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ABSTRACT

This paper reportan evaluationof digital support for lu-
man creativityto improve healthandsafety inone maru-
facturing plant It reportsthe use ofthis supportas part of
the plant’s risk management proces®r 66working days
Resultsrevealed thathis useled to morecomplete,more
usefuland more novel risk resolutionscompared with the
original paperprocess andinformed how digital creativity
supportcan be rolled outacrossmanufacturingplant, as
well asto otherdomains not recognized as creative.
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INTRODUCTION

The last decade has seen advances in the wigit@ sup-
port for human creative activities in disciplinecognized
as cretive, such asnusic,andfilm and television1,17. In
contrast, there has been little digislipport for human
creativity in other domains even though work undertaken
in them often seeks to produceesultsthat are novel and
useful— accepted characteristics of creative outcof2é
Two of theseotherdomainsare manufacturing andiealth
andsafety.Increasingthe health andsafetyof peopleis an
aim of both organisationand governmentsin the United
States for example there were 4,500 workplace deaths
201Q over 250,000vork-related injuriesn 2011 R2], and
in the European UnioA.5 million workplace incidentked
to at least 3 persedays off workin 2012[7]. More s\s-
tematic analysisbasedsystems havémprovedhealth and
safetyin manufacturingplants but deaths and injuries con-
tinue to happen so ®me organizationsare now exploring
other approaches, such a@eative thinkingto complement
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their healthandsafetymanagemendystems

CNH Industrialis one of theseorganisatios. The estd-
lished processfor managinghealthandsafety in its man-
facturing plantsnvolves all of its employees in theysten-
atic detecton and reportingof risks. Researchhad already
extendedhe processwith digital support forcreative thik-
ing aboutrisk resolutios [31]. This paperrepors the evd-
uation ofthe supportin oneCNH Industrialmanufactuing
plant neaiLondon The plant’s previousrisk detection and
resolutionprocessand the digital supportthat extended it
are reportedat lengthin [31]. This paper'smain contrilu-
tion is toreport, for the first time,the evalation of this
supportthrough a systematic investigation okiresol-
tions documentedvith and without the applicationThe
paper ends witimplicationsfor rolling out thedigital crea-
tivity support inasister manufacturing planand deploing
creativity support in domains not recognized as creative.

RELATED WORK

The digital supportfor creative thinkingwas designed to
enable plant employees to generate risk resolutions that
wereboth novelandusefulto CNH Industridk healthand
safety process Novetly and usefuless are established
measiresof creative ideas and productslB, 23]. Different
forms of creativityanticipatedifferent degrees of novelty
and/or usefulnessso models have emerged to distinguish
betweenthesedifferent forms ofcreativity — often referred

to aslittle-c andbig-C creativity The digital supportdevd-
opedfor CNH Industrialwas to support little creativity —
everyday activitiesn which thenon-expert may participate
each dayf15], to geneatenovel and useful risk resolutions

Most relatedresearch to deVep digital support for human

to generate new and useful outconhes beenargeted at
domainsin which peopleare trained to havereative skills,

for examplethe performing arts, music, and film and televi-
sion[1,12. This support has been developed udliffgrent
types of algorithm fromfor example computational h-
guistics [2], creativesearch [1§ analogical reasoning]
and cas&ased reasoninty supporinnovation B]. Beyond

the creative industriesnteractivecreativity supportis lim-
ited. Somehas been developed to support creative thinking
in science and engineerinfpr examplein the forms of new
tabletop visualizations to support biological discoveries
[29] and social media to support collaborative creativity in



education 4]. Businesses often seek suipportthe creativi-
ty of their employes, but most of this support has been
deliveredas metlods €.g9.[14]), teciques €.9.[20]) and
collaboration spaces (e.ff]) rather than interactiveot-
ware Limited creativity supporfor healthcarework also
relies ontechniquedo encouragereative problem solving
by nursing administratof8] andfamily carerqd13].

The healthandsafety andthe manufacturingdomairs are
no different. The few reports of creative thinkifog useby
employeesn healthandsafety processes imanufacturing
have beenwith techniquessuch as brainstormindor ex-
amplein BMW to improve health awareness on production
lines [L7] and Toycta to engage employees to improve
work environmentq30]. No digital support has beere+
ported. Therefore, this researetaluatedligital support for
creative thinking about healdndsafetyin manufactuing
as an example of support@medomain outside of the cae
tive industries.The researcladopted a esign <ience @-
proach[28] — onethatsoughtimprovements t@problem in
order to achieve goal. The researcfoal was toincrease
creative thinkingby plant employeesn the healthand
safety management procefooneCNH Industrial plant

RESOLVING RISKS AT CNH INDUSTRIAL

The CNH Industrial plant east ofLondon covers40 he-

taresand produce20,000 tractorg®achyearat a rate of 1
evay 4 minutes Each tractor weighsseveral tons,so

healthandsafety is a priority The plant’sestablishedisk

detectionand resolutiorprocessvaspaperbased Whene-

er an unsafe act or cotidn wasencounteredthe emply-

ee who discovereit completedthe A6 paper formshown

in Figure 1 which employees often keptn their person
during shiftsin order to facilitate riskecording

| iweusrmia
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Name: FIN Num:
t = <

[] unsate ax ] unsate candition

Name of the person lnvolved;

Time & Date: D J:
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Location

[

Sketch:

Sketch:

Figure 1. The CNH Industrial plant’s paper form for report-
ing health-and-safety risks

