Chapter Five

Loss of Control Event (LCE) investigations

Billy said,' nan pull aboet up a bunnerd time, onetimehefall down thebank. Jus happen likethat’. ' Jus happen like that?
Inchebe repested scornfully, 'tell me oneting, you soso clever. Why it happen this partikkler nar ni n?

Barry Unsworth. (1992). Sacred Hunger.



5.1 Introduction

Theaimsof the study reported in this chapter were to:
i. Develop asuitableinvestigativemethod for the analysisof quadbike L CE on
New Zealand farms
ii. ldentifyrisk factorsfor L CE and their interactions
iii. Identify potential interventions that would reduce the incidence and/or
severity of quadbike-related L CE on New Zealand farms.

An ancillary aim was to a so compare the characteristics of the LCE on New Zedland
farms with those reported in North Americato assesswhether or not the practice of

transferring intervention ideas between the two was supported by the evidence bases.

Theliterature review and epidemiological study reported in the previouschapters
provided a gross perspective on the scale and direct costs of quadbike L CE on farms.
These studies al so offered broad indicators as to the nature and context of the events.
From the findings of these earlier chapters, and theincident-independent data
presented in Chapter Four, it was concluded that the contexts of use and patterns of
incidents differed too much between New Zealand and North Americafor the
adoption of interventionswithout more detailed investigation of the specific events
on New Zealand farms.

Theresearch reported in this chapter is therefore a nationwidestudy of incident-
centred investigations (n=156) conducted in 2002, on 53 farms spread through 13 of
the 15 censusregionsof New Zealand. A systems approach was adopted, and the
resulting method drew from a number of relevant areas of theincident investigation
literature notably: dips, trips & falls, road traffic and aviation. Scale models of
guadbikesand common implements were used to assist the subjectsin recalling and
explaining event sequencesin theLCE. Detailsof the events, risk factorsand
potential interventions were captured on a hybrid event sequencechart that was
developed as part of thisstudy.



Previousstudiesin New Zealand on quadbike L ossof Control Event (LCE) had been
limited to postal or telephone surveys (OSH, 1998), or had not included task factors
relating to the event (Brown, 1998). Brown's 1992 research in Southland published
six yearslater, had aso been based on achecklist of 57 predeterminedfactors
derived from a previous, unpublished study by the author.

This study therefore sought to investigatecontemporary quadbike-related LCE
scenariosand potential interventionsin-situ, within thework system, and without
pre-determined factor categoriesor category limits. Specifically, by identifying
patternsin LCE, with respect to rider/individual factors (employment status,
exposure, age and sex distribution, injuries by type and body region, degree of
isolation at the time); temporal factors (time of day, time of year); terrain/ground
factors and task-related factors (task/activity immediately preceding the incident,
ancillary implementsin use, injury agency); injury mechanisms, event sequencesand
risk factorsfor major activity categoriesand seriousinjury L CE cases.

Potentia interventions devel oped during the study are discussed. Firstly, the study

considersinterventionsthat apply pre-L CE (primary), followed by those acting
during L CE (secondary) or post-L CE (tertiary).

177



5.2 Background and theoretical approach

It iswidely agreed in theliteraturethat events such as quadbike off-road LCE
generally involveacomplex variety of interacting factors at multiplelevels
(Hollnagel, 2005). Thisapproach of addressing the system as acompleteentity has
been well established as a pragmatic responseto reductionismfor at least three
decades (Beishon & Peters, 1972).

Interactive models of injury causation see the human as an imperfect processor of
informationin continual interaction with their environment (Slappendel, 1995,
p.240). An epidemiological approach, as adopted in Chapter Three, providesa
useful country-wideoverview of scaleand cost, basic descriptivedataand in some
cases broad indicatorsof the event mechanisms(Bentley & Haslam, 2006), but
intrinsically lackscrucia detail about both the environment and theinteractions.

Theaimof thisincident-centred study was thereforeto gain an understanding of the
nature and context of quadbike L CE on farms, together with potential interventions,
throughinvestigating specific eventswith their unique setsof interacting risk factors.

Theliterature review revealed no singleexisting method that would servethis
purpose. In particular, it was noted that there waslittle published material on
incident investigation methodsfor off-road activitiesor for caseswhere the
Investigation was conducted some weeks or months after theincident. The method
developedin thisresearch, therefore, built on a number of established techniquesand
models, modified by findings from researchin related fields. The preparationfor this
aspect of the study included areview of issuesin event recall and potential
investigativetechniquesin related disciplines, not only viatheliteraturebut aso
through personal interviews with practitionersin air accident investigation at New
Zealand Civil Aviation, and the Royal New Zealand Air Force. Thefollowing
sectionis adiscussion on pertinent recall issues together with contributing incident
Investigation techniquesand models.



5.2.1 Causation theories

"Theidentification of causesis very much a perceptual process... guided by hisor
her own frame of reference... [whichis] constructed through exposureto policy
statements, practical experience and formal theories of accident causation™
(Slappendel, 1995). The use of agreed theoretical structurestherefore providesa
more consistent framework and perspectivefor investigationsthan relying solely on
the professional homogeneity of the researchers.

A widearray of causation theoriesand models has been proposed during the last
century. Some, such as the Pure Chance Theory — described by one practitionerin
the USA as''not so much atheory as a system wesknessinitself', have been
discredited. The strategy of smply weeding out those appearing to be 'Accident
Prone' hasbeen similarly found wanting; Kletz (1990), for example, pointed out the
fundamental weaknessesin the statistical arguments used to support this principle.

This section containsa brief discussion on those with some bearing on this study of
quadbike L CE on New Zedand farms; either as potentially useful method
components, or for historical context.

5211 The Domino Theory

Although other theories had been widely proposed prior to Heinrich's (1941) 'Five
Factorsin the Accident Sequence’ Domino Theory, thiswasthefirst that had a
substantial impact on New Zealand industry (Slappendel, 1995). Accordingto this
theory, accidents (domino four) and the subsequent injuries(dominofive) come
about as result of domino one - Ancestry (inherited traits) or Social Environment
(bad company); domino two — Fault of the Person (recklessness, violent temper,
ignoranceetc); domino three - the Commiting of Unsafe Acts or the Presenced a
Mechanical or Physical Hazard (horseplay, standing under |oads, remova of guards,
etc).
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Heinrich’s view wasthat not much was to be gained by managerslooking for
underlying causes, asthey had little opportunity to influencefactorsoutside the
workplace. The Unsafe Acts should be the focus, he suggested, and supported this
by the reportingin the 1959 edition of a single study of 75,000 incident casesfrom
insurance records and company documentation. This suggested that 88% of all these
could have been avoided by preventing the unsafe actsof persons, and a further 10%
by addressing unsafe conditions. Slappende (1995, p. 218) notesthat hisanalysis
recognised multiplefactorsto be present in some cases, but that thesefindingswere
overlooked, with only asingleimmediate cause reported.

Between 1958 and 1974 the Domino Theory was taught in New Zealand using the
Lateiner Method of Accident Control for Supervision, and over 26,000 people
attended. Perhaps due to the simplicity with which the domino theory places the onus
for change precisaly where management are most comfortablewithit — on
supervisors and the supervised, aspectsof Heinrich's work have remained popularin
somecircles. Nearly haf acentury later the '88% unsafe acts figure (rounded to
85:15) is still being quoted by behaviour-basedtraining organisationsin Newv
Zealand.

The terms unsafe acts, and unsafe conditionsal so survived and continue to be used
on the incident report form in many workplaceseven today. Brown (1990), an OSH
ingpector from Southland, in hisstudy of ATV incidentsnoted that their usein
Department of Labour investigationsat that time resulted in thefailure to identify
even aminority of the possiblefactorsinvolved, gave no indication of the underlying
reasonsfor the worker's actions, and lead to a preoccupation with possible
mechanical causes. His study recommendedthe use of asimplified version of
Accident Review Tree Trunk Method as used at the local sméelter in Bluff, which
identified essentialfactors — without which theinjury would not have been sustained,
and al so the contributingfactors. With this method, thesefactors are still, however,
recorded as individua contributors- rather than as part of an interactingset.



Thisanaysis method was still in favour (personal communication) at ACC amongst
Agricultureinjury prevention staff at the commencement of these quadbike studiesin
2002.

5.2.1.1.1 I nternational Loss Control | ngtitute (ILCI) Loss Causation Mode
Also known colloquialy in New Zealand asthe New or Updated Domino Theory,
the ILCI model was introduced in the 1970sand built on thework of Heinrich. The
five dominosremained, but the model addressesa weaknessof the origina with

Lack of Management Control replacing Ancestry asthe underlying causeon thefirst
domino. Multiplefactorsfor individual events, rather than singleimmediate causes,
are also recorded - under thetitles of either human factorsor job factors. However,
as Slappendel (1995. 228) pointsout, this separation of thefactors still dismantlesthe

elementsof the event, discarding, the possibly critical, interactions.

5212 Epidemiological models

Developed originally for applicationsin infectious disease control, the
epidemiological model considersan equilibriumaf three elements. host (the human),
the agent (the disease) and theenvironment (biological, social and physical). Change
inany one of thethree will increaseor decrease the incidenceof the disease. When

applied to vehicleincidents the agent isreplaced by the term energy exchange.

Of specific relevanceto this study of off-road vehicleincidentsisthe work of
epidemiologist and Public Health Physician William (Bill) Haddon. His paperson
injury prevention have proved influential and continue to be widely cited (Baltimore,
2002). Hiswork (1968) presented a basic matrix for plotting potentially modifiable
factorsasshownin Table 5.1 for pre-crash, in-crash or post-crash phasesof road
trafficincidents.

Table 5.1 Basic Haddon matrix
Environment
Vehicle
Human
Pre-crash | In-crash | Post-crash
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Haddon developed the matrix further (Haddon, 1970; Haddon, 1972) adding to and
modifying the categoriesin the vertical axisto alow the capturing of agreater
variety of risk factorsand potential countermeasures. He and other epidemiologists
countered criticisms of their high-level approach by asserting that a detailed
knowledge of the event mechanisms was not needed for interventiondesign; injury
prevention activity could be 'decoupled’ from afull understanding of the processes
of causation (Slappendel, 1995). Thiswasto be achieved by the placing of

'defences  between host and agent. Haddon used the example of insulation and
guardson el ectrical componentsthat prevent el ectrocution irrespective of the reasons
why people cameinto contact with them. The Haddon ‘10 CountermeasuresList’

(1973) shown in Table 5.2 summarised his strategiesfor placing such defences.

Table5.2 Haddon 10 Countermeasureslist

. Prevent marshallingof initial form of energy.

- h
s . Reduce amount of energy marshalled.

Prevent release of energy.
. Modify rate of atial digribution of energy from its sour ce.

Crash

. Separate them by material barrier.
. Modify the damaging contact surface.
. Strengthen living structur e susceptible to damage.

1
2
3
4
5. Separatein time or spaceener gy released and susceptible sructure.
6
7
8
9

. Moverapidly in detection and evaluation, limit damage extent and spread.

