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ABSTRACT

Information visualization allows users to interpret large quantities of data in order to
efficiently makedecisions Visualizations are often selected by what is the easieseateor
what has been done in the past. However, haphazardly chosen visualizations may cause
confusion and incorrect interpretation of the data. The author propsgstematiqrocess that
will assist analysts in designing an appropriate visualizatiorhé&r tises in a military setting
based on their data and goal® assesshe proposed procedbe authodemonstrates the
methodwith an oil life model projectA user jury was conducted in order to determine
preferences between visualizations devealapeough the procesd he resultsndicatethatthe
process is successful in developing visualizations for a military environmbatvisualization

developmenprocess can be further developed amdluated by using it on future projects.
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Chapter 1

Introduction

1.1 Problem Statement

Every organization today, no matter what industry they belorig o possession of a
significant amount of dataA common problem that organizations have is knowing how to
usefully apply this data tine workplace.The analysts in an organizatioreaequired to sort
through large quantities of raw data in ordemi@nipulate them into readable files by converting
the relevantiatainto a manageable formand deletingheirrelevant data. Once the data is
compiled and organized, the next step is to identify how the most informatidie caadily
gathered from it.In short how should the data be displayed in order for observers to best
understand what it represents?

Commonly data is displayed simplyp ia table or spreadsheet formht other occasions
various charts and graphs ased to try to express what the data is sayldgw do analysts
determine which type of visualization to us€Rere are commeknowledge guidelines that most
analysts are aware of. For example, if time is a variable, astmes plots most applicabteor
a histogranis appropriatéo observe the distribution of the data. Even with these thieg,
often choose the graph that was used last time osdhatone told them to us€hoosing a
visualization type in this haphazard manner rayse confusin or incorrect interpretation of the
data It is essential that an appropriate graph be utilized because organizations will use these
displays to further analyze the data.

Military organizations areontinuallycollecting large amounts of data from thedd,

whether it is from vehicles, drones, or soldiers on the grottalveverthis causes theilitary
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to have to find a balance between how to help soldiers utilize the data properly and how to keep
them from being overwhelmed with tlergeamount of dta they are receivingbanker and
Richtel, 2011) Analysts have taken this data and studied it in order to give deliverables back to
the military, but the issue has emerged where the visualizations of the data are not translating to
the soldiers workingn the field. Technologicabdvances, while helpful icreating new
visualizations are being designed without consideringntilitary personnel that wilbe using
them (Barnes, 1997). A systemized process is therefore needed throughistatihationscan
becreatedso that anyotential usersvill be able to understand and analyze the data represented
in thegraphical representatien

Inspired by working with the analysts at the Applied Research Laboratory,tARL,
researcleffort devdopeda process that allamanalysts to systematically creaisualizations for
their military clients Workers at ARL are tasked with observing data and determining the best
ways to learn how the military is using their vehicl®ghen returning result® the military, the
informationis only partially translatedecause of the incorrect use of data visualization
techniqguesh Ef f ecti ve synergy between humans and vi s
design principles that engender human strength$ @nagmi t at i ons ,pg. J).(M\Blanr nes, 20
working with the military, it is crucial tbe thorough because they are in charge of protecting the
country and its citizens. Another aspect to keep in mind when working with soldiers is that they
may not havergaining or experiencw integrate compleslata, whether in raw form or a
visualization format.This work aimedo give themilitary analysts stefpy-step instructions on
creating thébeg interfaces for their clientsThe systematic procedure will be called the

visualization development process.



1.2 Motivation

This research is motivated by the need to have a methodical process to develop and
produce beneficidhterfaces that will allow the military clients to more efficiently make
decisions.While some people are knowledgeable of different types of graphs and when they
should be used, the general populatgmot. If an inappropriatevisualization is chosen,
observers may not be able to understand the ddtes is especiallgrucialto the military
industry becausthey are required to makiene sensitivadecisions every day with some
decisiondnvolving safety risks for both the soldgaind civilians If the military personnedre
given agraph that they cannot understand, they may be delayed in making the decision or may
not be able to make it at alUsing properinformationinterfacescan allow military personnel to
see and understand large quantitiedatain a smaller amount of timeTherefore, it iessential

thatthe data analysts choose an appropriate visualization display

1.3 Research Objectives

Data analysts know how to manipulate and evaluate, thut that does not mean the
researcheranderstand how to present the results to their customer. Therefore, the primary goal
of this research is to develop a systematic process that helps the analysts to determine the data
visualization tools that are the most beneficial to their cligmthis thesis researcthe process
will be referred to as the visualization development procéls. process giwanalysts stefpy-
step instructions that will assist them in creating interfaces for their military customess.
secondary goal is to demdrege and evaluate the visualization development prabessgha
case study The project will involve the decisiamaking process that maintainers take when

changing the oil in military vehicleBecauseotentialusers of thelevelopedsisualizationswill
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be interviewed, their answers will provide&ectinformation about the proposed procelghe
process is successful in discovering potential visualizations, it will allow fonilitary analysts

to have a systematic method in developing visadilims for each of their projects.

1.4 Thesis Organization

Chapter 1 contains an introduction to the research, which is comprised of the problem
statement, the motivation, and the research objectives. Chapter 2 reviews literatupasf the
relatedwork on several topics, including information visualization, information processing, and
structured interviews Chapter 3 discusses thieases of the proposed visualization development
process and what steps analysts should take when creating visualizatensilfary setting.
Chapter 4oresentsa case studynvolving an oil life modelusing the development process and
discussethe results from the user jurfChapter 5 gives a summary of the research, provides

conclusionson the proposed processd discusses possibilities for future work.



Chapter 2

Literature Review

In order tocreatethe visualization development process, related work was researched and
reviewed. Information process theory wasarveyedo understand how the humeognitively
observes and understands stimuli. Information visualization, both in general and in a military
setting, was researchetdsing interviews to extract information fropotential users was
explored. Lastly, the project that will be used to demonstrate the visualization development
processas applied tan oil life algorithm andthe research behind this algorithm will be

explained.

2.1 Information Processing

Despitedecades of researamd severagbroposednodels the process humans take to
perceive, encode, and understaraimulushas not been comgtiely comprehended and proven.
Information processinig a subset of cognitive learning theofhese theorieposepossible
ideas about how learning is made up of cognitive processes, configurations, and representations
all within the mind of the learné¢Emith & Ragan, 1999 Becausét is difficult to truly
understand how theuman mind operates, the theories arfdrimation processing research is
widely debated.Severaimockels have been developed, but none have been accepted as the
complete and accurate model of human information processing.

Cognitive learning theorfocuses on the aspgsf the observer rather than the
influences in the environme(Bmith & Ragan, 1999)In this theory, it is more imptant how

the observers absorbing the informatianstead ohow the environment is helping or hindering
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the learner Cognitive learing theoristgositthat learners are constantly observing information
and comprehend it based on their prior knowled@legrino, Chudowsky, & Glaser, 2001).
Thecognitivistsfocus on how certain human cognitive processeash asnotivation, encoding,
attention, and acquiring knowledg#ay a role in how information is organized and storetthe
human brair{Wittrock, 1990). The theory solely emphasizes the observer as a receiver of
information and hovinformation is compreherd based orthe cognitive processes that are
taking place it h e o b lsrand noehow changes in the environment will affect learning.

Coghnitive learning theorists acarrently investigatindpow information is perceived,
recognizedcontemplatedcon@ptualized, and converted into useable mental déta.
combination of these processes can also be called information procdsfangnation
processing theory is a set of theories that explains learning as information transforming through
several hypotésizedsections of the human brain (Smith & Ragan, 199%ese parts of the
brain are only theorized because research has not been able to find physical locations in the brain;
however, theoristeave nevethoughtof them in a physical sense

Cognitiveresearcherbave developed several models and theories of information
processing theoryThe modelsuggest an explanation for hdwmumans perceive information and
translate it into their memorySome of these modelsincludet ki nson and -Shi ffrin
Store Model , 0 Rummel hartés Schema theory, and
theory (Smith & Ragan, 1999 heinformationprocessingnode| that is most known and used

i s At ki nson a-dstdre Edudelwhichrcanrbé seen MuriguPel.
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Figure2-1: Atkinson & Shiffrin (1968) MultiStore Model

The Multi-Store Model has information being processed and kept in three different
memory locationssensory memory, shetéerm memory, and lapterm memory When an
external stimulus is detected, there iseaacutivecontrol that oversees the entire information
processingrocedure The system will regulaterhich cognitive activities will be used during
each phase of the process andureshat the information resources that are needed to process
are available and assigned (Qexd2005.

The sensory memomypanages the external stimthiat are obtained from the senses.
Whentherearemultiple incoming stimulitheywill compete for attention from the sensory
memory. The stimulimust beattended to right away because visual stimuli get extinguished after
approximatelhyhalf a second and auditory stimuli afsgaproximatelythree seconds (Cooper,

1998. If the observedoes not pay attention to the stimulus at this stage, it will be forgotten and
will not be transferred to the next stagéhe person is more likely to notice amansferthe

stimulusto shortterm memonyf it is has an interesting featuoe hasa knavn patterrto the
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observer (Huitt, 2003)The sensory memottyelps to sort out which stimuli will be transferred to
working memory and which wilbe ignored.A  p e r pagh ex@esences, such as knowledge,
morals, and beliefsyill impact which externastimuli will be focused on (Smith & Ragan,

1999). The stimuli thahave been attended to in the sensory memory are then transferred to
shortterm memory.

Shortterm memory, also known as working memasywhere the information a person
is currently thinkng about is storedThere are two major limits withortterm memory: (1) the
external stimulus will only remain in there for 15 to 20 seconds unless it is echoed then it can
remain for up to 20 minutes and (2) the number of external stimuli thésegancessedtone
time (Huitt, 2003).The fimagi ¢ number 0 t-tersntmentoey atomedmedsi n i n
7 + 2 according to a study compdtby George A. Miller (1956)The information that i
shortterm memory is conscious and is usedefgpondo an external stimulusAs seen in Figure
2-1, there are arrows to and from shi@itm memory and lorterm memory.Information can be
taken from longerm memory in order tbelp comprehend new data (Smith & Ragan, 1999).
Not all information h working memory will be transferred to lobgrm memory Only the
information that a person remembers forenthan a shogteriod of timewill be encoded into the
long-term memory (Smith & Ragan, 1999).

The encoding process from working memory to legn memory is most important for
those who are trying iearn and retain informatiorilhe executive control is in charge of this
encoding proceduréelieved to be able to holhalmost unlimited amourda f a per sonos
knowledge and skills in a permangngiccessible form (Cooper, 1998)ong-term memory
includes both preconscious memory, whicasathat can easily be recalled, and unconscious
memory, which is information that is not available when conscious (Huitt, 2Q@f8ymation
can beransferedfrom shortterm to longterm memory by elaboration on the subjaat

periodic review.
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There are many theories as to how informati
long-term memory.Most theorists propose thiaformation is represented in netwesrof similar
ideas and concepts that are connected through a relationship (Anderson & BaR8gr,
Depending on how developed and descriptive these relationships are will dictate how well the
person can retrieve the informatioBome cognitive theoristsuggest that information that
presentedn the form of imagess stored as images in the lotgrm memory (Paivio, 979).