The form offered limited space for an employee tdenhe
risk location, description and recommended resolutam,
well as to sketch the risk and/or rkg@mn to supplement
the text description. Periodically, member of the health
andsafety teanpicked upall completed form$rom collec-
tion points across the 4fectare site. He used a desktop
computer to transfethe text information from the forms to
a Sharepoint databasethen assigned each incident to the

relevant manager or team leadefhis manager or team
leader investigated and resolved the rigken based on the
employee’s original recommendation documented on the
form. The form wasthen updated with theémplemented
resolution.Communication of these risk resolution irapl
mentations across the plant was simplafter the succes
ful resolution ofarisk, the healtrandsafety teanupdated
each form, generated A4 photocopiesitpfand plaed the
photocopies on physical noticeboards across the phant.
more detailed description tfis process is reported in [31

The plant's managemeréam identified that this current
process, although fit for purposeas slowandoften resut
ed inthe sane typesof resoldion being recommendefbr
different types of riskmost of the timen the form of short
and incomplete descriptions Typical types of resoludion
includedasking someone elge investigate, for example:
ask maintenance to inspect, in response to the riskwear
strips falling from monorail, andpreparing to ddhe opm-
site of the risk, for exapie: no parts to be left on driveline
in response to the riskmetal bar left on driveline from
medical line - fell off when about to do my job. Reaons for
these short and incomplete types of resolytsoispected by
the managemerntam includedlack of sufficient engagy
ment byplant employee# the risk resolution piaess too
muchfocus on exploringhe causes of thesk, andinsuffi-
cient support for recordingcomplete anareative risk res-
lutions. Therefore the teamsoughtto empowerthe em-
ployeesin the plant to participate more in the redesign of
their workto be more saf¢hrough creativehinking, con-
sistent withparticipatory and calesign approachef4]. It
requestedligital supportto achieverequirementghat were
specified as part of theesearchs design cience aproach
employees shall document more completel creativede-
scriptions of riskresoluions This paperreports research
that collected data tinvestigate? research questiorss®-
ciated withtheserequirements

RQ1: Arerisk resolutions generatdyy andwith thedigital
supportrated to be moraovel and usefuthan risk
resolutions generated with the paper system?

RQ2: Arerisk resolutions generatdyy andwith thedigital
supportmore complete than risk resolutions getera
ed with the paper system?

The researchquestiors investigated if employeesvould
incorpomte machinegenerated creative guidance irttoe
risk resolutionghat weresubmitted to thie managers and
teamleaders Although suchguidance had the potential to
increase resolutionreativity andcompleteness, it was not
known if employees would accepr reject itfor use during
professional work activities

To implement thedesign science approach, the digital sup-
port was deployed in a work context fousage period. The
researchreported in this papeanalyzed thedata collected
from that period toseek answers to th2 research que
tions.



THE NEW DIGITAL SUPPORT FOR RESOLVING RISKS
A usercentreddevelopmenprocesgeported in 1] resut-
ed in a new Risk Hunting applicationfor individual en-
ployeesto use to resolve riskseforeinvolving their man-
agers andeamleaders The applicationrsupporéd human
centredcreative cognition [1f an activity in which idea
generation takes place with information seadatn employ-
ee usedthe application talocument a new risk, searcé-
trieved informationto dicover new ideasith which to
resolve the risk, themomposethe generated idedsto a
resolution thatmight benovel and useful The reslution
was then sharedigitally with plantemployeesThe appi
cationwas developed to providigital supportfor:

1. Userengagement anguidedcreative thinkingthatem-
ployeeswith no prior experienceof this thinking could
usewithin the constraintdimposed byproduction lines.
Theseconstraintsallowed employeegust 5 minutes to
record and resolve a detected risk

2. In-situ form filling that was as simple asor simplerto
usethanwith the paper process, so that rigksolutions
would bedescribed more completelyrhe application
supported interactions withnrestrictedwritten natural
languageentryand simplepull-down mens.

The applicationwas optimized to run orBamsung Galaxy
Tab 3 GFP5200tabletsavailable in the plantWhena new
risk was detectedthe employeewho detectedt entered
information to describe thesk, its location typeand effect
using unstructured natural languag®md simplepull-down
menus Figure 2demonstrasthis use of the agjzation to
describea newrisk, in which an employeereceived a cito
the head when a duckboasdt on in order taheckfor oil
leaksmoved unexpectedyOne or more photographs taken
with the tabletouldbe attached to the new ridiescription
to replace the sketches on the origipaperform.

i ~ 8 Describe Fisk

© HINT: Enter all of the atiributes of a new risk

Select an incident category

Please describe the risk (rogured)

Enter the name and FIN number of the person reporting the risk (maured)
Where did it happen?

Which main body part is at risk?

What is the type of (potential) injury?

When did it hannan 2

Figure 2. Entering a natural language new risk description
into the Risk Hunting application

The applicationthen presente@ different creativity tech-
niques Each presentednformation contenthat wasaub-
matically generated byhe applicationto the employeeto
sarch and create new ideas with:

1. ldeas from new risk: lists of creative cluegenerated
automaticallyfrom patternsof creative manufacturing

outcomes, instantiated wittnformation that was ex-
tracted from the entered description of thesv risk;

2. ldeas from superheroes. descriptions ofsuperheres
and theimpowers retrievedfrom alibrary;

3. ldeas from previous risks. descriptions of previousuc-
cessfulrisk resolutionsretrievedfrom arepository

The applicatiorinvokeddifferent computational servis¢o
retrieve thaenformation for employees to searahdgene-
ate newrisk resolutionideaswith. The application ande-
vicesaredescribedat lengthin [31]. This papersummarizes
eachonly to provideanunderstanihg of the creativitysup-
port that wavaluated.