Post-Crash | % 'capilitation.

The Haddon matrix continues to be widely used in modified formsin other spheres
including aviation (O’Hare, Chamers & Scuffham, 2000; Chalmers, David, O’Hare,
McBride, 2000) and road traffic motorcycle accident investigations (Organisation for
Economic Co-operation and Development [OECD], 2001).

The Haddon 10 countermeasureslist could be seen to intimate multiple intervention
possibilitiesat various pointsin the event chain, but that does not appear, however, to
fit with the epidemiological mode. Culvenor (1996) argues for ade-coupled
approach with prevention effortstargeted at the source. A potential weaknessof this
model for quadbike L CE analysis and injury prevention isthat the mode assumes
that thereis dwaysasingleidentifiableSource (rather than aset of interacting
factorsat various system levels), and that it can be acted at without needing to
understand the more distal mechanismsof causation.




5.2.1.3 Human error models

'People make accidents, but or ganisationscausethem'
(Wagenaar, 1998).

By contrast to agriculture, someindustries, including aerospace and petrochemicals,
are reported to have done well in systematically reducing unplanned losses, and
human error modelsare commonly employed in these sectors. Since the 1960s, pilot
fatalities in non-combat situationshave reduced by afactor of 50 (Wiegman &
Shappell, 2003, p. 5), which the authors attribute to various system improvements
including enhanced investigative and predictivetools. Central to this according to
Wiegmann & Shappell, Strauch, (2002) and many others, isthework of Reason,
Wagenaar, Hudson and others (Reason, 1990; Wagenaar, 1990; Wagenaar,
Groeneweg, & Hudson, 1994) which has shifted attention away from the worker and
onto themore distal factors of company policy and management decisions. The
concept of Latent Failure, originally developed for nuclear power systemsand
refined, so to speak, within the oil industry TRIPOD programme (Wagenaar, 1994)
acknowledgestherole of skill or rule-basedfailures(Rasmussen, 1982) at individual
human level, but traces the error-enforcing conditionsfor these back to an
organisational level. Their work startsfrom the assumption that the substandard acts
of individualscan be anticipated and modified by addressing the environmental
conditionsthat elicit these. Wagenaar (1998) believesthat human behaviourin an
occupational setting"is lawful and predictable; not 100%, but to such alargeextent
that it is useful for injury prevention™.

Charlton (2002) explainstheindividual level errorsas being of threetypes. Mistakes
- which are unintentional and due to ignorance; lapses - which are unintentional and
due to people operating 'on automatic'; and violations- which are theintentional
breaking of rulesbecausethey are perceived to 'cost’ too much to obey. He argues
that we should design systemsthat are tolerant of unintentional errors, and not too
‘costly’ to obey.
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The detailed work by Wagenaar, Reason and othersin the oil industry on the
TRIPOD project produced the investigative and predictivetools based on a set of
nine 'generd failuretypes (GFT). Inthefield, thisGFT templateis used in
Investigations (termed a reactive application by the authors) to plot causes, andin a
proactive approach to capture audit data from the organisation and thereby profile
areasof systemweskness. Within a specific industry sector, the authors are satisfied
that theinterplay of thesetwo applicationsof the GFT system over time has resulted
in asystematic, predictive tool with genuine value to management.

There are, however, weaknesses of the GFT system as atool for investigating
quadbike L CE on New Zealand farms. The system wasdevised as atool to providea
safety strategy for a highly regulated, multinational, largely homogenous, intensely
hierarchical industry. The 80,000 farmsin New Zeaand employ on average 1.5
peopleeach and so some conceptual incompatibility isto beexpected. Thereis
certainly potential for the model to be used at agross, industry-widelevel, asa
checklist for identifying long termintervention needs, but at singlefarmlevel it does
not appear sensitiveenough to accommodateeither the wide contextual variety
found, nor therisk factor interactivity.

A survey by Hollnagel in 1993, cited by James Reason in the Foreword to Strauch
(2002), tracked the human factors literaturefor three decades and found that
erroneousindividua actionsaccounted for 20% of incidentsin the 1960s but 80% in
the 1990s. Thisstudy, which was achieved with secondary and tertiary data,
conflicts with other early papers (e.g. Feggetter, 1982) that put the human error
contribution higher, but the authoritativenessof these studies has to be questioned as
well. Reason attributesthe apparent changeto the vast improvementin electronic
and mechanical systemsover thistime, and usesthisas ajudtification for focussing
less on non-human aspectsaf the system. Whilefarming hasindeed enjoyed these
advancesin principle, they may not have had theimpact that they have had in other
industries. Firstly, farm machinesare not custom-designed, replaced as often or
looked after as an aircraft or power generator in a wealthy country would be. There
remains negligiblethird party inspection or regulation as thefindingsin Chapter



Four showed. Whilst productivity per hectare and per worker has risen significantly
in this country, overall human wellbeing on farms here and worldwide has improved
far less. In the USA, Schenker (1996) reportsthat statisticsfor non-fatal cases seen
sincethe 1970sin the other 'hard' industries - mining and construction had
improved, but that agriculture resisted thetrend. In 1996 UK fatalitiesin agriculture
were noted as having remained 'remarkably consistent' (O’Neill, 1999). Agriculture
may not have stood entirely still sincethe 1960s but any gains madein mechanical
assistance and reliability might have been lost through the estimated 40,000 deaths
worldwideeach year now attributed to contact with pesticides(Myers, 1998). On the
basis of thesetrendsit would be unwise to assumethat in New Zealand agriculture
the quadbikesareintrinsically reliable and safe. Agriculturewill aso have under-
represented in Hollnagel's study asthere have been very few such human factors
research papers published - in comparison to those from the military and
multinational -dominatedindustries.

It would be possibleto plot all contributing risk factors found from the L CE around
New Zedland on a GFT graph under the headings (hardware, design, maintenance,
operating procedures, error-enforcing conditions, housekeeping, incompatiblegoals,
communication, organisation), but agreat many would probably be found in an
industry wherethereare few strict operating systems; tasksinvolving quadbikesand
animalson changeableterrain arerarely ‘well-rehearsed routinesor schema
(Wagenaar, 1994). The height of columnsaone would not necessarily assistin
predictingthelikelihood of an LCE. The Failure State Profiling al so does not
identify critical risk factor combinationsor factor interactions.

The pilot work for the current investigationsindicated that vehicleincidentsin a
dynamic environment such as this are very rarely theresult of asingle variable
changing. To quote Loppinet and Aptel (1997), it isnot "'a model wherea (single)
cause producesan effect but [it iswithin] a probability framein which multiple
factorsinterplay, occupational factors, but equally those external to an occupation.”
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The reconstruction of mindset begins not with the mind.
It beginswith the circumstancesin which the mind found itself.
(Dekker, 2003)

Dekker presents an information processing approach to the study of Human Error in
flight systems (Dekker, 2002), which appears relevant to thisstudy of quadbike L CE.
He suggeststhat the investigator needsto gain an understandingof why the
assessments and actionsof the pilots made senseto them at the time, given the
circumstancesthat surrounded them. In none of the ACC quadbike casesreportedin
Chapter Three was there any intimation of intentional self harm, and so we must
assumethat maiming by quadbike is not a popular meansfor thoseinflicting self-
harm. They may have believed their decision to beincreasing risk but they still
didn't believeit would result asit did - or they wouldn't have doneit. AsPerrow
(1999) observes, " patient accident reconstruction revealsthe banality and triviaity
behind most catastrophes.™

5.2.14 Interactive Models

'Becauseevery factor interactsina social system, because every-thing,every property, every relation isthereforein a gate of
mumal dependencewith everything else, ordinary cause-and-effect analysisof eventsisrardy possible.
In fact, it isnearly alwaysgrosdy mideading..'
(L .J.Henderson, from his Sociology 23 Lectures 1941. Publishedin: Barber, 1970.p28)
Ininteractive modelsthe human is seen as an imperfect processor of informationin

continual interaction with their environment (Slappendel, 1995).

Theinteractive model shownin Figure 5.Iwas developed by Slappendel for use by
theforestry industry in New Zealand. It draws on severd earlier interactive modds
including Wigglesworth's Model of Injury Causation (Wigglesworth, 1972, p. 74);
Hae and Glendon's Behaviour in the Face of Danger Modd (Hae & Glendon, 1987,
p. 31); Petersen’'s Accident-Incident Causation Model (Heinrichet d., 1990, p. 49);
and DeJoy’s Human FactorsModd of Workplace Accident Causation (Dejoy, 1990).



Natural factors

Hazard Injury
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error
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* Work methods &

'S

and organisation
e Physical environment

Figure5.1 Model of Injury Causation for Forestry Work.

(Redrawn from Slappendel, 1995, p. 241).

According to Slappendel, the model suggeststhat hazardscan be introducedin three
different ways. Firstly, system or design errorsremotein time or spacefromthe
injury, and which are made by people such as designers and managers. Theseinclude
fundamental weaknessesin the design of the equipment, for example, poor vibration
control in chainsaws, or high management errorsin policy setting or priorities.

The second source of error inthismodel is viacognitivelapses by the operator. The
examplegivenisthat of aworker who noticesbut decidesto leave afallen tree
dangerously lodged against another one (a hang-up) - poised to drop on another
worker at some point. These operator errorsare shown as outputs of thefour
interacting sets of factorsin theWork System. 'The interactioniscritical, aserrors

aremorelikely to occur if thereis amajor mismatch between the components.

A morerecent model proposed by Bentley (submitted) developedfor applications
concerning dip, trip and fal (STF) events and adventuretourism safety analysis, is
showninFigure5.2. Thisbuildsan theinteractive approach of Slappendel and
others but makesexplicit theinformation process ng element derived from the work
of Ramsey (1985), and Hale and Glendon (1987). Importantly, thismodel
acknowledgesthat in workplaceincidents theindividual hasto not only perceivethe
hazard, but also recogniseit as such, formulate an effective plan to avoidit, and have

the ability to executethat plan in the timeavailable. Thisinformation processing
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element isclearly relevant in aquadbike L CE context wherethe attention of the rider
may well be drawn away from the terrain ahead, and subsequent - possibly
catastrophic events, can happen at speed.

Aswith theearlier interactivemodels, a hazardous situation is generated through
interactionsinvolving latent, natural and/or activefactors. Thetwo-way arrows
between the environmental factors and the management factorsindicates the role that
senior staff havein planning for safe operationsthroughout the year, asfar asis
possible, taking into account the predicted extremes of weather. The mode indicates
that in some casestheselargely uncontrollablefactors will lead directly to unsafe
behavioursor actual injury risk irrespectiveof who theindividual is. Presumably the
presenceof black iceon unlit stepsfor example.