Other theorists believe thette information in the longerm memory is stored in the form
of schema, which is a specific type of netwoBchemata are data configuratidhat represent
general concepts, suchfasd, animak, andrestaurantthatare stored in the longgrm memory
and contain fAislotso that thatae sinbantsthahcategory f i | | ed
(Rumelhart, 1978) Schemata are updated and reorganized through a dynamic process of
integrationand adjustment between the new observed information and the existing information in
the schemataAnhderson & Pearson, 1984fEvery time new stimuli are observed and translated to
theworking memorythe executive control is trying to firadrelated schenta encode the
information into the longerm memory.

There are several factors related to information and cognitive pescites affect how
people learn and comprehend informati@ome of these factors include the practice effect, the
organization effect, and level of processing eff&add & Brophy 1986).The practice effect
suggests that each time information is praetior recited, the longer it will stay in working
memory, and the more likely it will encode to letggm memory.Similar to the way schema
work, organization will assist in retaining inforri@at longer andnore effectively When the
organization and tationship with existing information is strongénge easier it will be for the
executive control to retrieve it from lorigrm memory.Craik and Lockhart (1972) suggest that

wheninformation is processed deeper, it is more likely to be rememb@&tex);theorize that the
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deep processing will strengthen the memory connections in thedongnemory (Smith &

Ragan, 1999).

2.2 Information Visualization

Al nformation vi sual i-gupporiedinteractvevisdbale use of co
representations of abstract datd&hneiderman®99i fy co
pg. 637. The most important aspect of information visualizat®imcluded irthis definition:

At o ampl i f The design and devetopmerit of visualizations shalw@dystake into

consideratonhe t hey wi | | i mprove user thédatathad isleeimge s s an
shown. In this research, information visualizaon i ncl udes the fAdesign,
application of computer generated interactive

2010, pg. 387).

Visualizations are data that is being transformed into pictures, and then in turn, the
pictures beig translated into information by humans (Spe2€87). Data and information are
two different things. Data are the numbers and the faké& from the subject that is being
represented by a visualization while information is what the data is try@xptain. Itis the
trend or behavior that the user is interpreting from the deitare are three types of dafa)
guantitative, (2) ordinal, and (3) categorical data (Spence, 2@ @ntitative data is the most
common type of datanumerical such acar mileage or engine spee@rdinal data islata that
can becountedsuch asatings between 1 and 1Q@ategorical data is data that can be sdrtex
groups, possibly depending on their relationships. Textual and qualitative data fall under
categoical data. The primary goal of information visualization is that it must allow the user to

extract the information from the data (Spence, 2007).
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Peoplewill interpret the same information in a different way based on their individual
experiences and comtg(Tufte, 1983). The same visualization will mean different things to
different people because thigve unique life experiengeshich causes them to perceive things
in an individualized mannerlUnique personality and cognitive traits catlsese individual
differences.Several cognitive factors, such as spatial ability, visual memory, and associative
memory, and cognitive and learningstfilee r m peopl es 6 i n doecomednora |
apparent when visualizations are involved (§H004). Thesedifferences in humans make
designing informatiowisualizations, whictaremeant to be used by multiple people for the same
task increasingly difficult.

There are three aspects of cognitive behdaiond only in experimenthat are releant
to information visualization: (1) inattentional blindness, (2) change blindness, and (3) cognitive
collage (Spence, 2007)nattentional blindness occurs when the observer overlooks, or is blind
to, a detall that at first appears to mpactthe owerarching goal (Ware012). Change
blindness is a result of the working menrgability to hold a large amount of information
(Rensink, 2000).In some cases, observensss significant changes between visualizations
because the working memory canyréemembea limited amount of informationCognitive
collage occurs when a person combines similaifmairrectinformation from their memory
therebyresulting in an inaccurate judgmefpence, 2007).

In order to overcome individual difference&gformation visualizations should be
desiged with basic rules in mindedward Tufte, who is known for being a leader in data
visualizationexplainsthatvisualizations can be simple and clear to get their message across
without being boringTuf t e al so strongly advocates the
designl +1 =3 or mb9O0e pg.061)( Thig pribciple expresses that the elements of an

informationvisualizationshould combine to creasm effect that is larger than thengupossibly

di ff
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larger than the creator thoughtufte states that there are three types of information graphics:

data maps, timseries plots, and a combination of these two.

Data maps show a large quantity of information thraihghdensity of the graphiwhich
will allow for a quick display of the data in a limited space (TUf883 1997,and 2006).Tufte
believes these graphics are the most efficient walsmlay large amounts of data that humans
will understand.Thedensities ar@isualized in theraphics through points, lines, colors, words,

and other markers (Tufte, 19833ome of the most widely known examples of data maps are
Snowbs map of

chol er a2)d ean ch sMii ma rLdbésd omparcHf =h igau r &
on Russia (Figure-3) (Tufte, 1983and 2006)
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Time-series plotare believed to be the most commonly used form graphic design (Tufte,

1983).0On e
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seen in Figure-2 (Schofield, 1997) Tufte remarksthat usinghe natural progressicof time in

a graphic gives them more strength and efficiendgterpretation (Tufte, 1983).This plot

allows for observers teasily spot trends, relationships, or variations over tin@wever, the

main disadvantage of the tirseries plots is thassumption of causality and the absence of

dimensionality with only one variable (Tufte, 1983).
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Tufte summarizes his research very well with a single ahateexplains the eight
features of a goodraphical display:

iGraphical di splays shoul d

- show the data

- induce the viewer to think about the substance rather than about the
methodology, graphic design, the technology of graphic producti@enoething
else

- avoid distorting what the data have to say

- present many numbers in a small space

- make large data sets coherent

- encourage the eye to compare different pieces of data

- reveal the data at several levels of detail, from a broad overview to the fine
structure

- serve areasonably clear purpose: description, exploration, tabulation, or
decoration

- be closely integrated with the statistical and verbal descriptions of aatata

(Tufte, 1983, pg. 13)

When designingnformation visualizationgt is helpful tounderstand howhevision
systemworksand perceives graphical featur&here are two principal psychological theories
that explain how vision is beneficial in perceiving features and shapes: Preattentive processing
and Gestalt theory (Ware, 201Breattentive processing theory describesv some features of
visualizations can be perceivgdickly and accurately bg p e rlosv-tevebvision system
(Fekete et al., 2008)An example of a preattentive process is line orientdfagure 25); the
humanbrain can quickly perceive which line is out of alignment of the oth@tker features that
can be preattentively processadlude size, basic shape, color, convexity/concavity, enclosures,
and added shapes around others (Ware, 204i2ualizationsthat include these features will help

overcome individual differences since most peapécapable of preattentive processing.

Orientation

Figure2-5: Orientation Peattentive Process (Ware, 2012, pg. 154)
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Gestalt theory explains how the human brain psiegiples that the visual system
follows when it is interpreting an image (Fekete et al., 2088)me Gestalt principles that can be
usedas a guideline for developing visualizations inclpdaximity, similarity, continuity,
symmetry closure, and relative size (Ware, 201Zhe proximity principlanvolves perceptually
groupedi t e ms ; Aithings that are close together
pg. 181). The similarity principle explains that the things that are similar will be grouped
together.Visual elements that are smooth and continuous tend to be grouped together by the

continuity principle. When the vision perceives two symmetric visual elemdmey, are likely to

be perceived as a whole bdsa the symmetry principleT he ¢l osur e principle

closed contour tends to be sTHeralatiesizegpnmciptebj ect 0

describes how smaller aspects of a patiend to be perceived as an object while larger aspects
tend to be perceigkas background (Ware, 2012).
Some researchers have taken the preattentive processing theory one stepyfurthe

describing howcertaingraphical features are better than otheexain the dataThe human

brain uses categorizations according to known experiences based on the perceptual and cognitive

principles Bertin, 1983;Cleveland & McGill, 1984; antMackinlay, 1986).These researchers
describe different encoding mechanigimet the vision systems identituickly, similar to

features of preattentive processirigertin first identified four common tasks related to

information visualization and sorted encoding mechanisms that he thought were beneficial to that

task, seen ifrigure 26 (Spence2007). The four tasks that Bertidiscusses are (1) association,
how similararethe items, (2) selection, how the items are different and could be grouped, (3)
order, how can the items be ordered, and (4) quantity, how the markspoeipnal to each
other. The encoding mechanisms are the rows in FigtB@2d are arranged by the number of
tasks they will be useful forBertin notes that the most appropriate encoding mechanism for a

visualization is dependent on the context ef tdisk (Spence, 2007).
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ClevelandandMcGill (1984)furthered their research through experimento assess the
accuracy ofudging several encoded quantitative de@ame of the encoding mechanisms are the

same as Bertinbs, but Clevel and and McGi || onl

guantity. Bertin only listed one encoding mechanism that can be used witlitgtige data, so
Clevel and and McGill &ds r esealherdsultefmmthent i al | y ex
experiment can be found in Figur&’2where the encoding mechanisms are sorted according to

the accuracy of judging quantitative data (Spence, 2007)
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Mackinlay (1986 x panded Cl e v e farkingto irclndd nodua@itativé 6 s
data and the encoding mechanisms thatigogawith them. The rankings have not been
empirically verified like Cleveland and McGiihstead the rankingse based on existing
psychophysical results and several analyses of different perceptual tasks (Mackinlay,Th@36).
different positions o& given encoding mechanism on the three types of data are because
additional perceptual tasks are involved. $heed encoding mechanisisd some examples

that support therder of the sorting are found in Figur&ZSpence, 2007).

Quantitative Ordinal Categorical

Figure2-8: Ma ¢ k i rsSortadyMechanism®r Quantitative, Ordinal, and Categorical Data
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2.3 Information Visualization in the Military

Despite the significant progression of technology throughout the yeansiilitary
continues to uspaper maps and sheets of acetatsgess battlefield situatio(Durbinet al.,
1998) The military isreceiving a large quantity of data that they can potentially use to improve
their systems and make more efficient decisionsthgstuse simple spreadsheeeveral
studies have been conductat used military personnel to evalutite use of information
visualizations in the battlefielthoweverthe researcheie not using thstudiesto help
determine the best visualizatofor the task being studi¢Banks andVickens, 1999; Baes,
2003; and Thomas, Wickens, ad@rlo, 1999). If a systematic process was used that included
the soldiersd input t hr ou gperbapdthetisuaizatonseavauldi on o f
have a higher success rate in fileéd.

One of the research studies on battlefield visualizatiorestigatesssues with the
vi sual i zati ons t haepabilityto omddrstandrared make decisiomsdregarding
thewarfare situation (Barne2003). The research breaks down the issues that impact the two
basic processes thésualizations assist with. The fingtocess is situational understanding,
whichincludes all of the processes a commander will usestessasand understand the current
battlefield situatior{Barnes, 2003)While thetechnology to support the visualizations in the
field is establishedthe human aspect, including task analysis and perfarejaneeds to be
clearlydefined. The prediction pocess includes what the commander needséan the
visualizationgn order to plan and execute a mission to obtain a goal gten, the issues arise
when the decision process of the commander is not considered when developing the
visualizations (BArnes, 2003).