The Ideas from New Risk Technique

To implement thedeas from new risk technique andjen-
erateinformation aboutreativecluesspecific to the current
risk, the computational servicestrieved patternsof differ-
entcreativemanufacturingoutcome from alibrary usng a
randomizd search algdhm, then instanteted each re-
trieved pattern withpartial information about the new risk
retrieved usinga secondrandomized search algoriththat
shallowparsedthe risk description to extract names &f o
jects and actionsThe library was populated with 85 ga
terns of outcomesconsideredto be novel and useful in
manufacturingby the researchers, and extractém a
larger library of creative outcomepatterrs in the TRIZ
method[2]. Each patternwas rewritten as anatural lan-
guagecreative clue Some of thepatternswere applied to
generate creative clues basedmachanicabr humanob-
jects for examplethink about dividing the [object] up, and
othersto generate clues based physical actionsfor ex-
amplethink about how to introduce feedback into the [ac-
tion]. Each invocationof the service returne@ creative
cluesthat instantiated the different patterns, and sk
Hunting application displayed lists dlfiesecredive cluesas
shown in Figure 3Example clues generated from the de-
scription of the slipping dltboard riskincluded to think
about providing a shell or cover for the worker, anddeac-
tivating the duckboard. The employee could search these

creative clues to generate new ideas to resolve the risk, such

asdeactivating the duckboard with a brake.

a

(&) Descrive Risk Create Ideas

Ideas from previous risks Ideas from new risk Ideas from Sup

HINT: Read one or more of these creative ideas out loud. Several times. Do r
risk come to mind?

‘hink about if it is p tor ate the du d

g
‘hink about how you provide a shell or cover for the worker

‘hink about if you could make do with more of the worker , or less of the worker

‘hink about 1g the d d

Figure 3. Some ceative cluesinformation presented by the
application to guidethe employee to generate new ideas

The Ideas from Superheroes Technique

To implement thedeas from superheroes technique and
generateinformation aboutsuperheroes and thepowers,
the application invoked secondcomputational service that



automatedsupport for a creativity technique call&dpe-
heroes[20]. The service appliea randomized selection
algorithm twice, firstly toretrieve information aboubne
supehero from a library of 26 pre-selectedsuperherogs

and secondly to retrieve creative thinking guidelines from a

second library of 32 prdefined guidelinesdevelopedto
support employeeuse of the teckmique. The application
then preentedthis information to the emplyee to support
creative thinking For example the applicationmight pie-
sentinformation aboutSpider-Man. The employeecould
searchthis information to generate new ideas to resdtie
entered risk, for example tox@oit a spider-sense that
warns of danger to generate an alert if the dudard slips

The Ideas from Previous Risks Technique

To implement thedeas from previous risks technique and
generate information about previous risk resolutiortkjrd
computationalservice automaticallyretrieved similar risk
resolutionsusing information retrievalalgorithmsadapted
to implement creative searchstrategies The service
searched repository ofover 9000resolved risksn an eX-
ist native XML databasezachrecord in the repositorywas
a natural language description afpreviousrisk and its
successfulesoluion, with no additional semantic or oot
logical information The serviceretrievad previous risks
from the repositoryby dividing the enteredrisk description
into sentencegokenizing partof-speech taggingnd mal-
ifying each sentence terto include each term’s morph
logical root (e.g.shifted to shift, leaks to leak) using the
Brill Tagger[5], then applyingorocedures to disambiguate
each termby discoveringits correct ense using context
knowledge from other terms in thiésk description(e.g.
defining acut to bea wound made by cutting rather thama
share of profit) [19, 26]. The service therimplementedif-
ferent creative search strategi¢isat expanced each term
with other terms that have similar mearsng retrievepre-
vious riskresolutioncase (e.g. the terntut is synonymous
with the terns gash andslice which wee thenalso included
in the querybased on the creative stratggiyach time that
the servicewas invoked it returnedan ordered set of the
highestscoringrisk resolutionghat the applicatioprese
edto the employeeas showrin Figure 4

One risk retrieved for the example slipping duckidoags
T-junction: curved blocks that encourage the entering driv-
er to cut the corner, but this sets them on the wrong side of
the road, and there is a greater risk of a head-on collision
with another vehicle. Although superficially different to the
slipping duckboard risk, elements of the applied regmiu
to this risk, which includedquaring off the curved wall,

=]

% o B Create Ideas
Ideas from pravious risks Ideas from new risk Ideas from !
© HINT: Select a risk resolution similar to your risk. Browse each short description below
Unsafe Act
oil spill
concrete safety

T-junction

Figure 4. Previous retrieved risks: name, description, location
and employee body parts put at risk

Past Risk
© HINT: Plan new ways to resolve the risk. Think out of the box using the following creative suggestions

Previous risk resolutions applied
square-off the curved wall but widen the entrance so the entering vehicle has enough space to swing round

The corner was put in place to enable the farge vehicle to turn safely. No action required

Creative guldance from previous risk
Think about how to use liquid or air with the collision
Think about putting the junction in a vacuum
Think about deactivating the driver

Think about making the junction pulse

Figure 5. One retrieved previousrisk - the different successful
resolution actions (above) and generated creative clues (below)