Latent Failures Active Failures

Design factors

e environmentaldesign
* plant and equipment [ Exposure o hazardous situation
e activity 1task
» clothing / footwear
e etc
i — hazard perception no —#
Work organisation I LA
Management factors l
e production pressures - &
+ operational decisions Lndtlv:gual — ,|— hazardcognition no —
equipment decisions .a:g: yes
: :g'fgécgjgﬁlemg « fitness / health / vision l
A ¢ perceptual skills
rlfk and safety management . Fr)isk taﬁing tendency | decisiontoavoid no —»l
2 « task-related behaviour yes
7'y e use of equipmentll l
footwear
y etc — ability to avoid no —»
Natural, often relatively yes
uncontrollable factors l
Environmentalfactors AVOID INJURY
*climatic I weather conditions
e outdoor underfoot |—‘
environment » Unsafe behaviour
¢ underfoothazards
e etc

RISK OF STF INJURY

Figure5.2 An information processing model for STFanaysis. Redrawn from

Bentley (submitted)



Thelatent factorsin thismodel also act on the information processing sequence after
initial perception. Having seen and understood a hazard, theindividua may choose
not to avoidit, but instead to takearisk. Theexamplegivenisthedecisionto
proceed to walk quickly on adippery surface, knowingly increasing the risksof a
STF, but judging it an acceptabletrade-off for saving timeor effort. Factorstaken
into account at this point may include 'organisational behaviour-shapingfactors
such asdelivery target times that did not allow for snow and ice on the roads, and
job-and-finish policies (Bentley & Haslam, 2001) that encourage compressionof the
working day.

Slappendel (1995, p. 243) notes that although the ergonomics systems approach has
gained general support in New Zealand, uptake has been less widespread in practice.
Out in thefield, 'almost all senseof interaction (islost) as soon asthey start using
the simple classificationsand tick-box formats. These checklists ostensibly derived
are more user-friendly and requirealower level of operator training — but an
ergonomicssystems approach is effectively abandoned. The gulf between the
theoretical understanding of workplaceincident causality as displayedin the
literature, and the methodsby which industry analysesincidents continuesto grow in
New Zeaand for thelack of suitablefield techniques, Slappendel suggests.
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5.2.2 Problemswith recall of events

"You don't writethetruth, you just write what peoplesay...you don't comeacr ossthe truth that easy.”
Km Luedtke (1998) framthefilm 'Absenceof Malice'.

A limitationin this study is that the quadbike L CE follow-upinvestigations had to be
carried out well after the eventstook place. Thiswas due to the necessary process of
identifying and recruiting subjects via ACC claimantrecords. In many casesthe
LCE was aready two weeks or more old when the person concerned presented &t the
doctor's clinic. Following thiswere several more weeks of claim administration
before the data appeared on the database. The most recent L CE cases provided by
ACC weretherefore two-to-threemonthsold. Thisdelay was not seen as
problematic by someinvolved in the pilot study, for asone serioudy injured farmer
stated "'you don't forget any detailsof something that hurts that much™. The
literature however indicatesthat athough vivid, such impressions may not even be
accurateto start with, and will becomeincreasingly unreliable with time (Baddeley,
1999).

All investigative analyseshowever, whatever the delay, are by definition
retrospective and subject to someloss of recall accuracy or detail aswell asbeing
subject to potential sourcesof bias - such as attribution error, whereby the reasonsfor
individual behaviour are attributed by theinjured person to external (environmental)
factors. Whiledelay minimisation was therefore desirable, not least to maximisethe
presencecof materia evidence, some of the challengesfaced in designing a method
for thisLCE study were aso found in other forms of investigation.
'Remembering is not the re-excitation of innumerablefixed, lifeless and fragmentary traces. Itisan
imaginativereconstruction, or construction built out of the relation of our attitude towards whole
active massor organised past reactionsor experience, and to a little outstanding detail ...It isthus

hardly ever really exact, .. and it isnot at all important that it should be so." Sir Frederick Bartlett
(1961).

From a purely academic point of view the above quote may betrue, but in
courtroomsand at crash scenesit isclearly important that as clear an understanding
of the actua events and contributingfactor interactionsare gained as possible.
Memories of events- what happened where and when - are thought to be stored in
different waysfromfacts. Episodic memory contains our recollectionsabout all the



thingsthat have happenedto usor that we have witnessed, whereas semantic
memory holds basic facts about our knowledgeof the world (Baddeley, 2002;
Tulving, 2002).

Confusionand inflation of details about such eventsare reported to grow stronger
with lapsed time (Garry, Sharman, Wade, Hunt & Smith, 2001); and thisis believed
to beespecialy truefor those subjectswith agood imagination (Garry & Polaschek,
2000). Not only doesdelay reducethelikely accuracy and completenessof the
accountsthat may be obtained though, but it also reducesthe availability of objective
evidencefor triangulation.

Discussionswith Massey University Historians suggest that thereis (surprisingly)
little research activity in recall accuracy in the Oral History field, but psychologists
working with thelegal system have conducted significant amountsof work in the
areacof memory reliability (Loftus, 1996; Loftus & Ketchum, 1991) and bias
specifically related to risk assessment (Moore, 1996).

Thestepsinvolved in compiling and recalling detail sof events according to Loftus &
Ketchum (1991) are shownin Figure 5.3.

Figure5.3 Key stepsin Event Recall (adapted from Loftus & Ketchum, 1991)

Acguisition Retrieval
Original experience Subsequent information
1. Decision | 2. 3. 4. Regenerationof | 5. Response
of whatto | Integrationintoa | Integration of new the altered
look at. representation informationinto an altered | representation
r epresentation
Time
¢ >

Theliterature suggests that there are a number of waysin which inaccuraciescan be
introduced, most notably by starting with an incompleteimpression and subsequently
fillingin the gaps to make a plausible whole when recountinglater. The new, but
inaccurateideas may also be introduced through biasfrom leading questions
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immediately post-event referred to as the Misinformation Effect (Loftus & Ketchum
1991),

"Memoriesdon'tjust fade, asthe old saying would have us believe; they also grow. What fadesis theinitial perception, the
actual experienceof theevents. But every timewerecall an event, we must recongruct the memory, and with each recollection
the memory may be changed - colour ed by succeedingevents, ather peoples’ recollectionsor suggestions, increased
understanding,or a new context." (Loftus & Ketcham, 1991)
Someof thetypes of data neededin this study are particularly likely to be
inaccurately reported. For examplethe naturedf critical surface changesor the
source of visud distraction while riding the quadbike. As Bartlett (1961) notes, to
recall, the subject first hasto have perceived. He suggeststhat theeyes of the
driver/rider are subconscioudy drawn through 'expectation’ towards those parts o
the environment where they believethe most useful informationwill be for
maintaining stability, course setting and detecting obstacles. Where the 'expectation’
iIswrong, or thereis too much to process, recognitionerrors occur — the situationis
wrongly interpreted. Subsequent recall of the event cannot therefore be complete
andtrueasit was not perceived accuratelyin thefirst place. Noy (2001) reports that
inamaor USA study recognitionerrors werefar more prevaent than either
performanceerrors or poor driver decisions, definitely contributed to 41% of all
traffic accidents, and probably involved in 56% . Theimplicationof thisfor quadbike
LCE investigationsisthat cross-verificationof accountsisessential, evenif therider
isconvinced of their accuracy.

5221 Optimising recall

In devel oping the method for the collection of the datafrom thefield, key literature
on memory was thereforereviewed, firstly to gauge the likely source, extent and
nature of theinaccuraciesin recall that should be expected, and secondly to establish
what could be doneto optimise recall. Therewas nothing found in theliterature on
investigationsin the occupational hedth and safety field, but relevant toolsfor
improving the quality of eyewitnessreports appeared to have been well established
inforensic psychology sourcesfor severa years (Geiselman, 1988). Elements of
these methods are now used in applicationsother than the crimina justice systems,
under thetitle Cognitive Interviewing (Memon, Wark, Holley, Bull & Koehnken,
1997).



Site methods to assist with accurate and more complete recall includethe provision
of context-dependent cues (Smith & Vela, 2001). Accordingto Tulving (1983), an
early leader in episodic memory research, memory for material is enhanced when
contextua stimuli encoded a ong with target information are present at retrieva. This
Encoding Specificity principle suggests that surrounding the riders with as many
cues as possible, including smell (Herz, 1997), that were present at the sceneof their
LCE will assist memory retrieval.

The New Zedand Police training resources (New Zedland Police, 1997) includethe
effectsaf shock on recall, for example thelikelihood that those hurt will make
mistakesin their perceptionsof time. The need for corroborationis highlighted,
especialy where what is reported and what the researcher can seedo not 'match up'.
This echoes established conclusionsfrom the Socid Sciences. Webb, Campbell,
Schwartz and Sechrest (1966), argue that multiple methods of investigationincluding
UnobtrusiveMeasures are needed in socia settings. ' Interviews and questionnaires
intrude as aforeign e ement into the socia setting they would describe, they createas
well as measure attitudes, they dlicit atypical responses, they arelimited to those who
are accessibleand will cooperate. But the main objectionisthat they are used done.
Interviews and questionnaires must be supplemented by methodstesting the same
social science variables but having different methodol ogical weaknesses”.

Recent evauation studies on the effectiveness of Cognitive Interviews (Memon et
al., 1997) suggests that the critical featuresaof this group of techniquesare that the
interviewer achieves context reinstatement, usesimagery and encouragesthe subject
to 'report everything — not screening out anything they consider to beirrelevant or of
which they have only partial recal'.

The overall approach adopted therefore was to create a cue-rich situation wherethe
subject had as many access 'routes  to the episodic memory of the events as possible,
utilising the reinstatement effectsof the environmental cues (Smith, 1988). The
multiple route approach would aso, it was hoped, alow sifting of the memory to
revedl falsetracesintroduced post-event that had been integrated and stored asfact
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(Sevelj, 2003) by memory tracetriangulation. The use of the scale quadbike models,
for example, may enable some types of inconsistenciesto betested - 'l thought my
leg was trapped likethis, but it can't have beenif the bikewaslike that’.

Where the weather or other factors made the exact location of the LCE inaccessible
withlossof some environmental context-dependent rel nstatement advantages, the
interview was conducted using menta reinstatement (Smith & Vela, 2001), with the
assistanceof sketches, photos and the scale model props. In these casesthe subjects
were asked to show the researcher a piece of land with similar characteristics. While
not as effective, studies had shown thisto be apractical dternativefor crime scene
investigators under tight time constraintsor where the scene had dtered too

sgnificantly.

Memon et al (1997) also concluded from their research that when rapport and
communi cation were improved between researcher and subject, significant gainsin
information quality can be achieved. In recognition of this, time allowances per
interview were generous so that farm visitsdid not need to berushed and any
hospitality offered to the researcher could be accepted to foster astrong rapport. At
mogt farms the data collection visits actually extended far longer than the subject had
initially agreed to - due to the relationship established.

The proceduresfollowed on site to optimise recall detail and accuracy in the LCE
study include context-reinstatement,the use of props, participative graphic event
charting, and evidencecorroboration, are discussed further in section 5.3
Methodology.