Thomas, Wickens, and Merlo (1999) conducted a study to evaluate display frame of

reference effects orognitive biases, integration of imfoation, and spatial judgmenthe
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research discusses htle display format is an important issuender for it toassistwith

multiple decisioamaking processesl he display format is affected by many different factors,
such as frame of reference, the amount of data that is available and shown, and the differing
viewpoints being shownEvery factor hat affects the display will have a significant impact on its
usefulness; therefore, it is critical to figure anteffectivecombination of the factors that will
produce the best display for the command and control tdsksommander (Thomas, Wickens,
and Merlo, 1999).

A study completed by Banks and Wickens (199@luated soldiers completing a task
given three different types of displays, a tdimensional contour display, a thrdenensional
static display, and a threBmensional interactive displaylhe results from the research showed
that each displawas béter for a certain type of task he display used also was dependent on
the spatial ability of thefficer; for example, the officers with lower spatial abilities used the 3D

tools more to complete tasks.

2.4 Structured Interviews

Knowledge acquisitioiis the task ofjathering information from a source, while
knowledge elicitation is the subtaskgsthering information from an expert (Shadbolt & Burton,
1995). Learning information from experts can be incredibly difficult especially when large,
complicded systems are involvednowledge elicitation is used to obtain information that is
vagueand abstractsuch as information that is nesisilyrecalled Knowledge elicitation will
allow for designers to better understand their customer by discoyertiegtially new
information. There are multiplenethods used for knowledge elicitation, but for this research

only structured interviews were used.
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One of the most common and useful tools for both initial requirements and task analysis
as well as for thevaluation of problem solutions is the structured interview (Ware, 200#).
structured intervievis designed to allow for extracting information about specific tatke
organized and controlled design of these interviews allowdsier and more siditant analysis
of the information.The structured interview is an excellent tool to use for determining what
aspects of a visualization are important to the user, and what are potential solutions to their
weaknesses (Ware, 2012)ne of the benefits of the interview is that information can be
gathered about a range of topics with minor effort, and information that was not expected can be
found(Ware, 2012).

A structured interview is a formal session where the interviewer has plémnentire
session that results in structured transctipas are easier to analyze (Shadbolt & Burton, 1995
These types of interviews work best when there is only one participant andeynewer.
Group interviews can be conducted, but theysmanetimes lead to answer pressuring and biases.
Selecting the participant(s) to interview is important as it will dictate how muchamd
significant the information gathered will bé.is better to try to obtain experts in the field of
research, whicimeans users of the system that is being studiechat® many years of
experience.ln order to decrease the chances of biases, the interviewer should be someone that is
not associated with th@roject, and they should be instructed to only ask the guastin the
interview script and only deviate if absolutely necessary (Kirwan and Ainsworth, 1992).
Interviewers should remember the following guideli@$never get drawn into lengthy
explanations, (2) never deviate from the interview script, (3) rlevanother person interrupt the
interview or persuade the interviewee, iidyer offer an answer or an opinion about the answer,
(5) never give another interpretation of a questand(6) never improviseKontana & Frey,

1994).
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The interviewer shouldart the interview with discussing the background of the user in
order to understand how much experience they,rspeeifically related to the task question
The questionghat aredeveloped for the structured interview need tetb@ghtforwardandeasy
to understand and answer (Foddy, 199@)e interviewercouldrequest for the user to participate
in acognitivewalkthrough. A cognitive walkthrough is a technique that is used for evaluating
the design of a visualization interfa@ieman, Franzke, & Redmiles, 1995t the end of the
interview, the script should include an opemded question that allows the participant to ask any
guestions or clarify their thought#n order tohave accurate information, the interview should be
recorded, whether by handwritten notes or recording devVibe.results can be systematically
arranged based on the structured questions, and then filteredtagdrizedn order to analyze

the information

2.50il Life Algorithm

Some vehicles today aeguipped with tools that estimate thejiee oil life remaining.
In his unpublished thesis, Anveshan Bommareddi developed an improved version of an oil life
algorithm that takes into account more variables than the systems on the market now.
Bommareddcreated an algorithm that took inputs framilitary vehicles to estimate the percent
oil life remaining. B o mma r eropbsed adgorithm took into account, not only the nominal
engine oil life, but other variables such as the engine oil temperaturentcdentgerature, engine
load, engine speed, engine cranking, and oil aging (Bommareddi, 2009). To accurately predict
the oil life remainingBommareddcorrelated the oil life to time because it is updated with oil
deterioration rate.

First, the nominal diife is set to the standard for the vehicle, and Bommareddi used 500

hours. Thenfor every five seconds of operatidghe oil life used, theumulativeoil life used,
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enginerunning time, andumulativeengine running time are calculated (Bommaredad®. A
samplewas set to be taken every 5 secontise oil life used is a variable that keeps trackhef
estimated amount of oil life that was used duringfitheesecond sampleThe cumulativeoll life
variable keeps a running total of the oil lifsed. Engine running time ancumulativeengine
running time are the variables that tralok amount of time the engine has been rundurghg a
sample and over time since tlastoil change.Thenthe percent oil life remaining is calculated
based on the oil life used compared to the nominal oil life.

The oil life used during five secondime period was calculated by taking the
cumulativeoil life used and adding on what Bommareddi called cdmedactors multiplied by
the time sampledThese correction factors were used to account for oil degradation over time for
various reasonsThe first correction factor was for engine and coolant temperature. As the
temperatures deviate from optimum ogiéng temperature, the engine will experieitazeased
wear and thuaffectingthe oil (Bommareddi, 2009)The engine load correction factwonsiders
the load on the enginéis the engine speddcreasesthe engine speed correction factor w&ldo
increase.The engine cranking correction factor takes into account not only how frggtrent
engine is started, but the temperature as valanking the engine often can cause mechanical
wear, and cold temperatures only make cranking take longer as\dabhse more wear
(Bommareddi, 2009)As the oil agests effectivenesslecreases. He oil aging correction factor
will decrease the nominal oil life aftertias been in the engine for more titamonths and has a
maximum of 24 monthsLastly, theres a desert environment correction factor that if activated

will account for more degradation when in a dusty place.



23

Chapter 3

Proposed Visualization Development Process

The primary goal of this research is to cremtesualization development process for
analysts to useThe processvill instruct them how to systematically produce data visualization
tools and interfaces for their military customev8hen designing interfaces for the military,
analysts need to keep imind that their client may have little to no training and experience with
readingand interpretinglata, whether it is raw data or graphs and chadmsovercome this
weakness, the visualization development process, seen in Figuiechudes many ietractions
and discussions with potential usefde process isrganizednto three phases: (1) analyze the
project and the data, (2) initial user interview and develop visualizations, acwh(B)ct a user
jury to obtain feedback on visualizations.

Phase 1

Initial Ideas

Interview

Phase 3

Figure3-1: Proposed Visualization Development Process
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3.1Phase 1: Analyze Project and Data

Phase 1 of the visualization development process for the military inctsdestial
primary steps for the projecAfter being assigned the project, the analyst or team of analysts
shoulddiscusghe overall scope of the projesith the project manageandideally with the
clientas well It is critical to agree on and und&nd the scope because research has shown that a
poor scope definition can lead to project failure and also affects the schedule, cost, and
operationapropertiesof the projec{Cho and Gibson, 2001)0ne of the most important parts of
the scopés theoverall goal of the projectvhich is crucial to understand before beginning to
analyze data and create interfac&he scopealso includes who the potential users of the
interface will be.In order to design visualizations that will be beneficiahlgsts must
understandthea s er 6 s | o b Amother espential partioftthie scepe that needs to be
discussed with the project manager is the schedule. Knowing the schedule will allow the team
members to tentatively plan for each of the phases ipridfeess as well as an approximate date
for interviews.

Once the scope is well defined and a schedule for the project is made, the data can be
examined.Researclshouldbe done on what variables and relationships are important to the user.
This will allow for the analyst to know what variablesist be used in visualizations and which
relationships need to be highlightetihey need to observe what, if any, variables interact and
affect one anotherAfter analyzing the data, ttieam members can beginldinstorm and
create initial ideas for the interfac¥isualizations do not necessarily need to be created in Phase
1; howeverpotential ideas can be sketched so they can be taken to interviews in Phase 2.

While brainstorming ideas for visualizationsetanalysts should be aware of the
common graphical tools that most people know and what they are usdth&most commonly

used visualization tools were researched and were sorted according to their use and number of
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variables. There were three usagategories that these graphical tools were sorted into: (1)
comparison, (2) relationship or trend, and (3) distributibhe comparison category includes
visualizations that will allow for data to be compared against each other or over time. The
relatiorship and trend category shows the correlation of data between items. Lastly, the
distribution category shows the frequency and distribution of the détse graphical tools can

be seen sorted into their categories in Figuge 3

Parallel
Bar Chart Bullet Graph Star Plot Bullet Graph m

o . Univariate Multivariate
Univariate Multivariate l |
| J |
1

Na Time Aspect Time Aspect
L |

Compare

Data Visualization

Relationship/ Distribution

Bivariate

Multivariate

Univariate

Bivariate

Parallel
Bargram

Bubble Chart

Dendrogram

Figure3-2: Visualization Tree

Whendevelopinghe original ideas on potential interfaces for the client, analysts should
constantly keep in mind theverall goal of the user. Thesearcherseed to remember severa

aspects such as what the interface will be used for, how much data will be bedniidhatyw
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many variable need to be includedVhile the interview portion in Phase 2 walhswer many of
these questionsnalysts will need tdeginto think about hovthe user would break down the

problem or goal anthe cognitive steps that the user would take to solve it.

3.2Phase 2: Initial User Interview

Prior to completing the first interview, there are a few critical details to decidEirst,
theintervieweeneeds to be someone who will use the interfasayell as user that has more
experience and has a higher position if possiblext,a structured interview needs to be
constructed This type of interview is a method that has structured questionsithaliow the
interviewer to easily extract information about the tasks (WW20#2. The interview will go
smoother if the interviewer knows exactly what needs to be said, and it wilredace that
nothing is forgottenf visualization sketchewere doneand will be taken to show the usdrey
need to be neat and legibl€he interviewer should be prepared to explain the sketches in detail.

The structured interviethat isconducted is an excelleway to determine what
characteristics of thegpential visualizations are truly portant to the users (Ware, 2012 he
initial user interview will allow the analysts to get a basic understanding of how the customers
think and use the potential interfackt the very beginning of the interview, tigerviewer
needs to explain in detail the purpose of the interview, in case the nsérisare of the project.
Before showing the interviewee the sketches, they should be asked to do a ctaghitamalysis
of thejob at hand.The interviewer doesot want to show the user the potential skettiedésre
the task analysisecause they do not want to influence them into changing their prokess.
cognitive task analysis requires the user to go throughgaaden the process they take to
complete tle task, including both the physical and mental st€psth & Ragan, 1999)It is

crucial for the interviewer and other analysts to understandettision making process titae
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customemsedo reach the final goalln this task analysis, it should be clear what the user
currentlyutilizesto assst them in obtaining a result. Knowing what they currently use to make
decisions will allow the analysts to understand the process and what they can improve upon with
theirinterface designs.