At any stage, the employee could use the application
document ideas to resolve the ri§lo encourage mord-e
fective creative thinkingvith creative cluesnew idea tetx
boxes were prefilled with idea stenmext from the selected
creative clue, whiclthe employee coulthenextend, edit or
overwrite, as shown in Figure Ghe idea stem text ido
the opposite of what is expected with the shift, which could
be extended with an idea to have a second personthwlId
duckboard in place.

o
Add ldea

Figure 6. Use of the application to recordarisk resolution idea
from ideastem text automatically generated by the application

Inclusion of this feature enabled the researchers ttoexp
if employees includé machinegenerated creative guidance

could guide creative thinking to avoid duckboard slippage,into risk resolutions that they sharedth the healthrand

such as to square off rounded parts to prevent th&-duc

board from moving unexpectedly. The application enabled

safety team

the employee to search descriptions of not only elements of 0 completeuse of the applicatiorthe employee saved the
the resolution to each retrieved risk, but also creative cluegesolution as a set of composed ideas with rents,and
automatically generated by applying the same service fronsharedit with the manager and team leades who re-

theideas from new risk technique to the described risksre
olution, as shown in Figure 5

mainedresponsible fomvestigating and resolving the risk



USE OF RISK HUNTING APPLICATION IN THE PLANT
Controlled brmative evaluationsf the Risk Hunting appi-
cation revealed thgilant employees werable with mini-
mum training, to us¢he applicatiorboth to documenten-
countered healtandsafetyrisks andto generateand doc-
umentresolutiongo these risksTherefore, thesummarized
version ofthe Risk Hunting applicationwasmade available
for useby plant employeesfrom 16" March to 38 June
2015- a usage period @6 consecutivenvorking days—to
generate data with which to investigaesearch questions
RQ1 and RQ2- whether use oft resulted inrisk resou-
tions that were morereativeandor more completethan
risk resolutionglocumentedvith the paper system

A potentialuserof the Risk Hunting applicationwas any
plant employeavho detectedh nhewhealthandsafetyrisk.
Beforethe start of thaisage periodthe researchers trained
7 healthandsafety captainswho were responsible for
healthandsafety on the plant’s 7 production linemd 2
healthandsafety advisorsto use the applicationand the
plant's Samsung Galaxy Tab 3 G&45200 tabletghat the
applicationran on These captains anadvisors then -
vided the same training to employdasdifferent roleson
their production lines- mainly team leadersassembly p-
eratorsrepair operators and electricians. Althouigtentiv-
ized by the plant's management to use the applicaton
record ando resolve risks, albf the employees were free
to alsouse the papesystem.Incentivesto use the appla
tion included access tonew digital support for resolving
risks, fastersharing ofemployeesrisk resolutions, andm
portunities to infom the future developmenbf the applia-

Informal analyss of the resolutios documented with the
applicationrevealedthat the employees documented both
simple and complex risk resolution®ne exampleof a
simplerisk was Buggy driver leaping off his buggy before
it came to a standstill, which wasresolvedsimply with:
Drivers to be advised to stay in control of their vehicles at
all times. This style of resolution— only to advise the m-
ployee not to undertake the action that led to the—riglas
alsotypical of resolutionghat had beerdocumentedwvith
the paper systelim the same perigduch aghe resolution
nothing to be left on drivelines, to resolve the riskbolts left
onrear of driveline by med line operatives.

On the other handhé more complex risk resolutismere
describedvith more wordsin multiple parts, and had more
diverse contentOneexample ofamore complex risk res
lution was documentedn response to theisk: operator
pulled exhaust stack from box and trapped his fingers be-
tween stack and metal bin. The resolutiorwas combine the
operator with something else - possibility of using the hoist
for removing the exhaust from the bin; make the bin more
flexible - means of delivery to be modified; Engineering
Controls - process to be improved to eliminate the risk of
cuts; do the opposite of what is expected with the operator-
changing the process so there is not the opportunity for the
operator to get his fingers trapped. This resolution pro-
posedboththeuse of a hist combined witta more flexible
box and changes tthe work process for the healdnd
safety team. Moracer, the wording of the resolution iRrd
catedthe inclusionof ideastemtexis that were automatical-
ly generatedy the applicatiorfrom creative clues selected

tion. All employeeshad email and telephone access to the by the employeas part of theédeas from new risk andide-
research teanfior help and support throughout the usage as from previous risks techniques. Thitext included com-

period.A limited budgefat the planmeantthatonly 3 tab-
lets were madeavailableby the plantfor applicationtrain-

ing anduse so some employees used the applicatian
workplace desktop computers.

Preliminary data from the fir&1 days of the66 daysusage
period summarizedn [31], revealed that employeesed
the Risk Hunting applicationto document risks and resolu-
tions. It revealed use of theeativity techniguesand some
resolutions revealed evidence of creative thinking.

Therefore,at the end of the 68ay usage periodll of the

datafrom the Risk Hunting applicationand paper system
was collectedand analyzedor the first time Analysis of

this new datarevealed that lpnt enployeesdocumented
risks and resolutionwith it across thegeriod— the longest
gap without a new risk being documented was 2 imgrk
days. The mployees did nibreport any major usability

problems, although wireless coverage in some areas of th@
plant was poor and occasionally impeded application use. Iy
total of 33 different plant employees used the application to
document at least one risk and resolution, and 21 of thes&

employees also used the papsistem to document at l¢as
one other risk during theameperiod

bine the operator with something else, which the operator
had used to generatiee resolutiorelement - possibility of
using the hoist for removing the exhaust from the bin.