5.3 Methodology

The LCE investigations were undertaken at the samefarms, and during the same
visits as the context studies reported in Chapter 4. The L CE studies were conducted
first where time was limited by weather factors or the availability of the subjects.
Selection of thefarms was based on suitability of the LCE subject, rather than any
criteriarelating to the context study.

531 Sampledesign

No authoritative pre-existing data were availabl e regarding quadbike usage and LCE
on farms. The context study datathat had already been gathered (reportedin the
previouschapter), therefore provided the most comprehensivedescription of farm
quadbike use availableat thetimein New Zedland. The population to be targeted,
sample sizes and regional representation were therefore discussed and agreed, using
this data, in consultation with the Agricultural Industry Health and Safety Council
and Massey University statisticianDr Denny Meyer.

The study samplewas of usersreporting injuries suffered while using quadbikesin
agricultureor horticulture and included: farm owners, employees and working family
members. Contractorswere alsoincluded who, by definition, would probably not
still be working on the same farm on which the L CE had taken place. Despitethe
limitationsthis placed on investigative methods, these were included in the study as
they provide useful insight into a small but growing sub-populationthat are high-risk
dueto factorsdiscussed in Chapter Four, including theintensive quadbike usage,
lack of task variety and requirement to operatein remoteand difficult aress.

New Zealandfarming operations vary significantly, and these are primarily linked to
the climatic zones. Within thissmall country there are sub-tropical, temperate,
alpine and temperaterainforest zones. Regional representationwas critical for face
validity of thestudieswithintheindustry. Thefinal design of regional samplingis
shownin Table5.3.
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Table 5.3 Sampling by regional groupings

Study zone Censusregionsincluded | LCE

1. Upper North Idand Northland, Auckland, Waikato, | 45
Bay of Plenty, Gisborne

2. Lower North Idand Taranaki, Manawatw/Wanganui, | 55
Wdlington, HawkesBay

3. South Idand Canterbury, Otago, Southland, | 56
Tasman, Marlborough

Total | 156

156 L CE casesrepresenting three national study zones were drawn from acombined
sample pool of 724.

Approximately 5% of investigationsattended by the researcher could not be
conducted at al, or could not be completed. Most commonly thiswas dueto the
researcher discovering on arriva a the farm that either the subject was not available
as arranged, or that thefacts of the case were significantly different to theimpression
gained during the screening interview over the telephone. It was common for the
account collected on site to differ markedly from the account provided onthe ACC
records. In some casesthe LCE, asit actualy appeared to have happened once the
subject had relaxed and provided some corroboration, still met the criteria. In others
it did not.

5311 Recruitment

The sampledf 724 casesfrom which thefinal set for investigations was drawvn were
recruited from two sources, the Accident Compensation Corporation (ACC) claims
database and viaa public appeal for subjects through the media

Firstly the ACC database was searched for the period from July 2000 - Sep 2001
using keywordsidentifying claimsinvolving quads. Over athousand (1013) cases
were produced and screened to identify those that listed agricultural or horticultura
occupationsa thetime of theclam. Thisproduced 634 claims. This method was
expected to produce a popul ation within which family members using quadbikes, and
others who farmed as a secondary occupation, were under-represented.



A limitation of relying purely on the ACC databasefor subjects, identifiedin the
findingsof the context study in Chapter Four, was that there appeared to be
reluctance by some self-employedfarmersto register claims with this government
insurance provider. Obtainingincome-linked benefits was reportedly too protracted,
and ultimately unsuccessful, and theinjured partieseither therefore absorbed the cost
or used an aternativeinsurer such as FarmersMutual. Thisgroup might have
thereforebeen serioudy under-representedwithout a secondary source of
recruitment. Also under-representedin the ACC database, but accessible via public
appeal, were those for whom farming was not their stated occupation, such as student
family membersand those with another job away from thefarm. It is quite common
for peoplein New Zealand who are attempting to get establishedin farmingto be
employedfull timeat their primary job but also workingfor at |east 40 hours a week
on their smallholding.

The second recruitment method therefore was via the use of aseriesof 20 press
releasessent to the main local newspapersin each of the 16 regions, leading to
national and local printed media and radio coverage of the quadbike LCE study. The
final number of storiesthis generatedis unknown due to the practice of syndicated
publishing - the press releases were relayed el ectronically over a number of intranet
systems.

The project wasintroducedin thefollowing way. 'We arelooking at why people
come unstuck with quads so much, and what can be done about it - so that other
familiesdon't need to suffer theway that yours have. The wording was devel oped
in conjunction with South Idland Radio Journalist Nadine Porter followingalive
interview on air with the researcher broadcast in the South Canterbury district (FOX
FM Ashburton, 10/10/02). She had found that farming peoplein her region would
most readily come forward and talk about their own problemsif it was going to
achieve something for others.
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Readerswereinvited to call an 0800 (freecall) number and leavetheir detailswith
research secretariesa Forest Research officesin Rotorua. A screeninginterview
was held by telephone within 36 hours, conducted by the researcher. The

I nformation Sheet formed the schedulefor the interview and comprised: introduction
to the study and itsaims, affiliationsof the researcher, relationshipsto the funders
and to Massey University, confidentiaity provision. In addition the potential subject
was aso asked for details on geographical region and recency of the LCE being
reported. Findly, theincident in question was discussed, in order to establish that it
complied. As noted elsawhere, the accounts recorded in the ACCdatararely
matched the verbal descriptions,and in 10-15% of casesbore no resemblance
whatsoever. In total 90 individuals, not included in the ACC dataset, were added to

the pool.

5312 Recency
It was required that subjectshad experienced an L CE within the previoustwo years.

5313 Severity

Minimum severity of injury outcome was not stipulated. Thiswasinfluenced by the
finding during the piloting that inter-persona differencesin reporting were
substantial. An injury considered not worth mentioning by one person maybe very
significant to another. Greater objectivity through triangulation with other sources
(viewing medical records, checking with family membersetc) on the telephonewas
impractical, and indeed the impact of aminor injury could well be far more
significant for asolo operator with no colleagueto call in for occasional assistance.



532 Site procedure

5321 Preliminaries

The subjectswere sent the Information Sheet and Informed Consent form (Appendix
1) in advance. Extracopieswere taken to thesitein cases wherethese had been lost
or misplaced. 1ntwo casesinadequateliteracy to understand the documents
sufficiently was suspected and the sheets were read in full. Onceread through, any
points arising were discussed. Informed consent form was obtained for 100% of the
Investigations; the forms usually being signed at theend of thetimeon site, by which
time trust had been established and the subject knew the nature and extent of thedata
being taken away for anaysis.

5322 Location of investigations

The data collection was carried out on the farms where the riders had been working,
except in four caseswhere the subjects had been specialists or contractors(e.g. weed
and pest control) at thetime. Investigationswere completed on site, and where
conditions permitted, at the exact location wherethe L CE took place. Damageto
machineswasinspected to check consistency with the verba account from the
subject, or if repaired, docketsitemising work were viewed.

5323 Useof modds

Modelsof quadbikes, trailed implements and riders were used with theintention ot
assisting intervieweesto reconstruct the event and to explain visualy to the
researcher the detailed mechanicsof theLCE. Modelsare used by off-road training
specialistsin New Zealand to explain variousriding techniques, risks and safety
practices when conducting quadbike training sessions (demonstratedto the
researchersduring the context studiesreported in Chapter Four). Theliteratureon
the use of modelsin thisway wasfound to be very limited and restricted to thefield
of forensics. There were no referencesfound in the occupational health and safety
literature. However, it was decided to adopt it as an experimental method for this
study due to theinterest shown, and willingnessto use the models, by the
participantsat the quadbike skillstraining sessions.
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Two scalesof model wereused. A smaller 1:32 scale set of quadbike with two

trailed units (Figure 5.4) was commonly used by the subjectsfor recreating event

sequences.

-

Figure5.4 Scale(1:32) modd of Hondauitility quadbike with trailer and trailed
Spreader hopper

A larger 1:24 scalemodel (Figure5.5) with ahighly articul ated figure was used
predominantly for analysing contact events, entrapment configurationsand post-
contact events. Thefigure had swivel movement at the neck, wrist and waist; and
pin joint single axis movement at shoulder, elbow, hip and ankle. Both sets of

models were generally required by the subjects.



Figure5.5 Scale(1:24) model of Yamaha quadbike with articulated rider

Figure 5.6 showsthe 1:24 modelsin use during a reconstruction by an Auckland
farmer. Helost control of the quadbike while descending a slope - which he has
used cardboard to simulate. Thisresultsin the machine being stuck and held upright
on its side amongst soft vegetation and boggy ground at the bottom. Thefabric
representsthe soft matter. Thelegs are awkwardly trapped, one pinned beneath the
machine and the other wedged and injured behind the whed arch. The soft
overgrown conditions holding the quadbike in position, entrapment, and reduced
limb power makesit difficult for him to apply enough forceto roll the machine off.
Being at the base of the slopein undergrowth heis not conspicuousand so in danger
of lying unseenfor longer.



Figure 5.6 Exampleof an LCE reconstruction using models and props, on afarmin
the Auckland region

5324 Useof photography and sketches

Photographs and sketcheswere used to analyse and record event detailsand
sequences. The sketchescould be later directly overlaid onto printsas records.
Figure 5.7 and Figure 5.8 show two event sequence sketchesoverlaid onto actua
photos of theterrain. Thistool was of particular usein cases where the weather was
too bad to stay on the LCE sitefor along enough period of time. Digital photography
alongside sketchesal so permitted input by other family membersand colleagues who
had not accompanied the researcher and subject out to the site, back at thefarm

afterwards, if appropriate.



descend with fa o

Figure5.7 South Idand LCE site with analysisoverlay sketch
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Figure 5.8 North Iand LCE site with analysis overlay sketch

The photographswere essentia for subsequent analysiswith the subjects of terrain.
ground cover vegetation, exposure - remoteness, surface damageby animals,
erosion, track suitability, route alternatives,
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Other sketches were used in conjunction with photographsand samplesto record
distances, vertica heights, slope angles as required, modificationsto the quadbike,
loading practicesand critical task features. Measuring equipment taken to site
comprised: 30m cloth tape, 8m steel tape, 1-100kg mechanical spring scale with
cargo net and two field inclinometers. A tyre depth gauge and 1-20psi pressure
gauge werealso carried for checking quadbike, trailer and other implement whedls.

Mechanical checks were undertaken wherethe condition of the machine had
remained unchanged in critical aspects since the L CE, for example, where the
damaged machine had been stored while awaiting parts. In afew cases, photographs
of the damage had al so been taken for insurance purposes. In either case, this
evidence was triangulated against the other data sourcesfor the LCE. Where no such
material evidencewas available, the machineused in the LCE was still used asa
context dependent memory cue. The researcher requested that the actual machine
was brought to the L CE location wherever possiblefor therider to Sit on and use asa

prop to demonstrate the event sequence and details.

5325 Useof video
Where the movements were complex the explanations were video and audio recorded

for later interpretation- assuming informed consent had been received.