After completing the cognitive task analygise interviewer can show the user the idea
sketches.They will need to explain the drawings; however, if a loéxglanatioris needed, it
may indicate that it is too complicated for therss The militarys very interested in makin
efficient decisions quickly, so if an interface requires too much thinking, it may not be beneficial
for them to useThe interviewer needs to ask for their honest thoughts about the sketches so that
an impoved visualization can be created fromlftno sketches were created, the intergéeean
bring in the raw data and explain ithe user could have preferences on what variables in the
data should be used’hey can also discuss if the typical userdwgzerience with reading data
and in what formatAt the end of the interview, the interviewazeds to have a complete
understanding of the task, the user, and the decision making process used.

Following the interview with the usdhe analysts assignéol the projectan begin to
design and create the visualizatiol$hese visualizations need to be directly based on the
feedback from the interview as well as the basic visualization tools in Figlré &he users
have more datiterpretatiorexperience, more sophisticated tools can be explaidule
developing potentiahterface designs, the analysts need to continydhsik about the decision
making process of thaser. They need to review the information visualization guidelines
discussed in Chapter 2 of this thesis. Knowing the general rules of information visualization will
helpthe analystin creating an interface thateets the needs of the usefdter completing the
development of the interface, the analysts should do a cagnialkthroughto validate that the

taskcouldbe completed with the visualizations.
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3.3Phase 3: User Jury

AThe wultimate pur pioss et oo fi nvcirseuaaslei ztahtei ocno mamadns
understand the battle dynamice, s si der opti ons, and p,ypg8f.ict outc
In order to determine if the visualizations will benefit the military, they must be shown the
optionsand asked to discuss them. That is wigymost important step of Phase 3 of the
visualization development process the user juryA user juryconsists of a panel of experienced
users who will evaluatand provide feedback dhe potential interfacwith aninterviewer
present The panel can be conducted in a group setting or individually and can be survey or
interview based However, before the user jury can be condudtezlanalysts musiomplete
some preparation for the interviewlslost importantly the user jury has te hssembled. The
team needs to try to find as many experts or experienced users in the field they are asorking
they can. The monesersthey can interview, the more feedback they will receive, and the more
they can improvehe interface.

Similar to thenitial interview, the user jury interview will need to be designditthe
user jury will be in a group setting, a survey may be easigsdo If itwill be conducted
individually, whichwill give morein-depthresults interviewsor a combination c$urveys and
interviewscan be usedIn addition to writing interview questions for the user jury, a scenario
should be created. The scenario needs to be real@iigire the uset® make decisiongnd
include constraints, for example, limited timeresourceslf the scenario involvethe
participantamaking decisions and planning, it will fortteemto use the visualizationslhe
constrained scenario will answer the questions: how do the users perceive constraints on their
resources and how do thmake decisiong/hile constrainedlt will also give insight into
whether they even comprehend the context of the probRior to the interview,hHeanalysts

needto prepare botlhe suggested interface as well as the current interface that the clients use.
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Bringing bothof these visualizationgill allow the userdo compare and contrast the two
methods. The two methods combined with the scenarigeqlire the usert® asses whatthey
are doing and makéhemchoosebetween visualization toals

After constructing the user jurthe interviewsan finally be conducted. If at all
possible, the interviewer should insist on leading individual interviews. Group interviews can be
a backup plan, but thesan lead to biasing and pressuring between participahis.interviewer
should stick as close as possiteghe script created so as to not lead or bias the juBiaying
on script will also allow the answefr®m every jurotto be ompared and analyzedhe
interview should start with getting a brief background of the user so that differences between
jurors can be notedNext, the interviewer should present the scenario as well as both
visualizations to the interviewemdallow them to take their time to work through the scenario.
Like the initial interview, the user should be asked to do a cognitive walkthrough to observe how
they use and interact with the interfadéhe interviewer should note which interface the juror
uses when completing the scenario and walkthrouighill also allow for differencedetween
the usersn the decision makingrocesdo be apparentSome of the critical questions that the
researcher needs to ask are:

(2) What are the steps the user tatleesomplete the task in the scenario?

2) Do they have a preference between the proposed interface and the one they

currently us@
3) How do they perceive constraints on their resources?
(4) Does theidecisionmakingprocess change when they are constrafnyeimited
resources

Once the formal questions are completed, the intemnean ask for the jurort® expand on their
opinionsand suggestionan the interfaces. Again, one of the more crucial answers in the user

jury is which visualization do they prefer to use when making decisions.
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The analysts then will take the feedback from the user jury and analyizeely.should
compare each answerrass each of the users and document the similarities and differences in
them. Theyalsoneed to understand how each of them make deciaimhgote any differences
in the processThe results will provide insight into how there are cognitive differenetsden
users ldeally, the jurors will have aimilar mindset, and therefore, similar answers, but there is
always the chance that significant differences will occur.

If there is a consensus between the jurors, the editbeasiynple to handle.lt mears
that they will be able to use the same type of interé@cess each of the usghbsit changes may
still need to be made to the visualizatiofitie users may have given suggestions on changes that
they would prefer. However, if they did not, the antygill need to look over information
visualization tools and guidelines fguidance on how to chang€hanges need to be made
wherethere was a disconnect between ihterface and the decision making process

In instances where theignot a consensuthe analysts need to determinky there are
more difference in opinions. One of the reasons may be the jurors haeeedit jobs and goals
in mind, sathey need to compare the backgrounds and cognitive processes for each of the jurors.
If there are major differences in the background, it may lead to the need for two different
interfaces for each type of jolAnalysts must remembé&s matchthe interface to the cognitive
process.

In order to determine how representative the user juf/tise population being studied,
inferential statistics can be usekiferential statisticsise probabilistic techniques to make
predictions about eertainpopulation based on the analysisaadamplgAsadooriank
Kantarelis 2005) Before using thesechniques, the analysts need to be certain that the user jury
sampleis representative of the population being studi€dsts of significance can be used to
determine the probability that the obtaimedults are representative of the population being

sanpled.
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After the visualizations are recreated, the team may warptat Phasetd test the new
interfaces.The same jury can be used since they already understand the scenario and firocess
may be beneficial to keep the same jsoythey can compare the new ones to the previous ones.
However, the&sults may be biasedPhase 3 can be repeatadil both the analysts and the users
agree that the final visualizationse useable and beneficial. Once the process is finigtead,
ultimate goal of the projecwvill have been met and the usevill have a new interfadhat will

allow them to make more efficient decisions.
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Chapter 4

Demonstrating the Visualization Development Process

Once the visualization development process was crempedject was assigned to
demonstrate andsses#. This project involves incorporating an oil life model into
visualizations that maintainers can use to make decisions and plan missions with their fleet of
vehicles The project aims to aid maintainersdaciding wherto change the oil in the vehicles in

their fleet.

4.1 Phase 1: Qil Life Project

The idea for this project was inspired by working with analysts at the Applied Research
Laboratory aPennsylvani&gtateUniversity. As stated in Chapter 3,dHirst and most important
step of Phase 1 is to define the scop#hefproject, which includes the overarching goal, the
schedule, and the users of the end redilie projectwas developed from looking at a series of
reports that werseeminglyuselesgor the military customerAqu e st i on watpeposed,
of visualizations would be usefilor t h e ma i nSo,ahe firg goal of this projestav@so
to research what type of visualizations do the maintainers find useful when given aoscenari
Anotherobjectivewas to determine whether a certain type of visualization was preferred over
anotheiin a military setting.It was then decided that the maintainers have a task of changing the
oil in each of their vehicles at a certain time, whethervehicles needed it changed or nbt.
they had the data and an interface to help track the progress of the oil, they could make better and
more efficient decisions about whencteange the oil and how to plan missiostimeline was

also created sihat tentative dates for interviews could be made.
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In Phase 1, the potential users of the interfaeedetermined and researcheSince the
scenario was developed to be about oil changes, the most logical user would be a Battalion
Maintenance Officer,roBMO, as well agieneral maintainersThe BMO hasseveral roles in the
military and is in charge of the maintenance of an entire battalion fleet of vehitiese are
several maintenance officers underneath them that are in charge of a single einitlety
Some of their more significant roles include overseeing all maintenance dctidtyattalion,
managing supply levels of vehicle parts and tools, and comparing assets in order to determine
which can go on mission8MOs are constantly lookingt large quantities of data in order to
keeptrack of all of the assets, arftely do not have a set visualization across the military to
observe and interpret the dat@ne of the tasks that BMOs and Maintenance Officers deal with
regularly is changinghe oil in their vehiclesCurrently, the method in which they change their
oil is a little vague and will be determuhan Phase 2 of the process.

Next, the data was received and analyzedorder to help the Maintenance Officers
have a betterundersthn ng of t heir v e lhwas deslasddoinclideanevo nsumpt i
variable:the percenil life remaining. Anveshan Bommareddi from the Pennsylvania State
University calculated this vanmrodacedineChapt2. hi s unp
The data that was supplied includesd tegarchappliedto datagathered frommilitary vehicles
to determine percent oil life remaininghe data includes several typessehicles, each with
values for the following variablesngine time (hoursgquivalent engine time (hourahd the
variables to calculate thitotal fuel used (gallonsjuel used while rolling and while idle
(gallons), distance traveled (miles), idle time (seconds), and other classification dats such
location and serial nuber. Equivalent engine time is equal to the oil life used variable caézlila
i n Bommar eddi 6tincreasegngineitimebyranadddional waafactorbased on
how the vehicle was used during the sampling teeen irEquation 4.Bommareddi2009)

The percent oil life remaining was then calculated by dividing the equivalent engine time over the
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nominal engine oil life of 500 hourseen in Equation 4.2 (Bommareddi, 2009)nce this

algorithm wagecentlydeveloped, the militarpersonnehad not previously seen it
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Before includinghis new variablethe othervariables and therelationships were
considered because they were the ones that the client would have worked with preVithesty.
deciding whether anot to change the oil in any vehicle, the main varialilasthe maintainer
considers areniles driven, engine hours, and time since oil chariggeh of these variables are
positively correlatedmeaning if one increases the others aldbincrease.There are vague
guidelines on how ofteto change the oil in vehicles, butyipically only estimatesaboutevery
3,000 Military vehicles get used in a significantly different manner ttigitian vehicles, so it is
logical that their oil be changed byddferent method as wellOne of the ideas brainstormed for
a new visualization involvedreatinga scatterplot of miles driven versus engine hours, and the
marker on the plot changing colors if the engine coolanteéeatprereached a maximum value.
However, thedata that waseceiveddid not have coolant temperatureitsowas decided to wait

until after the initial interview whether to include it or not.
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Initially the new variable, percent oil life remaining, waluded from the sketches
becausehe permission of the user wanted to be obtained. If he did not understand or agree with
the use this variable, it would need to be omittiéxt, the analytsobserved how this variable
was affected byhe other variables involved. As miles driven, dsipee oil change, and engine
hours increased, the perceiitlife remaining decreased. This is because as the vehicle gets used

the dirtier the oil will geandtherebydecreases the oil life.

4.2 Phase 2: Battalion Maintenance Officer Interview

The frst part of Phase 2 of the visualization development proceséinsltan
experienced user to interview and write up the structured interviéw.interview was scheduled
with a Battalion Mairgnance Officer, or BMO. The BMO is not only a potentiakusathe/she
alsohasa higher positiomnd therefore will have more experience and knowledge about the data
and visualizationsNext, the interview script was created and altered to meet the needs of what
the project needed to understamdscript forthe interview can be found in Appendix A.was
decidednot to bring any sketches to the interview because the interviewer wanted to get the
unbiased opinion ahe user abduthe data and visualizations.