Anotherrisk for which a more complexesolutiondescrip-
tion was documented wagngineering problem - app used
in a group. Exhaust lift attachment does not fit all the trac-
tor models forcing the operatorsto lift it by hand and carry
it to the station on their shoulder, andthe riskresolution
was remove something from the models - have all exhaust
pipes standardised to allow one attachment to handle all
tractor models;, make the models work before it is needed -
fitting of the exhaust on the station before so that the lights
are not in the way of the manipulator/attachment; make
parts or all of the operator move and adjust - attachment to
pick up the exhaust from the top rather than from the side to
prevent from clash with the lights and mirrors;, make parts
r all of the shoulder move and adjust - not the shoulder but
erhaps attachment with flexibility of height adjustment for
different models; PlasticMan - parts of the attachment that
an potentially come in contact with the mirrors and lights
to be made of softer material or silicone coated. This risk
resolution vasdescribed in more wordban most generat-
edwith the applicationlt provided evidence ohot onlythe
useof ideastemtexts automatically generated by the appl



cationwith theidea from new risk andidea from previous
risks techniquessuch asmake parts or all of the shoulder
move and adjust, but alsouse of the superheroes technique,
for example through reference to the Plastic Manadter

to use softer materials or silicone coating.

Somemanagers and team leaders also impleme e of
the 115 risk resolutiors during the usage period. An era
ple of one such resolution ghownin Figure 7 The left
side depictsthe risk reported in the applicatioorush risk
when decking the cab onto the unit on Pedestal Line. One
employee usethe application talocument theesolution:
introduce a clip with that can hold the washer in place and
be easily removed when decking cab. Introduce clip that
holds washer in place, which removed the need fome
ployees to place theithand underheavy equipment. The
implementationof this resolution by theassignedteam
leaderis shownon the right side ofFigure 7.

Figure 7. The crush-hand risk on the plant’s cab line—the
original risk on left and its implementedresolution on right

EVALUATING RISK RESOLUTION CREATIVENESS AND
COMPLETENESS

This first and informal analys of all of the documented
risks and theiresolutiors revealedoreliminary evidence for
increases in theompleteness, usefulness and noveftthe
resolutionsdocumented with th&isk Hunting application
compared tothe resolutions documented othe paper
forms. Therefore,a systematicanalysis was undertaken to
compare allof the risk resolutions documented during the
usageperiod using thérisk Hunting applicationto risk res-
olutions documented by the same employees during-a co
respondingearlierperiod using the papsystem

Evaluation Method

The evaluation method collected and analyzed 3 sources of L= = =

data: (1) the application usage log, which recordeditte
and time thateach applicatiorfeaturewas usedby each
plant employee; (2) théescriptions of theisks and resol-
tions documented using tlapplication andthe total num-
bers of words used to describe the&k resolutionsas a
surrogate measuraf resolution completenesand; (3) &-
pert ratings ofthe risk resolutions documentegsing the
application andhe paper syem, taken from a correspan
ing period This corresponding period w2 months eaid
er — the 16" March to 3¢ June 2014 Adverse weather
conditions (e.g. coldtemperaturg and annualproduction
targets (higher volume runsyere identified aswo im-
portantfactors that mighthave influencal occurrencesof
healthandsafetyrisksin the plant so his comparisorwas

chosento ensue that theweather and production targeis
both evalutions were similar The apgication usage log
data andhe descriptions ofisks and resolutionslocumett-
ed with the applicatiomnd the paper system in the cer
sponding periodby the same employeasereall download-
ed into MSExcel spreadsheets, amadhalyzedstatisticaly.
The method did not collect measuresofployeeeffort.

To generatehe expert ratings of risk resolutions docurten
ed usingthe application anthe paperforms 4 risk analysts
from the parent FCA Grouypvith between 4 and 15 years
of professional experience in healthdsafety work inde-
pendentlyrated selected risk resolutionhatemployees had
generated usinthe application and the papgystem in the
correspondingeriod It wasassumedhateachrisk analyst
would be able to rate up to 40 risks and resolutiacs-
rately in each availabl&é-hour session, therefo@erandom
number generator algorithrat random.org was used to
select 20risks resolved with the applicaticemd 20risks
resolved with the papesystem 12 months earlierlO were
from the first half of the period and 10 from the second
half. Furthermore to reduce biagaused bypotentialindi-
vidual differences betweemmployee behaviour with the
application theseses included5 resolutionsn the first half
and 2in the second half generated by the same empoyee
2 healthandsafety captainsThe resulting 40 risks and
their resolutions were then randomly ordered in a questio
naire usinganotheralgorithm atrandom.org. Each risk and
its resolutionwere presenten a newpageabovetwo 1-7
scales to capture the perceived novelty and the umfs|
ratingsof the resoltion to eachrisk, see Figure.8

o

Glass in the cab door shattered when closing the door in the cab drop area

avoid stress in the door , and/or the situation, before it happens - was the door
closed using excessive force?; unfortunately certain conditions cause glass to

break ,to notify [person] to notify croix in possibility of adding grease to hinges;
RESOLUTION

fate th 7 in the box provided
+

r experience, how useful is ence, how new or unusual is
s resofution to improve heaith-and

safety?

i i i
-

Figure 8. An example risk, resolution andthe rating questions
answered by the 4 risk analysts

Novelty and usefulnesare oft-used measuret evaluate
creative ideas andproducts[18, 23], and human expert
judgment is an effective source thiesenovelty and usefu
nessmeasures][l]. This questionnairdormatwas selected
to ratetheresolutionslt asked each risk analyst ttate each
risk resolutionusing this specialized definition of little-c
creativity based ontheir own experience§15 “using
measures using your own expertise and judgment, how use-
ful is the resolution to remove the risk to health and safety,
and how new or unusual is the resolution to improve
health-and-safety?”