5326 Triangulation of data

Objectivecorroboration in the form of materia evidence was requested wherever
feasible. For example, accountsaf rolloverswere compared to actual machine
damage patterns and injuriesas recorded in workshop invoices and medical papers
held by the subjects. Machine usage estimates were al so checked againgt the
odometer and hobbs (engine hours) clocks on the quadbike. Verification of time of

L CE and time elapsed between an L CE and getting back to base was sought from
otherson thefarm at the time, aswell as diary entriesfor time markersand cues such

asvetsvistsor sock collections.



It wasfound to be important to explain to subjectsthat this was not because the
researcher did not believethem to be telling the truth to the best of their ability, but
that for nofault of their own their version may have departed from fact in ways that
could still be corrected by triangulation of data.
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533 | nvestigation method development

5331 Event charting

Graphic representations of the sequence of events and their causal factors have been
used for decadesin industry, but the literature contained no specific field-based
methods for investigating off-road vehicle-basedinjury incidentsthat could be
adopted and servethe purposein full. Asdiscussed elsewherein thisthesis, the
Primary Industriesgeneraly have not been well-served by ergonomicsresearch
historicaly, but methods have been refined for other industries.

Many graphic methods have fundamental limitations, for example™are deterministic,
causal models developed for technical installations™ (Svedung & Rasmussen, 2002),
which do not incorporate socia and organisational factors. Dekker’s (2002: p 97)
modd from the aviation industry is an exampleof this, in that the analysisencodes
the subjects accountsof an event into afinite set of Human Factors concepts (eg.
Poor Feedback, or, Loss of Mode Awareness) rather than capturing through the use
of multi-level charts, the reasonswhy the wrong decision, or act, made senseto that
person a thetime - in their own language.

A graphicevent investigation method capturing a description of theincidentisthe
Sequenceof Events and Causal Factor chart (Haslam & Bentley, 1999), shownin
Figure5.9.

activity
immediately
precading the
event
walking down foot slips employee ebow hits bruised
steep driveway, | onfrogy _| stumbles pebbled elbowand
preparing mail pebble(set 7| andfallsto surface twisted calf
for next ddivery in paving) ground followed muscles
point by hip

fall initiatingevent contact event injury event

Figure5.9 Example sequenceadf eventschart (redrawnfrom Haslam and Bentley,
1999)



In addition to recording the sequence of events, the method plotsidentified
contributing factorsat their point of interaction in the sequence, including
information processingfailures. It aso notes the possible organi sational influences
that may underlying problemsto address. Thefull chart is shownin Figure5.10

Ineffectivesystem for hazard
reporting and control

[No training in skills for safe
practice / organisational -based

| Absence of trainingin
injury preventior/,-ssfe

|
i
et

|motivation to rush techniques
B — ey
|
Baiediiniae e ta st | v
separating mail for delivery
point from bundle )
i fall-safe’ techniques
not used

Avoidablehazard: not
activity reported after previous
immediately non-injury trips
precaedingthe
event
walkingon path Ly foottrips Ankleturns Lp| Knees and Twisted
to front door - .| on broken » ad .| hands »| ankle and
separatingmail pavingslab employee contact bruisd
for address (3cm falls paving knee

protrusion) forward stone
fall initiatingevent contact event injury event

Broken paving not
repaired by householder

KEY

D Accident event

Q Contributory factor

| Possibleorganisationa
| influence

Figure5.10 Exampleevents and causd factorschart (adapted from Haslam and
Bentley, 1999)

The Haslam and Bentley chart shown in Figure 5.10 was modified for the quadbike
application by extending the sequence of events to also cover the post-injury phase.
Lack of prompt medica helpisacritica featurein many remote areaLCE.



5.3.3.2 Event charting and analysisdesign

Understandingwhy someny peopledieon theroadways exch year dependson marehen ( l}lggéuea)i/ nteacionsbet ?522,‘15&%5
Svedung & Rasmussen argue that for a socio-technical context, a cross-disciplinary
approach is needed, reflected in a vertically oriented, predictive model for the
particular work system. Their vertically oriented model reflects the presence of risk
managersoperating individually and interactively at all levelsin thesystem. Thisis
appropriatefor quadbike usein farming where risk management isinfluenced at
many levelsincluding: theindividual rider, the supplier, thefarm owner,
educators/trainers, the media, farming lobby groups, the Department of Labour,
Industry Regulators and Government Ministers.

The event investigation method adopted centred on capturing a description of the
LCE on a Sequence of Eventsand Causal Factor chart, based on work by Haslam
and Bentley (1999). The Haslam and Bentley chart shown in Figure 5.10 was used
for work on dlips, trips and falls with the British Royd Mail delivery service. It was
modified (Figure 5.11) for the quadbike application by extending the sequence of
eventsto cover the post-injury phase as well.

Therationalefor this modification to the Haslam and Bentley chart isthat quadbike
LCEin New Zealand generally occur off road and often in remote locations where
post-event factors can have a very marked impact on final outcomes. Therider isin
most cases alone at the time without anyone to provideimmediate assistance, and
with the trend towards reduced staffing levelson farmsit may well take longer
beforethey are missed and asearch initiated. Dueto remotenessand hilliness of
terrain, mobiletelephone or radio communications may also be unavailableor
unaffordablefor al or partsof the property. Therecan, therefore, be considerable
delaysin getting helpto the event siteif the personis trapped or otherwiseincapable
of getting back without help. These delays can obviously make the outcomes of
injury events considerably worse, and/or the rehabilitation period longer.



Themost critical factor contributingto survival after acrashisthet i ne it takesto get the driver to theemergency room.
(Redelmeier & Tibshirani, 1997)
Critical post-injury events can alsoincludeinjuries being aggravated by the worker
endeavouringto continueto work, by attemptsto make their way back to base

unaided, or by failing to make their own way back in time.

Of the 15 ATV -reated fatalitieson New Zedland farmsin the two yearsfrom June
2000, OSH concluded that: one wasfrom a head injury, one from impact with atrain,
four loosely defined as 'from rollovers and eight were from being crushed/ pinned
[including resultingin drowning] by the quadbike. Head injuriesare morelikely to
result from being thrown forward at some speed rather than from being crushedin
dower rollovers, and so in up to 80% of these fatalitiespost-event entrapment
exacerbating crushing/pinning damage could have been important elements. The
road traffic literaturerecently reviewed (Lee, 2006: 207) indicatesthat ‘the most
critical factor contributing to surviving after acrash isthetimeit takesto get to the
emergency room." Thereis no reason to assumethat off-road crash victims are any
lesssensitiveto delay.

The Haslam and Bentley chart was therefore extended (Figure5.11) to cover this
critical period between theinjury event taking place and medical stabilisation.

activity

immediately

preceding the

event

Riding aong Wheel Quad Torso Broken ribs Trapped for Moved to

overgrown track dropsimto lurches. crushed and 2hours helicopter

checkinganimals holehidden throttle between crushing then found landing site

and state of by long Jarms epen. quad and calf by on deck of

repair of fence grass rolls to side ground. leg workmate trailer
pinned

LCE nitiatingevents contact event injury post injury events

Figure5.11 Modified chart (sequence boxesonly) with example data showing post-
injury events

A second modification was the formal inclusion of the Why?Why?Why? prompts
on the chart template used on site. Thistechniqueto pressthelineof enquiry to
several stagesremoved from theimmediate causal factor wasidentifiedin theair
accident investigation literature (Zotov, 1999, p 296) asa useful field aid, and was
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trialed during pilot studies on three sitesin the Bay of Plenty. Zotov suggeststhat
the WHY question should be posed at |east five timesfor each line of enquiry in
aviation, but in the arguably shallower systemsof owner-operator farms, three
repetitions proved consistently workablein revealing | atent organi sational
contributory factors. The device wasfound helpful as most ridersin the pilot
volunteered underlying organisational reasonsfor day to day things going wrong
when the issues were within their personal control, but not when beyondit. Matters
deemed unchangeablewere not analysed in the same depth. Beinginterested in the
recording process though, and what was being recorded, the subjects generally
watched closely as the event chart was being drawn, and therefore noticed the gaps
which they then discussed. In helping to complete theform, critical thinking about
topics normally accepted as 'givens was prompted to the necessary consistent depth
for underlyingfactorsto be plotted.

Thefinal versionof the modified chart used for thisresearchisshownin Figure5.12

No agreed set of routes 10 be ! NG Tegal Tequirement for i} [Reduced staffing on farm, Iess | |
used around the farm, ad hoc iregular inspectons (WOL / reason to notice someone
Why? |forming of new tracks 1 IMOT) | failing to return on time Why?

\ 1

No systematic farm
maintenance plan for all
quads

Not the usual route taken.
so track not worn or
monitored for new holes

No mobile phone

coverage, no backup plan
for checking on staff

Why?

Poorly maintained throttle
cable, not anticipated by

Erosion hole caused by Couldn’t eet guad off, no

dn’t gef guad off, no

Why? M;glminaga hidden by rider — not his machine means to call for help Why?
210"
activity
immediately
preceding the
event
Riding along Wheel Quad Broken ribs Trapped for Moved to
track checking drops into lurches, and 6 hours helicopter
animals and state hole throttle crushing to then found landing site
of repair of fence jams open, calf by o deck of
rolls to side workmate trailer
LCE initiating events contact event injury post imjury events

KEY

| Possible organisational
! influence

contributor yfacter

Accident event

Figure5.12 Event and Causal Factorschart for quadbike L CE (example) fina
version



Examples of completed event chartswith accompanyingcontext study notesfor three
individual mustering, spraying and fencing-related LCE areincluded in Appendix
m.

Theinvestigation method provided a workably systematic framework for discussing,
anaysing and recording eventsand the factors behind these. The participativere-
examination of the eventsalowed pre-existing causal schema(Lehane& Stubbs,
2006) to be reviewed and confirmation biasreduced. The structured gpproach aso
drew out important information that was so obviousto the respondent that they may
well have omitted to mention it.

"...the experienced al highly developed sciences shows that theclear, explicit formulation o ‘the obvious andits
incorporationin thesystematictrestment of a subject i sboth necessary and very convenient. Weare al liableto neglect, or
overlook, or forget such things, especialy when wewish to, and aboved | when weso wish unconsciously’.

(L.J. Henderson, framhis Sociology 23 Lectures 1941. Publishedin: Barber, 1970. p62)
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534 I nter vention development

534.1 I ntervention devel opment approach

Asexplainedin Chapter One, the development of pragmatic potential interventions
was not only desirable from the point of view of the research funders, but was aso
found to be essential to the method in that it gave meaning to the exercisein theeyes
of the participants - without which their cooperation could not have been gained.
Likewise, the support of thefarming press and local radio wasintegral to the method,
and this could not have won without acohesive (‘what's the problem, and more
importantly, what can we do about it”) approach that made senseto both the
journalistsand their audiences. Dialoguewasinitiated with many usersduring the
main industry consultation phaseof the context study, continuing throughout the
research period - and beyond, asillustrated in Figure 5.13.