The interview had a basic designstérting withbackground and working towards more
specific details.At the beginning, the interviewer explained a brief overview of the project and
asked about the userds current methods invol vi
what the current pross as well as the interfaces being used to track the pro&isss.this time
wasusedtes ee i f BMOs and ot her maintainers would wu
changes.After obtainingthe backgrounéhformation, theproject and data was egihed in
greaterdetail specifically the percent oil life remaining variablEhe data was explained in order

to validate the algorithm with the userThen, the user was asked about where he could see it
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being beneficial in his job and how would he use it during planning for oil chafgesiake
sure the visualizations would include variables that the user needs, he was asked what factors
were importantvhen deciding about oil changeAlso, constraints that the BMOs have when
dealing with oil changewerediscussed, so that the interface can be designed in a manner that
canhelpthem plan according to their resource or timathtions.

The current proess that the military uses to change the engine oil is dependent on the
model of the vehicle. Approximatetyo-thirds of the military fleet is enrolled in the Army Oil
Analysis Program, or AOAPFor this program, an oil sample will beken and sentia a
laboratoryevery six months for tactical vehicles and every 90 days for combat vehitiedab
will check the viscosity of the sample atheé anount of fuel and metal contemtdconductother
tests After the samples are evaluated, the resulteetest will be sent back to the unit with a
recommendation to either change tlileothe filters,both, or neither However, the on¢hird of
the vehicles that are not enrolled in the AOAP get their oil changed on a time basis,
approximately every simonths.The i ntervi ewee stated that thes
because they may have good oil left when they get changed.

I n order to keep track of each of the vehic
they have alerts set in their Stardl&rmy Maintenanc&ystemboxes(SAMS) boxes. This is
the computer program that the military uses for items such as dispatching, tracking services,
ordeiing parts, and tradkg faults. The users assign a service date to a particular vednide
input theservice code into the SAMS bowhich stores the date on a service calendar. When the
maintenance officers print out a monthly schedule, the oil sample service dates will be on there.
TheBMO has the responsibility to track the serv
case, he is not the one who executes the assignment of the ser@asil see them, but an
administrative person called pressure controllers will break dbevedrvice schedule by uamnd

send it out. Then, the sample coordinator for the units will inform the vehicle operator to pull the
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sample The sample is given back to the coordinator who turns it into the maintenance facility.
Another part of the oiiracking in the SAMS box is when the vehicle operatos wip the engine
oil he will report that up to his commanders which will go on up the chain of command to the
BMO. Most of the data that he and other personnel read is in spreadsheet formaty 8o,rtbt
have that much experience wittterpretinggraphs and other visualizations.

After the algorithm and raw dateereexplained to the useng stated that he thought this
algorithm can better represent the oil life because it is based off of eimggneather than més
driven like other estimating systemEngine hours will be more accurate in representing the oil
life in the military vehicles because it includes the times that the engine is running but the vehicle
is not moving, idle timeldle time is important because military vehicles are often kept running
when not moving so that they can be readily availatiben asked if he would find it beneficial
to see the percent engine oil life remaining, he dtht@ he would if he were in a foard
environmentwhich is when troops adeployed in a country oversea&/hile they are in a
garrison environment, there is no oil test program in pldte military personnethangethe oil
based on mileage and the look and feel of thelbthe intervieweehad a program that showed
him the percentil life remaining of each difis vehicles, he could use it to plan which otees
send on missions.

When discussing constraints and priorities for readiness the usfar lwiidchanges, he
stated that qaply and demand constraints are more of a concern when deployed. Therefore, a
program that showed him each vehiclesd infor ma
be beneficial in his decision making process for oil chanbfesis not concerrmewith preserving
oil while deployed because he wants to fireduce
| owest pos sHelslmere cmmoernecwith piority timely readiness than conserving

oil supplies. He also admitted thdeingable to se¢he oil life remaining would affect his
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decisions on when he would change the oil. wdeld move the oil change up or back depending
on upcoming missions and their projetteimber of vehicles required.

One of the factors that the user statet he would like to know when deciding if he
should change the oil is the vehicle personat¥hile this aspect may be important to the user, it
is not one that can be visualized on an interface through data that the analysts have access to.
Other fators thathe needs to know before planning the mission are the type of vehicle, the
projected weight during the mission, the time length of the mission, the distance that will be
traveled, and the climatel he variableshat he would like to see in an@nfaceare the number
of miles driven, the date the oil was changeztcent oil life remaining, engine runnitime
hours, and any oil addedVhen asked to confirm these variables later, he added average engine
load, average engine oil temperature, aretage coolant temperature.

The Battalion Maintenance Officer that was interviewed stated that not only would he
find these visualizations useful for himself, but for other officers as Wwidlsaid it would
depend on the caliber of the individuals ancethler the BMO would like to transfer down some
of theresponsibilitiedo his other workersThe decisions add be made as far down as the
Maintenance Noncommissioned Officer, the floor supervisor, or the inspétggrersonally
trusts his men enoughb pass those decisions down to them. However, at maintenance meetings,
he would | ook at their suggestions on tienhi ch
with what he knows about upcoming missions aratkea more effective decision.

Thereare many military personnel that could fiteé$e visualizations useful, and they
each ca have a different use for iThe BMO would use the data for planning how and which
vehicles are used. Houldbe able to plan 60 to 90 days ahead withshigplyand demand.

The officers below im could take the same data to make suggestions and executeTiem.
maintenance officersould look at the visualizations and make recommendations to send up to

the BMO. Then, the BMO would take and make decisionstgianning off of the

vV e
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recommendationsThe interface that the user is envisioning could be amlurglose program
that can be used for both planning and execution.

At the end of the interview, the user stated that he liked the idea of the vehicle having the
ability to report the remainingil life. He said that he thinks the end result would save the
military a lot of money by helping with planning supplies andnigrf oil changesThe
potential interface would not only be beneficial in forward environments where there is no AOAP
system in progress, but also with the -tiied of vehicles that are not under the AOAP system at
all. It could potentially replace th®@OAP system if found successful with those vehicles.

After the firstinterview was conductetjeas forvisualizations were brainstormed and
sketched.Since the Battalion Maintenance Officer requestedttigavisualizations show the data
on an individuavehicle basis, the designs needed to accommodate anywhere from 3 vehicles to
50. Of the variables stated that the user needs, all were available except any oil added, the
average oil and coolant temperatures, and average engine load. The datasdikciotr hag
access to maintenance records so they di¢mmwv when oil was added, and thegre not able
to includethe average temperatures or the average enginénldiael raw data the analyst was
given However, each of these variableastaken hto consideration in the percent oil life
remaining variable. The analyst decided to use what was availahie seelwhat the user jury
thought before trying to gain access to more data.

The user had mentioned liking the idea of having a bar graphdgrercent oil life
remaining, and the bars would change colors depending on the percent level it lwdseatieen
60% and 100%, the bar color would be green meaning it was ready to go and most likely recently
changed. The next range, 30% to 60%, wdsaladtolored yellow and would alert the maintainer

that the vehicleds oil I s g et Finallydgetweandd%landt may

30%, the bar would be coloredreco al er t the maintainer t hat t he

may needo be changed depending on upcoming missions.
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Next, the other variables needed to be incorporated into visualizalibese variables
weretheengine hours, distance tragd| and days sindastoil change.Because¢he users do not
have a lot of expé&nce withinterpretingdata from visualizatiords spreadsheets are more
commor® theinterfacemeed tdekept simple so that they can easilyderstandhem without
training. For this reasorthe analyst decided to create the scatterplots so that the users could
easily see how the vehicles are progressing. As shown in FiglivgtB the visualization tree,
scatterplots are used to show relationships. The users will be able to see theshgakietween
the two variables shown as well as the other vehides scatterplots were decided upon: (1)
days since oil change versus miles driven since oil change and (2) engine hours since oil change
versus miles driven since oil changehe maineénance officersvill be able to use these graphs to
see how their vehicles have been used since the oil change. For example, if a vehicle has a higher
number of engine hours but only a few miles driven on it, the maintainer know that the vehicle
has beemdling for the majority of the timeAlso, the marker on the scatter will change color
depending on the percent oil life remaining. The ranges and colors will be consistent with the
first visualization.

As learned from the user, the maintenance officareently do not usan interface to
track oil changes, only a calendar and alert notice systdm.user also said that when they look
at data it is almost always in spreadsheet format. In order théegisualizations created, the
user jury will begiven a table with the exact same datahe visualizations to see whitiey
prefer. The datdor the visualizationsvasactual dataaken from velcles at the Bagram Air
Base. There were five different types of vehickbsit were usedh Palletized Lad System (PLS),

a Heavy Expanded Mobility Tactical Truck (HEMTB)Line Haul,a Load Handling System
(LHS), and a Family of Tactical Vehicles (FMTVIEach type of vehicle had a set of

visualizations created for them. These can be ise&ppendicesB through F
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While creating the interfacethe analyst constantly had in mind the decision making
process of theiser. The researchalso thought about the other potential users that would
employ the interface to execute decisioAfter thevisualizations werereateda cognitive
walkthrough was performedlhe walkthrough used a scenario and the visualizations to complete
a task that involved planning which vehicles to take on a mis3iba.walkthrough was
successful at meeting the neefishe user. The next step is to conduct a user jury to get their
opinions on the visualizations usefulnessl a comparison to their current data methods,

spreadsheets.

4.3 Phase 3: Maintainer User Jury

A user jury was obtained and gave permission for fiedividual interviews. The four
users that were on the panel had diffepaditions, whichwill allow insight into how diverse the
interface can beThe four positions were: (1) Battalion Maintenance OfficerM@jntainer, (3)
Motor Sergeant, andl] Support SupervisoiThese positions vary irmnk, so some would use it
to plan while others may use it to execusnce there were only four jurors, each interview was
treated as a case study to learn how the visualizations could benefit theimpddie users were
told very little before the interviews were conducte@smot to bias their opinions.

Similar to the initial interview, an interview script waiafted. The user jury scripgs
shownin Appendix G. There were a couple differenceghwihis interview script.The user jury
interview includes a scenario that was also printed and given to the intervieMrgscenario
was created to give the jurors a mission to plan and to force theradsectvhich vehicles are
missionready. In the interviews, the juroraeregiven the visualizations in Appendices B
through F. The five types of vehicles each have three different types of grapyes: ¢hart of

percent oil life remaining, (Xcatterplot of days versus distance traveled sinaghaitge, and (3)
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scatterplot okngine hours versus distance traveled since oil chabgeh vehicle also has a
spreadsheet with the same data to compare which the user pidgerancluded in the
visualizations, the percent oil life remaining graptsweeated with statistics on it. This will be
used to gain insight into whether the users would prefer seeing statistical data dheell.
interview will determine whether the potential users understand graphical dataheydorefer

it to their stawlard spreadsheets.