Evaluation Results
During the usage period, a total of 33 plant empsyesed
the nev Risk Hunting application to document resolutions

to 115 risks. In the corresponding period 12 months earlier
this set of 33 employees used the paper system to docume

119 risks Of this 33,16 documented risks in that period, 14
were working in the plat but recorded no risks, and 3
joined the plant between the two periods. A similar rafio
healthandsafety captains and advisalscunented risks in
both periods- 9 of the 33and 5 of thel6. Therefore, aat
cision was made to compare the complete sktsks and
resolutions from the 33 employees who used the agjiit

With application With paper forms
Number of resolved risks 115 119
'I\/Ie.an numb.er'of words 15.2 141
in risk description
n{{angvt= of words in risk a5 4-162
description
'I\/Ie.an numbe'r of words 20.8 56
in risk resolution
Range (be words in risk 2-129 0-28
resolution

Table 1. Quantitative data about risks documented andesolu-
tions generated with theapplication and with the paperforms

— the 115 risk resolutions from the application to the 119 Furthermoreaninvestigationof the number of words used

from the paper system 12 months earligmather than any
subsets of the data.

Comparing Risk Resolutions Documented with the Applica-
tion and the Paper Forms

We investigatedhe expert novelty and usefulness ratinfis
the 20 selectedesolutionsto risks documentedwith the
application andthe 20 selected resolutionslocumented
with the papesystem A MannWhitney testrevealedthat
the usefulness ratisgvere greater for the risk resolutions
documentedwith the application(Mdn=5) than with the
papersystem (Mdn=3&), U=2371, p<0.0001. Thimdicat-
ed that the analysts rated the risk resolutioleeumented
with the application to be more useful. A Mawthitney
test alsorevealedthat the novelty ratings wemgreater for
the risk resolutionsdocumented with the application
(Mdn=4) than with the papeystem (Mdn=2.5 U=1975,
p<0.0001, indicating that the analysts also ratesl risk
resolutionsdocumentedwith the application to be more
novel. Based orthe specializedittle-c creativity definition
adopted in thigesearchthe selected risk resolutions that

to describehe 20 risk resolutions documented with Risk
Hunting applicationthat wereratedby the expertgor nov-

elty and usefulnessas undertaken, Spearman Rank Co
relaion revealedthat the expertgated resolutions with
more words as more novel, r=.338, p<0.005, but notemor
useful, £.205, p>.05. Thisassociation indicated thatme
ployeeswho usedthe applicattn usedmore words to é-
scribemore novel risk resolutions, at least for some of the
risk resolutions

Employee rols in the plantppeared to have little effegh
the differences in thenumbers of words used to document
risk resolutionsFor example, lte 9 healthandsafety ca-
tains andadvisos documeted risk resolutions withmears

of almost 33 words peaesolution withtheapplicdion and8
per resolutioron the paper formsrhe 6 assembly operators
documentedisk resolutions withmears of almost 20 words
per risk resolution with the application and 3 per resolution
on the paper formsSimilar results were found for other
employee roles the 33 employees documented risk regol
tions with more wordsusing theRisk Hunting application,

were generated with the application were more creativeregardless of their role.

Therefore,the risk and resolution descriptions werea-an
lyzed further,to discoverpossible reasonfor the higher
novelty and usefulness ratings attributeaherisk resou-
tionsdocumentedavith the Risk Hunting application.

An analysis othe meansand ranges ot word lengths of
all risk descriptions and resolutiodscumented by them-
ployeesin both usage period®vealedthat applicatioruse
was associated withisk resolutionsthat weredescribed
with more wordssee Table 1An unpaired {test revealed
no dgnificant difference in the numbers of words written to
describe each risk with the applicatiorMdn=14.5,
PD=7.5) and with the papesystem KMdn=11, SD=15.7)
conditions; t=0.721, p&23 Thisindicatedthat application
use was not associated wihangesn the number of words
usedto describe risksHowever,there wasa significant
difference in the numbers of wordsedto describe each
risk resolution with the applicatioM@n=21.5, SD=24.12)
and with the papesystem Mdn=4, SD=6.0) conditions;
t=10.26708, p<0.00M1). Rsk resolutions documented with
the application wereescribed withmore wordsthan reso-
lutionsthat weredocumenteavith the papesystem

A content analysis of afisk resolutiors generated with the
application and the paper systeevealed3 possiblefactors
that might have influenced thégherword countsandnov-
elty and usefulnessatings of the isk resolutions dag¢
mented with theRisk Hunting application. The first had
already beerdentified by theplant’s management team
many of the resolutionsdocumented on the paper forms
only recommended doing the opposite of the risluse
such ago not leave parts on the units or takingsimple &-
tions such asbring to attention of operative at fault. The
employees used fewer words to dése these types of se
olution. A second relatedfactor was that23 of the119
risks documented othe paperforms had no resolutionat
all, i.e.thesepaper forms werenconmplete, whereaall 115
of therisks documented with the application hadeaol-
tion. Unlike the paper forms,he applicdon validated
whether aesolution descriptiohadbeengenerategrior to
saving the new riskandemployees wereequiredto entera
risk resolutiondescriptionprior to being able tcsave then
shareit. A third factor was that over half 60 of the risk
resolutions documented with the applicatioemcorporated
at least onadea stemtext string that had beemenerated