Chapter 1
* Problem analysis
* Background history

Chapter 2
e Main lit review Literaturemonitoring Update lit review

Chapter 3 (Aim 1)
¢ Epidemiological
study

Chapter 4 (Aim 2)
e Context study (industry consultation) e Context study (on-farm)

Iterative intervention development(Aim 5) I

Chapter5 (Aims 3, 4,& 5)
¢ | CE Investigations

Time

Figure5.13 Sequential progressionof studies

Table 5.4 summarisesthe main areas of interventioninterest of the primary groups
involvedin theiterativedevelopment of theintervention matrix described later. Due
to therelatively high national profileof thisresearch and therefore the potential
weight of influence that it was thought the published final report may carry, it was
not difficult to establish and maintain dial ogue with the variousinterested partieson
the potential intervention recommendationsthat might emerge.



Table5.4 Sourcesand main areasof interventioninterest

System Leve and Sour ces

Main areasof interventioninter est

Government agencies and Regulatory bodies
e ACC
e (OSH

Design specification control through
import regulation

o StatisticsNew Zealand e National level surveillance
e Licensingand regulation
Non-Governmental Organisations
e AGITO e Reporting and surveillance
o Federated Farmers e  Community-wideinitiatives
e New Zedand Council of TradeUnions(NZCTU) | e Employment termsand conditions
o SafeKids e Usahilityin design for the youthsand
e  Overseascounterparts elderly
e FarmSafe e Training needs and successes
e New Zedand Qudification Authority e Regulation of usethroughlaw
Social environment
e ACCand OSH local taff e Changemanagementin rura
e  Family members communities, implementation
e Farm Discussion Groups approaches
e  FarmSafe trainingsession attendees e Work organisation
e Local Trade Union organisers e  Stress, interpersona and psycho-social
e Media journalists, editors, producers o Fatigue
e Induction trainingand supervision
Organisation
e Farmowners/ managers o  Cost-benefit based educational
e Farm Discussion Groups resources
Machine enhancements
Physica environment management

Corporate
e Importers/ dealers e New productsto sell asadditionsto the
e Manufacturersof accessoriesand appliances existingsystems
e Locamechanics Skillsand maintenancetraining
e Persona ProtectiveEquipment (PPE) designers Competency screening

and retailers Warnings
Riders
e Individua users e New products
e Individua farm userswho havehad LCE butnot | ¢  Modifications

included in the LCE study e New vehicle concepts

Individual farm staff choosing not to use quads e Intuitive and counter-intuitive features

Farmers who use quadsfor work but also for e Communicationsfor ridersto base

recreation and/or competitive racing e  Better suited storage/stowage systems

e Farm visitorsand other infrequent users
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Thefollowingisan example of atypica contribution from afarmer in responseto
articlesasking for comment on potentia interventionsin the later stages of the

consultation.

Dear Dave,

Havi ng read the articlesin FannersWeekly.. | have been fortunate to survive unscathed five
ATV rolloverscaused by hidden holesin March pasture.

Thefirst reactionto animpending rellover isto put your foot downand push, then as the
weight overpowersyour strength, | have schooled myself and othersto dip (and)roll, mov(ing)
rearwards and downhill. My generation of 'no safety cabsontractors wereall told anyonetrying to

escapeuphill dies.

My concernisthe new practice of a rail and filledin areawide of the foot area, shutting off
the opportunityto plant the foot, diminishing the ability to escape. This could betested by controlled
rollovers. At 76 | now elect to carry ina knapsack sprayer as | recognise my reduced ability.

Adg cantmotivator for some subjects was the passionate desireto see matters
improve, and many therefore came forward in order to get their ideas listened to by
someone who they perceived to be in aposition to influence change. Thetoned the
interviews on the farms was therefore a positiveone with smilarities to underlying
principlesof Appreciativelnquiry methods (Cooperrider & Whitney, 2000) such as
the Principle of Simultaneity whereby inquiry and change are smultaneous. The
focus was on building on strengthsof the current systems‘'what works rather than
solely ‘criticism, negation and spiralling diagnoss.

534.2 Stepped iteration design

Theoretically, fact-finding in professional fieldsis completed prior to any design
conclusionsbeing drawn (Moore, 1996). In practicethisisrarely if ever the case,
and certainly for these series of studies, delaying the start of thisaspect of the
research was neither desirable (for reasons as explained above) nor affordable. The
enthudifm of the industry to see positivechanges needed to be harnessed through
use of amethod that allowed ideasto be captured at any stagefor later analysisand
testing. There were also not the resourcesto make additional visitstod| thefarms
subsequently to develop interventions, nor could multiple visits to the subjects have
been attempted without excessiveerosion of goodwill. In addition, there were
certain unequivocal and complex intervention areas, such asimproving the stability
of quadbikesduring mustering, that had emerged from the earliest stages of the
studies, and on which protracted and careful consultation was needed to develop
workable countermeasuresthat did not have unwanted and 'unexpected

consequences (Lee, 2006).



5343 [ ntervention matrix

The potentia interventions devel opediteratively over the course of the studies were
captured on aframework shownin Table5.5 This usesthe well-known Pre-Crash,
Crash, Post-Crashmatrix by Haddon (1999) first published in 1968 and still
influential in injury prevention (Runyan, 2006). Added to Haddon’s original human,
vehicleand environment categories are the more distal Government and Regulatory
categoriesused by Rasmussen (1997) to depict risk factor interactionsfor driving
safety "'in adynamic society.”

For the purposesof thisquadbike L CE study the categoriesof organisationand social
environment have al so been added reflecting likelihood of latent failures (Reason,
1990; Wagenaar, 1998;) to emerge from theselevelsin a population dominated by
family-run businesses. Thefina additionisthat of Cargo, fromHaddon (1972). The
farm quadbike carries both live and dead load, which may generate or moderate risk
factors. Thefinal version hasaclear vertical orientation as suggested by Svedung &
Rasmussen (2002) and seen in graphical methods of socio-technical system event

capture and analysis such as AcciMap.

Table5.5 Intervention matrix

Level

Government

Regulatory environment

Social environment

Organisation

Physical environment

Cargo
Machine
Rider
Pre-I.CE | L.CE Post-LCE
Event sequence >
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5344 [terative refinement

Interventionsthat had relevance to the situation in hand were discussed at each farm.
The matrix was added to and existing interventionideas refined participatively with
these subjects.

At research project reporting points, the matrix contents were also reviewed by the
stakeholdersgroup. Complex technical matters such as changes to the design of
spray tanks were subject to further consultation over anumber of stageswith the
relevant manufacturers, other users and specific industry bodies such as Standards
New Zealand.

During the project, feedback on the more advanced potential interventionswas also
sought from the wider farming community through the popular farming media

5345 Consultation on farm-specific action plans

Thefinal packageof interventionswas discussed formally in afacilitated session
with a Farm Discussion Group in the Catlins district of Southland in September
2003. Itisoneof 600 such groupsin New Zealand, covering the whole country.
Theaim wasto collect datafrom thefield on how to most effectively use the matrix
contentsto help formulate customised action plansfor individual farmsthat built
upon the strengths of the existing systems and addressed the weaknesses.

13 farmers (representing 40%c0f all farmsin the catchment areafor that Discussion
Group) took part in the session which comprised discussion on thefindings of the
studies, and also theinterventions matrix. A 13-pageinformation pack was provided
to the participantsgiving a summary of findingsand list of the draft interventions.
Theresearcher also provided props (Sinclair, 2005) — quadbike and rider models,
articlesof quadbike PPE, photographsof vehicle types, etc which proved invaluable
for members demonstrating points and alsofor stimulating detailed discussion
relevant to the agenda without M oderator guidance. The researcher prepared the
agendaand acted as moderator to balance contributions, but in both casesthe
sessionswere Chaired by the group member hosting the event — asisdesirablefor



thesegroups (Hadlarn, 2003) as it allowed the researcher to act as scribe. Audio
recording was not appropriatein theinformal but commercially sensitive atmosphere
of these meetings.

Five volunteer farms a so subsequently provided draft action plan dataon pro-forma
sheets prepared for the session and returned these to the researcher. Thefindings of
the session were anal ysed and conclusionsincorporatedinto both the format of the

intervention lists and the recommendationsfor further research.
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54 Findings

In this section, individual rider characteristicsarefirstly discussed, followed by
temporal factors, terrain/ground factors, task-rel ated factors, event sequencesand
risk factors. An interactive, information processing model is proposed for the
analysisof quadbike LCE onfarms. Finaly, findingson potential interventionsare
outlined.

Seriousinjury isdefined for the purposesof thisstudy as any: head injury, fracture,
injury resulting in hospitalisation, or injury resulting in some other loss of function
which significantly diminished farm performance. Some 37 of the LCE investigated
resulted in injurieswere thus classified as serious.



5.4.1 Rider/individual factors

Thefollowing findings describe the characteristics of quadbike-related LCE,
specifically: employment status, age and sex distribution, isolation, injury types.

5411 Employment Status

Table 5.6 presentsacomparison of employment status between al ridersidentified
on farms and those reporting arecent LCE. Working farmersare over representedin
comparison to family members, and to alesser degree, employees. Doing lessrisky
tasks or under less pressure may be factorsin thelow incidenceof LCE amongst
family members (26% of riders but only 6% of LCE).

Table5.6 Employment statusof quadbike users

Status Al quadbike userson  LCE subjects Seriousinjury
thefarmsstudied LCE

Farmers 54 4% 45 70% 27 13%

Family 31 26% 4 6%

members

Employees 29 24% 10 16% 7 19%

Contractors 3 3% 3 5% 3 8%

Other 3 3% 2 3%

Tota 119 64 37

54.1.2 Exposureto risk

Average hours per week on the quad throughout the year in comparisonto the busiest
weeks during the year, are shown in table 5.7. Nineteen caseswere excluded through
insufficient verification being available (logbooks, timesheets, etc) to objectively
support these estimates.

Those reporting recent L CE are not significantly (x> = 0.53, df=3, p < 0.05level)

heavier usersof quadbikes normally during the year than those not reporting LCE.
However, asthe Table shows, they are spending on average 60% more time on the
quadbikesthan the others on their farmsat the busiest times. Thisincreasefor the

L CE subject groupis a highly significant increase, in comparison to both their annua
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averageexposure(y’ = 18.35, df=4, p S0.01 level), and also to the Other Riders
group (3 = 14.3. df=4, p S0.01 level) at their busy times.

Table5.7 Hoursof quadbike use per week

Status Mean hoursriding Mean maximum hours ridden per week
per week - estimates  at busiest times

LCE subjects 10.5 hrs (range 1-40)  20.1 hrs(range 1-50)
(n=53)

All otherriders 7.7 hrs(range 1-40)  12.3 hrs(range 1-50)
on thesefarms
(n=47)

When expressed as a percentagein graph form (Figure 5.14) the extreme deviation of
the LCE subjectsat their busy timesis evident.

