphandling, and the feedback received shows that there is absolutely

interest in something like this.

3. Research Question Aswers
Below are ar answers to the research questions posed in Chapter | of this thesis.

1. What aspects of shiphandling can be adequately implemented on a mobile
device

X The basic concepts of controlling a ship and seeing how it reacts
with visual vectors can be showrhi§ showed how the split ship
concept worksShowing the moving pivot point was another
feature that was simple to implement and added valoelly;
using basic controlswere able to implement a basic pier landing
scenario to reinforce and provide contexthe vectors and pivot

point.

2. What training scenarios in addition to general shiphandling could be

implemented on a mobile devize

X Openocean ship handling was easy to implemeatso found that
adding in a simple pier landing added a lot of valuddid not
take anything away from core objectives1d® ladded a straight
forward pier landing, it made sense to add one where users would

be required to turn into the slip.
3. What visual aids would add value to the application?

X Visual vectors for the engés, rudder, and resultant vectors for the
bow, stern, and overall were said to be useful by the .uBees
pivot point was also well received as well as the gridlines to

provide reference for the shipmovement.
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X Users would have liked to have more visaformation in
addition to the vectors, such as speed over ground, speed of the

bowi/stern, and actual rudder and engine values.

Can ready access tshiphandling trainer improve junior SWO
shiphandling knowledge and skills

X Access to a shiphandling in@r may improve shiphandling
knowledge and skilldUsers reported that they thought it did, and
75% of the users who used the application before a simple COVE

scenario completed it successfully.

X More testing with a larger test population is needed to prove it
statistically

Given the technical limitations of current mobile devices, what

shiphandling tasks can be simulated to support shiphandling training

X Graphical limitations were not the issue in simulating shiphandling

tasks in support of shiphandlitigining on a mobile device.

X The major technical limitation was the amount of screen space

available on a mobile device.

Whatis the training effectiveness of using a mobile device for
shiphandling?

X Using a mobiladevice for shiphandling training may improve

shiphandling skills, but more testing is needed.
What design features will enhance effectiveness on a mobile device?

X A simple, easy to learn Ul is very important to increasing
effectiveness, users must enjoy using it if they are édtusver the

other apps on their device.
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X Simple, easy to use controls when training something such as
shiphandling. Br example, users liked the engine and rudder
controls on this app, but thought the tug control was diffidiie

tug control was certaliy simple, but it was not easy to use.

X Ensuring everything on the sereabsolutely needs to be there;

screen space is the major limitation.

B. RECOMMENDATIONS FOR FUTURE WORK
1. More Testing

More testing with this application is the first recommended stepnaeyiimprove
shiphandling performance as ue to multiple factors, this iteration of testing was not
ideal Hrst, it is recommended to continue with testing at BDOC, as it is a consolidated
location for junior SWOs focused on learning how to be a SW3ting the winter and
summerconvenings is ideal, as those students tend to go straight to BDOC from their
commissioning source vice reporting to their ship fifgsting a group of students that
have access to the app for a longer period would alsedsenmend, as the subjects for
testing in this thesis only used the app for no more than 20 mikinafly, a larger test

population would be of most value.

2. Update Ul

The first recommendation for updates to future iterations of this app would be to
address the complaints about the.Hrst, users found the zoom feature difficult to use, as
it snapped back original position when the fingers were releblseds would like to see
a more robust zoom capabilitgecond, users found the button controls fer éngines and
rudders not as responsive as they would [ies could be fixed by increasing their size,
but the issue of screen space remaimalfy, the tug controls need to be expanded to allow
variable speed and the ability to immediately give the order vice cycling throagie S

users recommended a pop up control menu or swipe capability for the tug.
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3. Add More Training V alue

Some suggestions by user would increase the overall training value of this

application while still staying within the scope of the objectives.

a. More Visual Data

Many users would have liked to see more data given, mainly speeds to correspond
with the vectors on the bow, stern, and overall as well as realistic values for the rudder and
engine controlsThey were kept generic on purpose for this thesis, but adding these values
in would increase overall training value and would allow the app to translate better to the

real world.

b. Positive and Negative éedback

Many users complained that they did fatow if they had made a successful
landing. This is essentially positive feedback and would absolutely add training Vfadue
score were included that took into account the speed, angle and time, users would be given
more incentive to continue using tep and try to improve their scor@&gative feedback

would also be helpful, whether it is hitting the pier too hard or running into an obstacle.