automaticallyby the application’scomputational services
Typical examples of these resolutionswere make the boxes
move and adjust - area needs to be moved around to insure
all boxes are situated within the lines, and make the pump
more flexible; make parts or all of the pump move and ad-
just; consider a hoist either mechanical or electric to lift
out and replace pump. Both examples demonstrate the
structure of many of the rislesolutiors —the original ida
stem text, followed byan extensiorof it to describe how
resolve the original risk. As sucthe inclusion of thesilea
stem textsappearedot onlyto cortribute to theresolution
word length but also provide@vidence thathe employees
used thecreative cluedo generate risk resolutionkat the
risk analysts rated as more nqwvahd used this clue content

(Mdn=41.5, SD=23.7); t=8.200626, p<0.0@1)conditions
indicating thatemployees documented risk resolutiovith
more wordsafter accessing at least otechmique There-
fore, the risk resolutions documented after employese-
cessed the differemtreativitytechniqus were investigated.

Only 2 risk resolutions were documentaffer only acces-
ing theideas from superheroes technique andneitherreso-
lution revealed evidence of superhero powers, for example:
operator stock to be delivered direct to workstation thus
avoiding any necessity to move the hubs and avoid travel
across moving line. Moving line to be made safe by keeping
floor even and covering line wheels... keep all foot traffic
fromwalking across line.

to communicate resolutions to managers and team leader©f the other 66 risk resolutiombcumented after accessing

Therefore the research tearanalyzedthe applicationlog
datafor associations beteenthe access tdhe 3different
creativity techniques artie documented resolutians

Creativity Technique Use

The log dataanalysis revealethe numbers ofisk resolu-
tions documentedfter employeeccesdo creativity ted-
niquesin the same sessioResultsof this analysisand the
mears of the numbers of words of each setrisk resol-
tionsidentified in this analysisaresummarizedn Table 2

Creativity technique(s) accessed Number of | Mean numbers of
risk resolu- words in risk
tions resolutions
None of the techniques 47 12

Ideas from superheroes only 2
Ideas from new risk only 27
Ideas from previous risks only 15
Ideas from new and previous risks 21
All 3 techniques 3

28
35
34
51
79

Table 2 Risk resolutions generated \th the application after
accesgo different creativity techniques in the application

Of the 115 risks47 weredocumentedvithout the emply-
ee accessing any creativity technigOee example of these
resolutiors was re-instruct drivers of safety protocols, for
the risk buggy driver not wearing safety glasses, was wear-
ing the on top of head whilst driving. An unpaired test
revealed a significant difference in the numbers ofdso
written to describe each of the 47 risks with theliappon
(Mdn=11, SD=6.34) and with tle paper systemMdn=4,
SD5.99) conditions t=5.818, p<0.0001. This indicatellat,
when the application was usedly as adigital version of
the paper form, employeedocumentedrisk resolutions
with more words. Given the limited space availablettom
form shown in Figure [lthis result was not surprising.

These47 risk resdution descriptios werethencomparedo
the 68risk resolution descriptions documented atiarem-
ployeeaccessedt least one ofhe application’screativty
technique in a sessioAn unpaired-test revealed signif-

a creativity technique60 includedidea stem textstrings
from the automatically generatedeative clus. The use of
these clues appeared to be importdot the generation of
resolutions that were mommpleteand more creativeOf
these,27 risk resolutionavere documented aftenly ac-
cessing thedeas from new risk techniquethat presented
only creative clue listsAn exampleof one of these resolu-
tions was:make the boxes move and adjust - area needs to
be moved around to insure all boxes are situated within the
lines. Again, many of thes@7 containedthe original idea
stem text followed byan extensiorthat described howo
solve the specifiaisk. Another 15 of the risk resolutims
were documented aftemly accessinghe ideas from pre-
vious risks technique The researctieam received no e-
ports about irrelevanprevious risks being retrieved by the
application andat least some athe risk resolutionscon-
tained evidenceof contenttransferreddirectly from preu-
ous resolutions For example to resolve therisk: Tyres
leaning possibility of falling and of rolling downhill, colli-
sion with vehicle or pedestrian, the application retrieved the
previous resoldion: DeRooy to enforce fitting of straps,
then documentedthe new resolution DeRooy to enforce
fitting of straps; remove something from the stacks; balance
the stacks with something else; Make sure tyres are stacked
straight and not on edge of a hill. Using concrete poles in
centre of tyres. Like many of the 15,his resolutioncon-
tainedelemens of the retrieved risk resolutiomnd creative
clues generated from information about thasolution
within theideas from previous risks techniques- elements
thatappearedo contributeto the noveltyof the resolutions.

Furthermore, @aother 21 risk resolutionswere generated
after accessingoth theideas from new risk andthe ideas
from previous risks techniques and described wittmore
words than the resolutions generated after accegasig
oneof thetechnique —a mean ob1 wordsper resolution
An exampleof one of these more detailedsolutiors was
replace something mechanical in the roof with something
that is sensory - mechanical aid to lift the roofs from pack-

cant difference in the numbers of words to describe eachyging: remove something from the roof - how about the roof

risk resolution documented withouti{in=12.5, SD=6.34)
and with access tat least one oftreativity technique

coming in designated racking without packaging; make the
roof cheap and disposable - maybe not the roof but the



packaging, so that the roof does not need to be lifted off.