Longer hours of use per week may increaserisk smply by the proportional increase
inexposure. It isalso possblethat the natureof the work at these busy times
(lambing/ calving) and the fatigueassociated is significant — increasing the level of

risk per hour. Further specific study is required.

f o E)thers -
Maximum
B LCEsubjects -
‘ Maximum
'O LCEsubjects - |
‘ Normal hours

' O Others = Normal
hours

Hours per week

Figure5.14 Hoursof quadbike use (exposure) per week, by percentage



Three contractors wereincluded in the sample. Their exposure hours, verified by
documentation and testimony from the farms concerned, werevery high, averaging
just under 50 aweek. Farmers, and to alesser degree employees, generally have
sgnificant variety in their daily dutiesfor much of the year — or at least the
opportunity for variety. By contrast, contractors are entering theindustry as
specidist service providers and may be workingintensively on asmall rangedf tasks
on many different propertieswithin agiven season. The contractorsin this study
were all heavily engaged in spraying, which, as has been discussed earlier,isa
hazardousactivity. Contractorsadd to therisksby using bigger capacity fluid tanks
to get the job donefaster, and therefore also buy heavier more powerful quadsto
handletheextraload. In the result of arollover seriousinjury isthereforemore
likely.

5413 Gender

The epidemiol ogical data reported in Chapter Three indicated under-representation
of adult women in the ACC claimsdata. Thiswasechoed in thefindingsfor this
study. Table 5.8 showsthe male/female split of those having seriousinjuriesasa
percentagedf thetota rider population. Femalesfeatured in lessthan onein ten of
the LCE (8%) and the seriousinjury cases (8%) but comprised over aquarter of the
quadbike riding population on the case study farms. Thisis significant (x* = 8.92,
df=1, p50.025levd).

Table5.8 Gender of rider

Al quadbike users  LCEsubjects  Serious
on thefarms studied injury LCE

Males 71% (n=84) 92% (n=59) 92% (n=34)

Femaes 2% (n=295) 8% (n=5) 8% (n=3)
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5414 Age and experience

The ACC dataindicated a peak of injuriesin the 41-50 age group. Thefindingsfrom
the on-siteinvestigationsin this study were largely consistent with this. Table5.9
showsthe age, experienceand peak workloadsof all reported userson thefarmsin

comparison to those L CE subjectsincurringthe seriousinjuries.

Those getting seriously hurt are older. This group may al so be doing more quadbike
work at busy times. Thisfits with acommon description given anecdotally by
subjectswhen asked for their impression of the highest risk overall group. Family
men, past 40 and with considerableand varied responsibilities on the property; too
much to do, too much on their mind and with abody that will not react asfast or
withstand heavy contact asit did when they were younger.

At the outset of the study it was suggested within industry that inexperienceon
specific farms may be the main reason for injury from L CE. The findingsdo not
support that however. Inlessthan 10% of investigations was inexperience suggested
as acontributingfactor, and the experienceof riderswith quadbikeswas not found to
be a significant predictor of seriousinjury.

Table5.9 Age and experienceof al riders and those being seriously injured

All quadbike Seriousinjury LCE
userson thefarms

Mean ageof subjects  40.7 464

Yearsof experienceon 135 13.6

quadbikes




54.15 Injuries by typesand body region

Inthe ACC datareported in Chapter Three, injuries were most frequently located at

the knee and lower back. Other high-frequency body part regionswere the shoulder

and chest, both of whichinvolved arelatively high proportionof fracturesor

didocations.

Injury sitesto the body in thisstudy are shownin Table 5.10. The patternfor al

L CE echoesthat of the ACC datawith a high incidenceof lower limb cases.

Table5.10 Body region by injury typesfor al LCE (n=156)

Body region Strain/sprain ~ Cutsand Fractureor Totd

% (n) grazing dislocation %

% (n) % (n)

Multiple 42 (66) 38 (59) 0 80
minor injuries
Lower limb 14 (22) 2(3) 4 (6) 20
Chest 6 (9) 1(2) 305 10
Back 4(6) 1(1) 5(7) 10
Upper limb 4(6) 1(2) 1(2) 6
and shoulder
Head/neck 4 (6) 1(2) 1(1) 6
Tota 74 (115) 44 (69) 14 (21) 132%

“* Moret han 100% due to cases of multipleinjuries

Table5.11 showsthat in the more severe outcomes, over haf of specificinjuries

relateto thelower limbsor chest.

Table5.11 Serious LCE injuries by body region (n=37)

Body region %
Lower limb 33
Chest 27
Back 16
Upper limb and shoulder 16
Head/neck 16
Multiple - unspecified 14
Total 122"

“* Moret han 100 dueto a number of injuriesinvolvingtwo or more specified regions
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These findings haveimplicationsfor the design of secondary safety systems and
personal protective equipment (PPE). The practiceof fitting bullbars and other
tubular meta structuresto the machinein order to protect the quadbike from damage
may well be increasing point-load damageto ridersin roll-overs. Handlebarsand
display consolessmilarly act to increase potentia for rider injury, especialy at the
chest. Interventionstargeted at reducing crushing potential, in thesetwo regionsin
particular, appear warranted.

5416 |solation

The findings from the context study reported in Chapter Four suggest that
increasingly farm-work is being donein isolation dueto greater mechanisation,
increased labour costs and smaller profits, which together combineto reduce
numbersof employed staff. Thiscould impact on quadbike safety as riders may lack
ass stance with tasks that warrant two people, and may be waiting alot longer for
helpif trapped or incapacitated after aL CE. It could be reasonably be expected
thereforethat a higher proportion of the seriousinjurieswould occur in isolated
Stuations— by comparison to those L CE with less seriousinjury outcomes.
Interestingly, the findings of thisstudy did not support that however, as shown in
Table5.12.

Table5.12 Working in isolation and severity of injury

All LCE Seriousinjury LCE

% %
Working alone 76 73
Not alone 24 27

Total 100 100




5.4.2 Temporal and seasonal factors

54.2.1 Timeof day

Figure5.15 showstemporal peaksin LCE reporting at late morning and mid
afternoon. The 50 cases where the specific hour of the event could not be recalled or
calculated confidently through other lines of evidence have been omitted from this

anaysis.

25

LCE

Time of Day

‘l Allinjury events B Serious Iﬁjury events |

Figure 5.15 LCE by severity and time of day

Theinterpretationof thesefindingsdrew on the understanding of the systems gained
during the context study. The peaksare at the timeswhen New Zealand farmersare
predominantly getting ready to go, or are going, homefor lunch; and similarly in the
afternoon when they may be going back to base for the afternoon break, or for the
second milking. Lunchtime centreson the period 12.30 - Ipm traditionally on New
Zedland farms, and thisis adhered to with remarkabl e consi stency across the country
despitechangesin household and labour structure. It is possible that recall was

higher wherethe event waslinked to another tempora marker such as lunch.



Circadian influencesand patterns of eating and drinking may be further factorsas
thereare similaritiesto findingsfrom previous studiesin New Zedand primary
industries. A spikein reported logging injury incidencein the hour before the main
break of the day has been noted recently (Bentley & Parker, 2001; Parker et d.,
2002). Contributingfactorsin thiscase were suspected to befatigue (Kirk &
Paterson, 1996), and dehydration (Bateset d., 2001).

5422 Timeof year

Figure5.16 showsthat the pattern of LCE throughout the year is similar to that found
in the ACC data (Chapter Three, figure3.2). Thereisadip in winter and peaks of
incidencesin the calving/lambing time centred on September and during the high
summe.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Time of year

'm All LCE m Serious injury LCE
‘ ‘

Figure5.16 Lossof Control Eventsby severity and timeof year

Farmingisobvioudy avery seasonal industry, with activity intensification occurring
during crop harvesting for horticulturalists,and calving / lambing on livestock

fattening and dairy farms. September was the peak month for calving and lambing at
thetimedf the study, athough commercia incentives have now brought thisforward
to August and in some places July. Horticultural harvesting periodsvary alot

depending on the crop (ranging from late spring to autumn), and quadbikes are rarely
used in horticulturein comparison to stock-based operations. Only 3% of the LCE in



the study are from the horticultural sector. Seasonal effectsfrom this sector on
quadbike L CEin this study can therefore be discounted.

The September spikein incidencefor dl LCE, and the L CE with seriousinjury
outcomesby month of incidence, isin line with these seasonal activity patterns, but
the pronounced January spikeisnot. Thecontext study revealed anumber of factors
that may contribute to thisintriguing finding.

Quadbikes work best in soft conditions where the contact area between tyre and
ground is high. They will loosetraction moreeasily on hard ground, especialy if the
surface has been made dick by a shower or lush growth. Thedry weather also turns
soft malleableridgesinto hard ruts that do not conform under tyre pressure. In 15 of
the 33 LCE casesthese hard, rutted, or slick conditions were identified asamajor
factor in theloss of traction leading to the LCE.

January isthe also main holiday month for familiesin New Zealand with schools,
universitiesand many workplacesclosed for all or much of it. Morefamily visitors
are present on farmsas well asfill-in staff such as students covering for those on
holiday. Inexperienceor unfamiliarity with the machine wasfound to be afactor in
six of the 33 casesthat month.

In four cases, the activity immediately preceding the January L CE was weed control.
Thisinherently hazardous activity can only be carried out only in dry settled
conditions, in order to minimise spray drift and maximiseplant uptake. January and
February are' the most suitable months of the year for this.
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543 Terrain/ground factors

5431 Ground conditions

Over hdf of al LCE take place on hard ground as shown in Figure 5.16. Adding
together all on hard ground - both those with dry and wet surfaces- it can be seen
that only about a third take placein the muddy wet slippery conditionsthat would
prove the more problematic for heavier vehiclessuch asfarm utility (pick-up) trucks.

601 m % of all LCE

50 s 'm % of Serious injury|

Dry & hard. | Soft or ‘Wet or lush Not stated.
muddy. but hard
underneath.

Ground Conditions

Figure5.16 All LCE and those resulting in seriousinjuriesby ground conditions



5432 Terrain

Although less quadbike L CE occur on theflatter land overal — in linewith popular
expectation, a much higher proportion of thosethat do occur hereresult in serious
injury, asshownin Figure5.17. Thus55% of LCE on flat-undulating-rolling terrain
resulted in seriousinjury, as opposed to only 18-19% of those LCE taking place on

steeper ground.
| 60 T = Eee - A L
| mAILCE
501 Rt i ) o
L Serious injury events
[ 1

LCE count

|
Flat, undulating or Strongly rollingor  Steep or very l
rolling moderately steep steep i

\

Terrain type

Figure5.17 All LCE and those resulting in seriousinjuries by terrain type

Factorsrelevant to this certainly include a greater likelihood of entrapment (see
5.3.6.4) for riders not on steep dopes, as without gravity to assist them the machine
isfar harder to roll off injured body parts. Further study isrequiredto investigate
possi ble rel ationshi ps between: terrain type and task, steepnessdf terrain and speed
a thetimed LCE, and also potentialy reduced perceptionsof risk for riders when
operating on less dangerous-looking ground.