4.3.1 Case Study 1: Battalion Maintenance Officer

The first juror that was intervieweslas the same Battalion Maintenance Offi@O)
from the initial interview phaseSince the researchdecided tqust treat the interviews as case
studies, the same user could be interviewed. The benefit of usisgrigeuser was that he had a
better background understanding loé goal of the visualizationd’he BMO is in charge of the
maintenance for thieattalion fleet ofvehicles

This juror had a very interesting and preaseisionmakingprocess for choosing which
vehicles to send on the missioBince thescenario mission wak30 miles round trip, hdid not
wantto choose any vehicles that Haelow70% oil life remaining. Mt onlywasthis because of
the length of the trip but also becausatenot know how much lag and idle timeould happen
on the missionHe eliminatedhe vehicledbelow70% oil life remaining by using thear chart,
like Figure F1. After this preliminary process, he would look at the days versus distance traveled
since oil dlange, Figure 8 for example, and would filter out the red and yellow ddisen,
with the remaining green dots, he would start with looking at the vehicles that have a larger
number of days since oil chge because he wantedi k e e potattomfeeshd What the user
meantby keeping the rotation freshtisat hewantedto use he lower oil life percentages so the

oil would degrade athneed changing. If he onlyae the vehicles with the highest oil life
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percentage, they would be the ombhiclesreceiving oil changes and thus the only vehicles
being used.Using his fresh rotation procea®uld allow for each vehile to be used and get

fresh oil by a certain timframe. He would use the vehicles that have a lower oil life percentage
(below 70%)on shorter missions so that theguld get their oil changed after the mission and

get back into the rotatiortle stated that he would use this process for all velyipkestin the
scenario except the HEMTT. The HEMTWsuld be used as recovery vehicles so he would look
for oil life above 80%.

The user did not need any additional information to make decisions about oil changes
because he &8 given the fouvariableshe reededo make a proper choice. Those factors are the
percent oil life remaining, distance traveledys since oil change, and engine hothen
asked if he would change any of the oils in the vehlzde®d on the given datae said he would
changghe HEMTTs C53 and C3%vhich have a percent oil life of 54% and 42% respectively, as
seen in Figure &. However, he would not send them on the mission after changing the oil.
Then, the interviewer asked if he would use the visualizations to decide avtieange the oil,
regardless of mission planning. He saidth& woul d use them to monitor
and keep track of which ones ayetting low. He would then use this information for future
mission plans.

During his explanation and densiration of his decisiemaking process, the user only
utilized thegraphicalvisualizations. However, when asked about his preference between the
spreadsheet and the graphs s the spreadshieet would be more user friendly, especially if
you attachf i | tUsersscoufl make quick and easy decisions with filters on a spreadsheet.
With the charts, they would have to flip back and forth which takes more Hm@lsosaid he
preferred to use ghbar chart with the statistics, like Figur&2CHe thought the deviation could
be an impadiant aspect as a decision maker, but he suggested having a comparison with the miles

driven and engine hours grapHe would like to seeif it is possible, the two visualizations built
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into one to illustratengineoil wear time. With this visualization, he envisiolitshelping to
determinewhen vehicles will reach a deviation marker.

There were a few different aretdmt the BMO thought these visualization toobsild be
applied. First, they could be used in sdieg and tracking which vehicles they would select for
extended, over 1 day, missionis would allow them to see how the vehicles are using their
engine oil, for example, how quickly they are degrading the oil Tifee maintenance area could
use it todetermine when they will perforwil changesind also help him in keeping the rotation
of ail changes below a certain time periofigain, this would allow him to keep the oil change
rotation fresh for each of the vehicles in the fleet.

In addition toansweringthe interviewers guestions about the decision process and his
preferences, the user gave somipfiukfeedback about the visualizationde wasoffering
suggestions oaspects that he thought would make them better for the Usiess. he thought
someof the scatterplots were busy, but he was not sure holgaa them up because they are
showingcritical information that he needs to make the decisidime analyst was aware that the
scatterplots were busy, dtetre were scatterplots that brokewtathe larger one into clusters so
that each point could be seen. For exanflgyre B3 was broken down into two clusters in
Figures B4 and B5. The user did not notice that the graphs were broken down into clusters until
the interviewer pointed @ut to him. He did not seem to like the graphs split up into separate
graphs even though they were less buayregards to the spreadsheet, he said to make each of
the columns whole numbers insteg#dlecimals and to remove the date it was changed colum
The decimals will only confuse users, and they typically work with whole numbers.

The first jurorwas very successful in answering questions fully and descriptitidy.
gave anin-depththought process in planning which vehicles he would use forsianisHe
performed a cognitive task analysis for two different types of vehicles, which was very beneficial

for the interviewer to seaVhile the user executed the analysis with the visualizations, he said
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that he prefaed the spreadsheets, whighsalittle unexpected However, he was very positive

in his feedback, and & new interface wergevelopedhe would be helpful to interview again

4.3.2 Case Study 2: Maintainer

The next user juror was a lower ranking maintainer, underneath the Battalion
Maintenance Officer His position title was Senior Stryker Mechanic, and hesaes
approximatehy80 Stryker vehicles, thoughere are other vehicles under his management as well.
The Senior Stryker Mechanig in charge of the familgf Strykers and kgeéng them maintained
to operate and mission capabWhen asked abomthen and how t he vehicles
he stated that some are on an annual rotation while others are on a bietatioal.
While the juror waswvorking through the scenaranddeciding which vehicles he would
send the interviewer noted thae was using mostly the perceiltlife remaining bar chartHe
also looked oveone of the scatterplots and sonféhe spreadshest After he was finished with
the scenario, hdescribed his thought procedairst, he looked at the percent oil life remaining
bar chart to determine which velgs had the highest olil life leffhen, before making his
determination, he would look at the days versus miles driven scatterplotvthisbenad been
changed more recently. He chose the ones that
vehicles that get mor e at tldenalsdsaichthabhe wouldlkaital |y a
seeif vehicles have maintenance issues armdstverity of it.
When asked if he would change any of the oils based off of the data given, he said he
would not change any before the mission. However, there were two he would cdedider
vehicles, C87 and C88, both have low percent oil life remginising Figure BL hesaw that

they had extremely low oil life remaining.hen, when he looked at FiguBe3, he found that
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they were not near needing their annual service and had not even reached 2500 miles driven
According to this user, the oil habout 10,000 miles in it.

Choosing between the visualizations and the spreadsheet, the juror preferred to use the
visualizations, and more specifically, thercent oil life remaining bar charts and the days since
oil change versus distance traveled scplite He preferred those because he could quickly look
at the bar chart and identify a problem with a vehicle. Then, he would look at the vehicles in the
scatterplot to determine their days and mileage since oil ctzamtie give him a better ideaf
the vehicl e 6Healsoisdid thatthewould ulegspreadsheet to get an overall look at
all of the data.However, in terms of expediting the process, he prefers the visualizations. When
asked to compare the visualizatiamsh statistics, fo example Figure Bversus Figure 2, he
said thatwith how often they change the oils, he felt like he did not need to utilize that
information. It may be useful for vehicles that are run more than the ones in the visualizations.

The user thought thale visualizations would be useful for him in other ways, more than
just deciding about oil changes. Hewld use the days since oil change versus miles driven
graphfor decidingservice schedulesHe could utilize the spreadsheets for unscheduled
mainterance items.He thought having these visualizations would be beneficial to just have
around in order to quickly determine which vehicles are his best and ready to go.

Overall, this usepreferred the use of the suggested visualizations for planning and
deciding oil changes in his vehiclede would use them for faster, more efficient decision
making. However, while the user was utilizing the graphs to make the decisions, he did not seem
to agree with them. For example, the FMTV C87 12886 oil life remaining, but he decided he
would not change the oil based on the miles driwafthile that does not mean he would not keep
his eye on it, it leads the analyst to wonder if he does nethreislgorithm behind the oil life

remaining variable.
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4.3.3 Case Study 3: Motor Sergeant

The third juror was the Motor Sergeant for the battalion. He oversees the second juror
but is underneath the Battalion Maintenance Offiddre company that he is responsible for has
approximately 109 pieces of equipment of varytyjges. These vehicles include Humvees,
Strykers, fuelers, and Load Handling Systems (LH®$).is in charge of anything from oil
changes to replacement parts om ¥ehicles.His personnel will troubleshoot the vehicle to
determine the issue, and then order the parts to reptecsolely works with the AOAP system
to replace the oil in his equipmerithis juror will test the oil whemereceives notices that
request a samplehough the tests do not occur ofixed schedule.

This juror seemed to struggle with understanding what the interviewer was adieing.

did not understand that the AOAP system would not be used, since theataskerseas at the
Bagram AirBase. He finally grasped the task and said he would send the better velidgldsis
he means that hgould send the vehicles that have less time on theirtéd.would not send any
that have a low oil life because they may need to be changed seavould send the ones that
were more recently changed and have a lower number of miles driven ohdbeuse they are
more reliable.Based off of the datalone he would not change any of the oils. He would just
not send the ones with lower oil lifern@ining on the mission.

When choosing between the visualizations and the spreadsheets, the juror said that he
would prefertouse he spreadsheets because fil understand
g r a p lhappeared that this juralid not hae much experienceterpretingdataon graphical
visualizations.However, when asked what he found helpful about the graphs, he said that the
color-codingwas beneficial and easy to distinguistv oil life. He thought it would save him
time because thgreen bars in the graph told him which vehicles are good, and then he would go

over to the spreadsheet to get more detailso, the juror stated that he preferred the bar chart
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that included the statistics ominformatidlngotiause it

have, the better you can base your decisions a
There were only a few things that the third juror could think of that he would use the data

for. He said he would use them to base his services and schditdinghanges iad oil

changesl n general, it appeared that the jurordés |

prefer thespreadsheetmethods in planning which vehicles needed an oil chamgénterpret

the data, he preferred the spreadsheet; however, hieesalso liked using the combination of

using the bar chart with the spreadsheet.

4.3.4 Case Study 4: Support Supervisor

The final juror that was interviewdthd a different jolfield than the other three jurors.
While he was the same level as the BatteMaintenance Officer, he was not in charge of a
vehicle fleet like the othersut e was the support manage team supervisor. He manages the
small arms section, the electronics section, and the inspection section, anespernsible for a
small graup that works out in the field The groupverses and inspe&nearlyall vehicles onsite
and in outlying sites because they all have small arms and communicatf@npiror and his
team are responsible for the small arms and communicatioapgooxmately 400 vehicles on
site and then also look after 76 individual unifis.total, he oversees hundreds to thousands of
small arms and electroniesnddoes not deal with oil changes or maintenance péertato oil
services.