C. Playback Gpability

One of the most valuable features of COVE is that it can show a track history of
the enire scenario from start to finisfihis is an invaluable tool in showing where mistakes
were made or where specific orders could have worked béktisrwould have the same
value in this application, it would basically act as a debriefing. ibatould dso be
expanded on, allowing users to play from a specific point in path history to see what would
have happened if they made a different order or an order at a different time.

4. Expansion of Training Tasks and Scenarios

While out of the scope of this thesis, many users would like to see more scenarios
add in the futureThis thesis wanted to focus on training the basic concepts of shiphandling,
the pier landing scenario was added to make the app feel more like a game and to add

context to everything. Wen aked what scenarios user would like to see in the future,
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transits were the most frequently mentioned and included straights transits, harbor transits,
and traffic separation schemedm®st every other special evolution that we conduct in the
surface navy was mentioned, with everything from UNREPS and anchoring to DIVTACS
and naval surface fire suppo&ll of these could be built into an application like this one

as a partial task trainer, and this user study shows that junior SWOs are interested and want
it.
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APPENDIX B. DATA.

QUESTIONNAIRE ANSWER S

A.

Q7

Q6

Q5

Q4

Q3

Q2

Q1

Subject

10
11
12
13
14
15
16
17
18
19
20
21

22
23

24
25
26
27
28
29
30
31

32
33

34
35
36
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37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55
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1A- What features of the application

provided tieost benefit?

Total

Study

Control

31

Bow and stern vectors

7

17

Controls

12

Help with split ship

11

Pivot Point

Top down view

Gridlines

RPIFRPINPFPWW

Pier Landing Scenario

RIRINNR|R

Fast pace

Overall Ul

PPN OTO

Zoom out

1B- What features would be needed for the application to be helpful to you

Total

Study

Control

15

Zoom out feature

2

1

14

more realistic ship handling

11

Visual Data(SOG, BtSern speed, wind speed)

Tug speeds

4
1
1
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Environmentals

Advanced scenarios

Different POVs

Notification for successful landing

Other contacts

select shipclass

Sliders

More tugs

Ships track history

Get underway

tug control explanation

Traffic Seperation Scheme

Voice

More obstacles

No

Specific sped pitch

RiRrRrRR|IRRILRIMNMIV|W|w[D|o|o

Tug location

3A-What was your favorite Ul feature

Total

Study

Control

N
o1

Engine and rudder controls

5

3

[E
SN

Vectors

1

=
=

Overall layout

3

Pivot point

4
1
2

Simple to learn

Wind/current

Tug

Tug control

Current engie/rudder orders

Gridlines

No

Visual Rudder

Feel

RPIRPRPIRPININDNININW|[~|IO

View from above

3B- Wereany parts of the Ul difficult to use

Total

Study

Control

22

No

1

1

10

Controls(sliders)

Tug control

N[~

Zoom

w

w (N |©

speed of ship reaction

=
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3B- Wereany parts of the Ul difficult to use

Wind/Qurrent 1

Back button

Pivot point hard to see

Different color scheme

Tutorial for sliders

RPlR|RkkN

Small numbers 1

8 - What scenarios would you like to see added to the applicat

Total Study| Control

22 | Transits(harbor, straights, TSS) 3 2

18 | UNREPS 3

=
N

Contacs/FoR

Environmentals

N[ [N|W

MOB

Pull into slip

=
=

Get Underway

=
=

Anchoring

DIVTACS 1

Buoy Field 2

More platforms

BtB

None

Obstacles(ships) 1

One for subs

Better tug control

Build own scenario

Night

Low vis

UNREBRlide rule

Online with others

Towing 1

NSFS

o

Small Boat Ops 1

Engineering Casualties 1

Flight Ops 1

RiRrlRrR|IR|RPRPRIRPIR[PRIR|R|RINININNVW|W|W|W|w|o|o

Back into slip 1

9 - What features would you like to see in the future for this application

Total Study | Control
11 | different ship classes 3
8 | Realistic Shipandling 1
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9 - What features would you like to see in the future for this application

more tug speeds

Zoom out

Debrief(path history)

None

Voice

NPk IW

More scenarios

Visual data(SOG, wéstern) 1

=

More obstacles

RoR

=
=

Back in time feature(correct mistake)

Weather effects

tutorial for app

Back button

Bearing indicator

Radar

Ships on pier

BtB

Notification forsuccessful landing

Order repeatbacks

Venturi effect

Rudder amounts

Game feel 1

Locked features 1

RiRrRrRIR|IR|RPIRPRIPRRPIR|IR|IRIRPIRLIdNN |~ |0 0| |

Different POV 1

B. TRAINING EFFECTIVENESS DEMOGRAPHICS
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