Moreover the most detailedisk resolutions which were
reportedearlier in the papeweredocumentedhfter acces-

ing all 3 creativity techniques- the 2reported earliewere
73 and 129vordseach. The analysimdicaied that access
to more creativity techniques was associateith more
creative clueand resolutiortontent

CONCLUSION, DISCUSSION AND FUTURE WORK

The aalyses otherisks and resolutions documentedthg
plant’'semployeesevealedassociation®f the Risk Hunting
application usewith resolution completeness, novelty and
usefulnessUnlike with the paper forms, use of the apafic
tion was associated with all risks having documented-res
lutions, and these resolutiomgere documented with more
words than theoneson the paper formdJse of both the
applicdion’s creativestem textand more than one creadtiv
ty technique werassociated with risk resolutions that were
described with more words, and this increase imtiraber

of words to descrile each risk resolutiorcorrelated with
expert ratings for greater restihn novelty. @mpared with
risk resolutionghat weredocumengd one year earliewith
the paper systemthe risk resolutionslocumentedvith the
application were rated hysk analystso bebothmore nw-

el and more usefullo answethe 2 research quéisns:

RQ1: Risk resolutions generateldy andwith the digital
supportwere raed to be more novel and usefohln
risk resolutions generated with the papgtem
Using word count aa surrogatdor resolutioncom-
pletenessrisk resolutions generatdry andwith the
digital supportweremore complete than risk resel
tions generated with the papsrstem.

RQ2:

Overall, theresultsfrom the evaluatiomevealed that digital
support forrisk managemenwith creativity techniquesvas
more effectivehan a triedandtestedpaper process without
this suport In particular, enployeewillingness touseau-
tofill creative recommendins contributed taisk resol-
tionsthatweremorecreativeand more complete

Threats tothe conclusionvalidity of the evaluationresults
concernedelations betweetheintrodudion of the applie-

tion andthe different reportedoutcomes [2J The reported
increases in theompleteness, usefulness and noveltthef
generatedisk resolutiongnight also havebeeninfluenced
by othercreative actiities, howevenonewereavailable to

risk resolution. dwever th@ extensive qalitative can-
ments reportedat lengthin a sister paper3p], did not e-
veal other motivations for application use apart from resolv-
ing risks in novel and useful wayBhreatsto internal vald-
ity were influences that could have affected independent
variables relatetio causality.Onesuchthreat wagressure
from the managemenandresearch teasto use the appli-
caion, however,employeesvere allowedto usethe paper
forms without penalty andonly 2 research tearsite visits
took placeduring the usage periodhreats tothe external
validity of the resultsvere conditions that limited our abi
ity to generalize results the evaluatiortook place in just
one plant ovejust 66 workdayswith 33 employeesand the
novelty and usefulness ratings waisout just 40 of the 234
risk resolutios by just 4 risk analysts fronone organis-
tion. To offset thisthreat we are currentlysetting upthe
Risk Hunting applicationin a second CNH Industrial plant
asoutlined below.

The findings informed refinementsof the Risk Hunting ap-
plication. Access to the most populateas from new risk
technique was prioritized, to encouratguse Not only did
this techniqueequire fewer interaction® use, but also the
automatically generated creativdues referenced objects
and actions extracteflom the current risirather than e-
trieved previous risks and thismight have reduced cogn
tive effort needed by employees to useTihe little-used
ideas from superheroes technique was removed, and inte
action with the application was simplified amdade re-
sponsivefor useon web browsers on desktop computers on
the production lines andin offices and on large
touchscreens posithed throughout the plant. This latter
changewasmadeto increaséoth access to the appligan
and employeeconfidencewith it, andfrom the summer of
2016,the applicationbecamethe primary tool for capturing
risks and resolution descriptioasross theplant, replacing
the paper formsThis digitization of the risk resolution pro-
cessthenofferedthe plant othecapabilties,such ago vis-
ualize risksthrough time in orderto monitorrisk trajeco-
ries. Furthermorea new version of the application, called
the Caccia al Rischio, is beingrolled outfor use inoneltal-
ian manufacturingolant of CNH Industrial The 3 compua-
tional serviceswere extended withautomated language
translation sericesto enable the applicatiolo processus-
ing Englishsemanticsvith Italian language inputs.

the employeesThe decision to use word counts rather than Thefindingsalsoprovided insights into supportfor creative
semantic content analyses to measure resolution camplet thinking in noncreative domainsCreativity supporttools
ness was another risk, but the plant management still conshouldafford pain-free search aneéxplordion [10]. Results

sidered it a good indicator of a complete resolutdther
threas arose fromdifferences in thelatagtsfrom both -

suggest that th&isk Hunting applicaton affords these be-
havioursby manipulatingwritten natural languagiatdoes

riods that generateal possible bias towards employees who not require user trainingJse of he automatically generated

selected to use the applicm. However, both sets hadim-

creative cluesndidea stem textvere also importanOne

ilar ratios of captaingnd other roles, and employees had implication is that, in domains where users have not been

the same motivations to use thgplication and paper forms
in both periodsIndeed, onemportant potential threatto
conclusion validitywas employeeintentiors — that they

trained to have creative skills, the machine will neednto u
dertale creativereasoning Indeed this reasoningenabled
the employeedo benot only more creativebut alsomore

were not seekng to generate more creative and complete productivein the risk resolution proces&mployees were



alsoable toresolve riskanore thoroughly and quickhky an
important wirwin scenaio that might have influenced the
uptake and use of the digital support.
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