After the interviewer explained the scenario and the oil life model to the juror, he voiced
his opinion that he did not think the percent oil life remaining should be kit an advocate
of preventative maintenaa checks and services, or PMCS, whetvhat every driver and crew

haveto do to their vehicles before they use therhis procesinvolves a listof checks and
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servicedor each part of the vehicldHe believes thahe biggest issue that the Army suffers from
is a lack oPMCS use.He was concernedhat thevehicle operators would use the knowledge of
the percent oil life remaining &kip over the oil checkand that could lead to more vehicle
maintenance issue$Vhat he did not understand was that the tool would not be used at & vehicl
operator level, but more at his level.
Once the juror had a better understandingtodmthe visualizations were developed for,
he gave his opinion of the visualizatiortde thought if the tools were being used in a forward
environment it could be effage for a commander or a maintenance technician, but it would need
to bein conjunction with other information such as the maintenance refgetspite thinking it
may be useful for commanders, he stated that they would not use it, but instead theyoveskd
their warrant officer which vehiclestousé¢lhen asked i f he would chang
oil based on the data, he said it would not make him change the oil but it would let him know to
check the oil and keep an eye on it. Before decidihg would change, he would take into
consideration howften the reports were updatech d how t hat vehiclebs oil
Based on the previous answers, it was obvioudhleaiser preferred the spreadsheet to
read the dataHe s @amdander8l ook f or col or s, warHe ant of fi ce
preferred the spreadshdwfcause it could be filtered to arrange the data that would be easy to see.
For example, he would arrange it from lowest percent oil life remaining and also by da&ys sinc
last oil change He also stated that the scatterplots were too busy, and that much data will be
overwhelming to someone who cannot deciphefhe visualizations with thstatistics were
irrelevant to him.He asked the interviewer to explain them and thought that anyone who uses
them would need aexplanatiorbeforeusing them as well.
There was no task of his to whibk codd apply these visualizations. He also said that
maintenace would not use them ledr because he thought it would take up too much valuable

time flipping between visualizationd his juror only uses spreadsheets to read ddiach leads
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the analyst to believe that he may not have a lot of trainiegpretingvisualizations So, he

may not realizehat visualizations can show data just as well and sometimes better if the user

knows how to interpret it.

4.4 Analysis

The data gathered from the user jury proved to be highly beneficial to the heseérc

comparison of the results can be seen in TaHle Zhe decisioamaking methods were different

for each, but that was expectethe second and third juror both ck®to send vehicles that had

less time on theiengine oil, and the first juror had a spexifiethod of choosingehiclesaround

70% oil life remaining. These three methods can be usetptove the existingisualizations

so that they wilenhance their decisiemaking processes.

Table 41: Comparison Chart for thdser Jury

. ... | Visualization
Visualization . _
. Used during| Statistics o
Position Type Area of Application
Task Preference
Preference .
Analysis
. Select vehicles for
Battalion missions, Track
Maintenance | Spreadsheet  Graphs Statistics : T
. vehicles, & Maintain oi
Officer .
rotation
Service schedules &
Maintainer Graphs Graphs No Statistics Unscheduled
maintenance items
Motor . .
Spreadsheet Spreadsheet| Statistics Service schedules
Sergeant
Supbort No Task
PPo Spreadsheet  Analysis | No Statistics Nothing
Supervisor

Done
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As seen irthe comparison table of the user jury resultdy the second juraosaid that he
preferred using thgraphicalvisualizationdo the spreadsheett was noted that thigiror was the
youngest of the four, so perhaps &igor a greater familiarity withechnologyhas an impact on
his preferenceThe fourth juror was the only tompletely dislike thgraphicalvisualizations.

This could be because he had no use for them in his position, or that he was an adamant enforcer
of preventative matenance checks and servicdde first and third jurors both expressed that
combination of thgraphsand the spreadsheet would be helpf. for the preference for

statistics being included, the jurors were splitvo of the userghoughtthe staisticswere

beneficialand two of the userid not. In order to get a consensus, immaintainersvould need

to be interviewed.

One of the questits seemed to confuse the juramsspite of thisthe researcher found
their answers to be helpful towargure work. This question waswvhat other information
would you need to make decisions (only regarding didyily the first juror understood that the
interviewer was asking about what other information did they need to make a decision about oil
changes The other three interviewegave answers on what other information they would need
before sending out vehicles omission. Some of the answers they gave included what would
they be carrying in the vehicles, what route they would take, the mainteeaoces, and any
issues with the vehicledVhile some of this information may affect oil changes, most are
separate detailsHowever,analysts could use this information in the futurdeéwelop a better
tool that theBattalion Maintenance Officexoud use to plan missions.

The user jury included four potential users with different positidiss had the
researcher hopeful that tigeaphicalvisualzations could béeneficial for diverse users.
Developing an interface that is useful to many peuwjille differing needs would be
advantageout the military and coulg@otentially have a costaving effect The results of the

jury show thathe visualizations are not ready for the military to uEke graphical
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visualizationseed to be furthedeveloped using the feedbdcém the interviews.An
interactive interface may be more beneficial to the users than static reéporthie next step
could be cre@tg a dashboard thatain allow them tselect and sort the data they want to see.
After developing a new interfacanother user jury with more participasen be conductednd

thenthe interface could be implemented for maintainensse
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Chapter 5

Conclusions and Future Work

5.1 Summary and Conclusions

Researchers are constantly working with vast amounts of data to translate into useful
information. One of the more common ways to dispéand quickly interpre& large quantity of
data is ininformationvisualizations.Not only is it hard to know what this significanenough
to include in a visualizatiotool, but it isalsodifficult to designthe tool to baused by someone
else. Analysts that are designing graphical tools for customers they have never met can be a
difficult task. This task becomes increasingly complicated by the fact that the workers at the
Applied Research Laboratory work with military customers who have éditjerience
interpretingdata from visualizationsThe researcher created a process in order assist these
analysts to systematically develop graphs and interfaces for their military clients.

The visualization development process was designed to helptanalgseate
visualizations for personnel in a military environmeltthas a systematic design so that it can be
easily followedand deliveruseablaesults. The most important aspect of the process is that it
helps the researcher learn about theircuste needs and goals. In Phase 1, the analysts are to
define a thorough scope with the project manager and customer. The scope can l@adrthem
initial direction when analyzing the data and brainstorming interface idRfesse 2 consists of
the intial interview with a potential user to discuss their goalsdeuisionmakingprocess of the
taskas well as the creation dfe visualizations for Phase 3. To assess the visualizations, a user
jury is conducted. The feedback from the user jury is tisea to improve the interfac®hase 3

can be repeated to obtain more feedback and a better visualization for the user.
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The researcher demonstrated the proposed visualization development process with an oil
life project. The project goal was to creatswalizations that would help maintainers to assess
the oil life of the vehicles in their fleand use the information to plan missiofi$ie data that
was supplied incldeda new percent oil life variablgvhich estimated the remaining life of
engine oilbased oomeasurements taken from vehicléssing the data and information gathered
from the initial interview with a Battalion Maintenance Officeisualizations were created.
These visualizations were then taken to a panel of usasséss their ubdity .

The user jury gave good feedback on the visualizatiand the researcher can take it and
improve them.Becausenly four users were interviewed, it was difficult to determine if there
was a consensu$dore of the users preferred the spreadsheets to the graplesof the reasons
for this may be because the scatterplots were busy and hard td heed.of the four jurors liked
the simpler bar chart for the percent oil life remaining. So, if the r@serawas to make simpler
and less busy visualizations they may prefer using thblse.jurors may prefer just seeing one
variable at a time on a grapAnother reason they preferred the spreadsheets was béuayise
have more experience withterpretirg data off of them.Overall, the user jury was successful
because the researcher did not know what they wanted prior to meeting withTthefeedback
can now be taken and used to rework the interface.

Overall, the visualization development process avasccessilt is critical to get
feedback from the customers in order to know what they will use and find helpfalanalysts
will not fully understand what their clients want until they go ask themunderstand the users,
the researchemustlearntheir cognitive processed he process allows the analyBisreate
visualizations thavill allow their military customerto make more informed and efficient

decisions.
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5.2 Future Work

There are many potentiateas for fuire work for theesearch vth the oil life project.

First, the feedback can be takeom the user jury and used to recreate and edit visualizations for
the maintainersBased ontie feedback from the users, the maintaineay prefera dynamg

medium. This could allow the usets view both an entire fleet of data and also give them the
capabilities to drill down to idrmation for just one vehicleThe interviews showed that the
userspreferthe spreadsheets because all of the data was located pageas opposed to

flipping pages with multiple graphsSo, in the future a dashboard that includes multiple graphs
with all the data could be created to give trahof the information on one pagé#.a dashboard

is created, it could include other asps of mission planning other than engine Bibr example,
some of the jurors ask for factors such as maintenance resutdsutes.

Another avenue to pursue with the oil life model is to create a new algorithm to predict
when the oilife will expire based omsageparameters and add to the percent oil life remaining
variable. When this prediction is overlaid onto other visualizations, the maintainers can see
approximately when thengine diwill need to be changed. The usersuld be able to useith
tool for better mission planning further ioand even to manage suppli€ince half of the jurors
said they liked the use of statistid#ferentstatistics could beonsideredhatmay bemore
helpful, possibly some that help predict whika oil wil fail.

Once new visualizations and an interface are cremteduld be beneficial to obtain
more feedback from maintainer$he researcher should find several more users so that they can
measure their result$n addition to interviews, surveys caa bonducted so that results can be
guantified. When the results are measureable, the researcher is dbléetodetermine if the

interface is ready for use or what aspects need to be changed.
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Future work for this researahouldincludeusing the visualization development process
onotherprojects Each time th@rocess is used its power will strengthéss it gets used each
time, resarchers can use it to develop standardized visualizations based on the project goal and
the data.lt will allow the researchers toetterunderstand their customers, andaill become

easier to develop visualizatiotigat the military personnel wilomprehenénd use.
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Appendix A

Phase 2 Interview Script

I am working on creating an interface that will assist users, specifically Battalion Maintenance
Officers, in understanding how their vehicles are being used, and when they may aited an

change.

What is the current process in deciding when a vehicle needs an oil change?

If it is done every X days, is it still changed even if the vehicle has hardly been used?

How do BMOs or maintainers keep track of when vehicles need an oil cheinge/gil change?
Who keeps track of it (BMOs or maintainers)?
How do they keep track? Is there a visual system?
If maintainers keep track of their own vehicles, how do the BMOs keep track of oil

changes being done & make sure vehicles oil is bmiogerly maintained?

If given a visual representation of how vehicles are using their engine oil, do you think BMOs

would use it? Why or why not?

Analysts have worked to create an oil life model that can estimate how much of the oil has been
used basedn how the vehicle is being useBngine time is used because it is better correlated
with engine health. The engineering model takes into account the nominal engine oil life and

monitors the engine oil temperature, coolant temperature, engine loatk spged, engine
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cranking, and oil aging. It also incorporates driving in a desert and dusty envirorioent.
example, if a vehicle is left idling in a cold environment, the fuel is only partially combusted and
the oil becomes contaminated. Then, thelehavill account for the extra oil degradation due to

oil contamination by increasing the equivalent engine time by a calculated correlation factor.
Equivalent engine time is equal to the actual engine time plus the additional time from how the

vehicle wa used.

[Walk through explanation]
Equivalent Engine Time = Previous Equivalent Engine Time + sampling interval * temperature
correction factor * engine load correction factor * engine speed correction factor * engine

cranking correction factor * dust/d&s correction factor

Do you have an understanding of the oil life model (algorithm)?
Do you think it is accurately representing how vehicles are being used in the field?

Is there anything you would add or delete or alter?

Do you think BMOs would benitfin seeing an estimation of how much good oil is left in the
vehicle?
If so, how would it benefit them?
Woul d seeing what percent of oil l eft chang

Do you think maintainers would use this visualization as well?

In what situations can you see this tool being beneficial?
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What kind of constraints do you (and BMOs) have?

What kind of priorities for readiness do you (and BMOs) have?

If BMOs were able to see an estimate of how much oil life is left, would it affe¢tming of

vehiclebs oil change?

Would it be changed in either direction (both earlier and later)? For example, if they saw

a vehicle had hardly been used but #®@nth oil change is coming up, would they still

change it or would they take the advafehe model?

What factors would help you in deciding when to change the oil in a vehicle?

What are the important factors that would be helpful to see along with the estimated oll
life?

In the visualization, what variables would be beneficial to see?
Would time since last oil change stk important? Or miles driven?
| f BMOs coul d

see each vehiclebdbs oil |

supplies?

If so, how would it help them in maintaining their supplies?

If not, whywoul dndét it ?

DO you have ay final comments or thoughts?



Appendix B

Visualizations for FMTVs

Table B1: Data Spreadsheet for FMTVs

Equivalent Distance

Bumber| Engine | Engine Time| Percent Oil | Traveled Date Days Since

Model Number | Time [hrs] [hrs] Life Remaining [miles] Changed | Oil Change

1| FMTVA1 | C65 133.42 242.32 51.54% 354.58 1/28/13 95
2| FMTVAL | C66 77.76 170.95 65.81% 424.70 2/11/13 81
3| FMTVAL | C67 117.61 254.02 49.20% 286.97 1/29/13 94
4| FMTVAL | C68 123.98 288.15 42.37% 927.04 1/7/13 116
5| FMTVAL | C69 114.91 216.11 56.78% 779.66 2/15/13 77
6 | FMTVAL | C70 10.25 30.91 93.82% 53.94 1/30/13 93
7| FMTVAL | C71 50.30 108.24 78.35% 325.71 1/28/13 95
8| FMTVAL | C72 22.56 71.26 85.75% 124.65 1/14/13 109
9| FMTVAL | C73 0.14 0.89 99.82% 0.00 4/16/13 17
10| FMTVAL | C74 48.51 216.52 56.70% 249.72 1/17/13 106
11| FMTVAL | C75 43.80 139.29 72.14% 252.80 2/10/13 82
12| FMTVAL | C76 27.73 107.88 78.42% 82.60 1/3/13 120
13| FMTVAL | C77 85.91 231.64 53.67% 539.09 2/1/13 91
14| FMTVAL | C78 46.18 159.18 68.16% 159.94 1/9/13 114
15| FMTVA1l | C79 40.76 122.52 75.50% 197.47 1/27/13 96
16 | FMTVAL | C80 75.51 255.83 48.83% 451.39 1/27/13 96




17| FMTVAL C81 53.81 150.57 69.89% 469.32 2/14/13 78
18| FMTVAlL C82 56.74 122.76 75.45% 196.42 1/29/13 94
19| FMTVAL C83 79.42 141.43 71.71% 418.41 1/15/13 108
20| FMTVA1l C84 68.23 135.61 72.88% 338.37 1/13/13 110
21| FMTVAL C85 61.16 146.76 70.65% 332.75 1/29/13 94
22| FMTVAl C86 85.16 143.59 71.28% 486.14 1/7/13 116
23 | FMTVAL C87 438.22 599.87 -19.97%| 2474.20 1/14/13 109
24 | FMTVA1l C88 307.00 481.76 3.65%| 1602.79 2/4/13 88
25| FMTVA1l C89 209.85 305.66 38.87% 1114.52 1/13/13 110
26 | FMTVAL C90 34.08 63.04 87.39% 276.37 2/24/13 68
27| FMTVAl CI1 17.55 33.39 93.32% 130.18 3/2/13 62
28 | FMTVAL C92 24.57 50.55 89.89% 156.85 2/26/13 66

65
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Figure B2: Percent Qil Life Remaining for FMTVehiclesIncluding Standard Deviations
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Visualizations for HEMTT s

Table G1: Data $readsheet for HEMTE

Equivalent | Percent Oil | Distance Days

Bumper Engine | Engine Time Life Traveled Date Since Oil

Model Number | Time [hrs] [hrs] Remaining [miles] Changed | Change

1| HEMTTA2 | C37 10.58 43.94 91.21% 13.65 1/7/13 116
2 | HEMT7A4 | C38 82.35 117.84 76.43% 535.81| 2/15/13 77
3 | HEMT7A4 | C39 166.93 291.66 41.67% 924.13| 1/19/13 104
4 | HEMTTA4 | C40 13.58 41.20 91.76% 14.43| 2/14/13 78
5| HEMT7A4 | C41 8.32 39.31 92.14% 5.13| 2/19/13 73
6 | HEMTTA4 | C42 15.06 38.49 92.30% 30.53| 2/20/13 72
7 | HEMT7A4 | C43 2.56 10.42 97.92% 4.46| 2/17/13 75
8 | HEMTIA4 | C44 4.95 14.80 97.04% 8.66 2/9/13 83
9 | HEMT7A4 | C45 18.87 80.67 83.87% 37.43 4/1/13 32
10 | HEMTTA4 | C46 76.86 142.94 71.41% 700.30| 1/25/13 98
11 | HEMTTA4 | C47 45.70 101.83 79.63% 275.67| 2/11/13 81
12 | HEMT7A4 | C48 4.73 17.41 96.52% 1.25| 1/27/13 96
13| HEMTTA4 | C49 6.10 23.14 95.37% 1.65| 1/25/13 98
14| HEMT7A4 | C50 47.64 174.85 65.03% 46.56| 1/25/13 98
15| HEMT7A4 | C51 15.52 31.22 93.76% 27.26 2/5/13 87
16 | HEMTTA4 | C52 6.75 19.72 96.06% 0.85| 1/23/13 100
17 | HEMT7A4 | C53 135.47 231.70 53.66% 825.43| 1/18/13 105
18 | HEMT7A4 | C54 1.29 3.61 99.28% 0.00| 2/22/13 70
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Figure G5: Engine Hours vistance Traveled Since Oil Change Bottom Cluster for HEMTTs

78



Appendix D

Visualizations for LHSs

Table D1: Data Spreadsheet for LHSs

Equivalent | Percent Oil Distance

Bumper Engine Engine Time Life Traveled Date Days Since

Model Number | Time [hrs] [hrs] Remaining [miles] Changed | Oil Change

1| LHSA4 C58 45.48 94.96 81.01% 70.12 2/22/13 70
2 | LHSA4 C59 42.13 105.41 78.92% 204.69 1/30/13 93
3| LHSA4 C60 259.36 421.29 15.74% 1443.35 1/31/13 92
4| LHSA4 C61 2.30 8.51 98.30% 2.57 1/31/13 92
5| LHSA4 C62 107.48 209.82 58.04% 697.06 2/20/13 72
6 | LHSA4 C63 70.30 175.84 64.83% 304.08 2/20/13 72
7 | LHSA4 C64 291.44 433.68 13.26% 382.76 3/1/13 63
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Figure D4: Engine Hours vs. Distance Traveled Since Oil Change for LHSs
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Visualizations for Line Hauls

Appendix E

Table E1: Data Spreadsheet for Line Hauls

84

Equivalent | Percent Oil Distance
Bumper Engine | Engine Time Life Traveled Date Days Since
Model Number | Time[hrs] [hrs] Remaining [miles] Changed | Oil Change
1 | LineHaulA3 | C55 45.48 130.85 73.83% 0 1/16/13 107
2 | LineHaulA3 | C56 26.76 88.92 82.22% 84.38 1/6/13 117
3| LineHautA3 | C57 114.98 247.74 50.45% 292.53 1/16/13 107
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Figure E1: Percent Oil Life Remaining for Line Haul Vehicles
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Figure E3: Engine Hours vs. Distance Traveled Since Oil Change for Line Hauls
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Appendix F

Visualizations for PLSs

Table F1: Data Spreadsheet for PLSs

Equivalent | Percent Oil Distance Days
Bumber | Engine Time Engine Life Traveled Date Since Oill
Model | Number [hrs] Time [hrs] | Remaining [miles] Changed Change

1| PLSAO | C1 50.46 106.57 78.69% 234.63 1/4/13 119
2| PLSAO | C2 80.61 160.67 67.87% 199.83 2/11/13 81
3| PLSAO | C3 239.92 379.76 24.05% 1557.98 1/12/13 111
4 | PLSAO | C4 2.24 11.14 97.77% 1.28 2/12/13 80
5| PLSAO | C5 138.68 274.49 45.10% 427.34 1/10/13 113
6 | PLSAO | C6 110.67 179.25 64.15% 815.15 1/16/13 107
7| PLSAO | C7 160.41 260.65 47.87% 0 1/10/13 113
8 | PLSAO | C8 140.91 236.00 52.80% 0 1/14/13 109
9| PLSAO | C9 4.46 17.54 96.49% 0.69 1/31/13 92
10 | PLSAO | C10 70.54 155.56 68.89% 436.80 1/12/13 111
11 | PLSAO | C11 123.50 215.63 56.87% 143.59 1/15/13 108
12 | PLSAO | C12 17.59 44.94 91.01% 0 2/4/13 88
13| PLSAO | C13 25.05 67.20 86.56% 81.57 2/17/13 75
14 | PLSAO | C14 8.29 17.26 96.55% 41.25 2/12/13 80
15| PLSAO | C15 15.91 33.51 93.30% 0 2/4/13 88
16 | PLSAO | C16 56.62 101.14 79.77% 0 1/21/13 102
17 | PLSAO | C17 180.32 298.66 40.27% 693.14 1/4/13 119
18 | PLSAO | C18 39.19 74.55 85.09% 260.03 2/28/13 64
19 | PLSAO | C19 32.09 66.63 86.67% 0 1/26/13 97
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20 | PLSAO | C20 73.38 125.52 74.90% 0 1/10/13 113
21| PLSAO | C21 71.84 118.74 76.25% 400.29 1/4/13 119
22 | PLSAO | C22 44,11 83.02 83.40% 257.70 1/31/13 92
23 | PLSAO | C23 127.98 227.91 54.42% 1893.42 1/31/13 92
24 | PLSAO | C24 50.49 102.15 79.57% 127.68 2/10/13 82
25| PLSAO | C25 100.50 187.84 62.43% 473.19 1/9/13 114
26 | PLSAO | C26 72.47 124.10 75.18% 0 2/26/13 66
27| PLSAO | C27 95.78 155.26 68.95% 0 1/24/13 99
28 | PLSAO | C28 50.85 110.09 77.98% 0.05 2/12/13 80
29 | PLSAO | C29 33.55 69.62 86.08% 0 2/6/13 86
30| PLSAO | C30 63.43 118.18 76.36% 0 1/24/13 99
31| PLSAO | C31 82.86 138.91 72.22% 582.18 1/24/13 99
32 | PLSAO | C32 182.01 293.57 41.29% 1323.31 1/10/13 113
33| PLSAO | C33 205.46 366.32 26.74% 0 1/4/13 119
34 | PLSAO | C34 48.15 78.73 84.25% 372.80 2/12/13 80
35| PLSAO | C35 111.55 203.36 59.33% 735.34 1/21/13 102
36 | PLSAO | C36 40.52 87.10 82.58% 0 1/22/13 101
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Figure F1: Percent Qil Life Remaining for PLS Vehicles