In four casesthe absence of an effectivepark braketo use on the dopewas

specifically cited asthe primary factor, either throughits' failingto hold the
machine, or the brake not being applied at all asit was known to be unreliable.
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5.4.4 Task-rdated factors

5441 Activity immediately preceding theincident

Table5.13 showsthetask being undertakenimmediately preceding the LCE.
Stockwork-related tasks are the most common. The second largest category is

mi scellaneous, which while uninformativein atable, reflectsthe very wide diversity
of task applicationswhere L CE involving quadbikeson farmstake place. Other
tasks such asfeeding out, fencing and spraying, which involve very heavy loadsfor
suchlight vehicles, featurefar less.

Twenty four percent of LCE (37 out of 156) resulted in seriousinjury on average, but
going to and from tasks produced a higher incidence. Interacting factorsin these
transiting casesincluded the opportunity for higher speeds, unpredicted surface
changes such aserosion and ridges at track edges, and divided attention during the

journey.

Table5.13 Activity immediately preceding theincident

Activity Total Proportion of each activity
resultingin seriousinjur
% (n) g . jury
Stockwork (mustering, catching, 37 (58 22%
checking)
Miscellaneous(includes: hunting,use 22 (33) 18%

by visitors, testing new quadbikes)

Going to or from stockwork 8 (13) 54%
Spraying or goingto or fromspraying 6 (10) 20%
I nspection tasks 6 (10) 10%
Fencework [moving, repairing] or 6 (10) 10%
going to or from

Going to or frominspection 5 (6) 33%
Contractor work (spraying, pest control, 3 (5) 60%
soil testing)

Spreading, rush cutting, rolling, 3 (5) 20%
harrowing, firewood hauling

Going to or from feeding out 5 “4) 25%
Feeding out 1 (2) 0%

Tota 100% (156)




When partially collapsed to allow direct comparison with the context study findings
on primary use of the quadbikes, it can be seen (Table 5.14) that no specific task
groupisover-representedin the L CE — assuming primacy is areasonableindicator of
exposuretime. It suggeststhat despite some tasks such as spraying having clear
additional risk factors associated, primacylexposuretimeto the task may be the most
significant variablefor overall LCE incidence by task.

Table5.14 Activity preceding LCE, in comparisonto primary use of the quadbikes

Activity LCE Context
study study
% %

Stockwork (mustering, catching, checking), going to or from 45 53

stockwork

Miscellaneoususe: inspection, hunting, use by visitors, 33 217

testing new quadbikes.

Spraying or going to or from spraying 6 6

Fencework (moving, repairing) or going to or from fencing 6 )

Minor jobs: pest control, soil testing, spreading, rush cutting, 6 5

rolling, harrowing, firewood hauling

Feeding out | going to or from feeding out 4

Total 100 100

It was widely suggested, or implied, during the context study that quadbike LCE
were only aproblem on hills. Analysiswas therefore conducted on the attitude of the
machines at thetimeof the LCE. For each task type, Table 5.15 indicates whether
the quadbike was going up, down, traversing sideways across the slope or moving

aongon alevd.

The table showsthat 39% of the stockwork-related LCE take place on relatively flat
ground rather than during the ascending, descending or traversing of steeper slopes—
as might be expected. When cornering hard in amongst stock, ruts afew inchesdeep
are enough to destabilise the machineif therider's attentionis elsewhere and they
have not anticipated it. Greater speed and divided attention are also commonly at
play in this scenario set - as previoudly discussedin 5.3.3.2. This, combined with the
elevated risk of seriousinjury if trapped under the quadbike, makes operation

amongst animals on benign-looking country especially hazardous.
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As might be expected, descent appears more problematicfor riders using quadsfor
fencing duelargely to the very heavy loads of materialspulledin trailers. Traversing
isidentified more often for spraying where un-baffled tanks allow de-stabilisingfluid

surgesto the sides.

Table5.15 Attitudeof quadbike travel a timeof LCE - by task

Activity Attitudeof travel

Leve Ascent Traverse Descent Total
(m=60) (n=34) (=24) (n=38) %

% % % %
Stockwork (n=71) 39 23 14 24 100
Miscellaneous(n=33) 59 24 3 14 100
Spraying (n=10) 30 10 40 20 100
| nspection tasks (n=16) 4 31 31 31 100
Fencework (n=10) 10 20 10 60 100
Contractor work (n=5) 60 40 0 0 100
Spreading, rush cutting, rolling, 60 0 20 20 100

harrowing, firewood hauling (n=5)
Goingto or fromfeedingout (n=6) 33.3 0 33.3 33.3 100




54.4.2 Ancillary implementsattached during the LCE

In 28% (n=44) of thetotal 156 L CE casesthere was atrailer or other towed
implement attached to the quadbike at thetime. By contrast, only 0.6% of the ACC
casesof LCE reportedin the epidemiological study in Chapter Three were recorded
asinvolving trailed implements. Thiswill be partly dueto the restrictionson ACC
narrativetext entry which precludesmuch of the detail. Thereare aso no systematic

prompts for ancillary equipment on the claimsform.

Table5.16 Showsthat seriousinjury resulted in 18% (n=8) of the LCE wherean
implement was involved, which whileless than the averageincidence of serious
LCE, isnot statistically significant (at 0.05). Therefore, whiletrailerscertainly
increase the potentia risk of LCE in certain circumstances such as descent, they have
probably not increased or decreased theincidence of seriousinjury LCEinthis

study.

Table5.16 Implementsin use during an LCE - by task

Activity LCEwith  SeriousLCE with
implement implement attached
n % _(n)

Stockwork 16 25% (4)

Spraying 10 20% (2

Fencework 6 0

Spreading, rush cutting, 5 20% (1)

rolling, harrowing, firewood

hauling

Miscellaneous 2 0

Inspection tasks 1 0

Going toor fromfeedingout 3 33% (1)

Total 44 18% (8)

Eighty seven percent of thefarmsvisited in the context study reported in Chapter
Four used alight trailer behind their quadbike(s). A trailer was also the most
common implement (n=33) drawn behind a quadbike in the 44 L CE shown above.
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The most common scenariosinvolving theselight trailersare shown in Figure 5.18.
Over half occurred while climbing, descending or traversing hillswherethe extra
load and altered dynamicsresulted in critical loss of traction, and recovery was
impaired by the jacknifing of thetrailer.

Theridersreported that the inability to reverse straight with atrailer on reducestheir
options once they find themselves getting into difficulty on the hills. The weight on
the towbar, and absence of independent trailer braking, can also makeit virtually
Impossibleto detach when on a steeply angled slope. With trailer attached they are
lesslikely to be ableto get off and drag the nose of the machine around to face
downhill - acommon techniquewith lighter machines caught side-on on steep
sidlings.

Chasing stock
with trailer
attached Other
leading to 9%
jacknife / Going uphill,
6% | lost traction,

Extra width of o slid back,
the trailer leads jacknifed, rolled

to LCE 38%
13%

Load shifted in Going down or
trailer across the hill,
6% lost traction,
slid back,
jacknifed, rolled
28%

Figure5.18 LCE scenariosinvolving trailers (n=33)



5443 Injury agency

In 30 casestheinjured party couldn't positively identify injury agenciesdueto the
speed of theincident and the disorientation experienced at thetime, and there was no
means of deducing thisfrom other data sources. The specific part of the quadbike
most commonly identified positively as contacting the body was the handlebars
(n=13). Figure5.19 showsthe most common injury agencies reported.

Fence,
gate, debris
or other, 6, .
Bike, 21 e
» &4 4% )
15% 2, 1%

. Ground, 68,
48%

Ground and
bike - crush,
45, 32%

Figure5.19 Most common injury agencies(n=122)
Of noteisthat thetype of incident common on North American wooded trails where

therider isthrown into objects - rocks, treesetc (45%) (Legare, 2002), isfar less
common in this study (4%).
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545 Events
In this section, the basic features of the sequencesaf al LCE eventsare analysed.

5451 Event sequences

In 96% of the L CE the machinewas being ridden a thetime. Infour of the
remaining Six casesinvestigated, the machinemoved after the rider had got off, (for
examplethrough failure of the parking park when on ahill) causing therider to chase
and attempt to regain control. In thefinal two cases, the user had dismountedleaving
the engine still running and was walking the machine up or across asteep hillside
blipping thethrottle. Thisisarecognised techniqueas working the throttle while
walking on the uphill side makestipping lesslikely and gives useful leverage
through the handlebars onto the uphill tyres. Whilegenerdly safer than actualy
being astrideit on such marginal terrain, riderscan get injured by being dragged if
clothing snags on the machine, and through legs being struck by the machine.

Figure 5.20 shows ataxonomy of L CE sequencesfor those 96% where the machine
was being ridden immediately prior to theincident, and thenrolled. Thiscompares
directly to the taxonomy Figure 3.4 in Chapter 3 but differsin that a Post Event
column has been added, indicating for example whether or not help was close at
hand. Of particular note hereis that the quadbikes were reported as much more
likely to overba ance (69%) than smply slide on al four wheels (7%)as control is
lost.

Of theralls, onein six (n=15) resulted in entrapment. Therefore, in 43% (n=56) of
the 130 LCE in the study where the rider clearly reported specificinjuries, and an
even higher percentage of the seriousinjury LCE, involved the rider being struck by,
or crushed against the ground, by the machine.

Therider aso clearly needsto be self reliant and capable of raising the alarmin cases
wherethey areincapacitated by their injuries. In only around a quarter to one third
of caseswas help on hand to promptly assist theinjured person after arollover.
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546 Risk factors
In this section the risk factors are analysed by major task groupings.

5461 Risk factorsin LCE involving animals

A large proportion—just under half of al the LCE investigated - involved working
with animalsin someway. Figure5.21 showsataxonomy of L CE involving animals
- based on the event charts. The number of total casesis greater than the 58 listed
under Stockwork in Table5.13 (ActivitiesImmediately Precedingthe Event). This
Isdueto animalsbeing influential in a number of the events coded under different
Activities. For example, in one such case a quadbike rider out mowing grasson a
road verge briefly ceased cutting to give chaseto a cow that had got out throughthe
fence. The machinehit a concealed branch in the un-mown grass causing a LCE.

Thetaxonomy presentation uses a graphic format to show the cross-tabul ated
combinations. Thisis similar to a method used by Burgess-Limerick (2006). The
coding categories were not pre-structured but evolved during the analysis, described
by Burgess-Limerickassimilar in approach to that of the constant comparative
coding method of Glaser & Strauss (1967).

It shows the sub-task and the principle waysin which the animal sinfluenced the
LCE; for example, by digging up theriding surface or inducing fatigue through the
long work hoursrequired at calving and lambing times.
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The abovetaxonomy is a useful device for describing sequencesof events,
immediaterisk factors such asfatigue and indicating certain activefailures such as
choosing to use the quadbike rather than the dog to chase sheep. However, it does
not offer perspectiveon the distal decisions and factors that influenced those
sequencesof events - thelatent risk factors, the personal characteristicsof therider
and his/her information processing before, during and after the LCE.

Figure5.22 shows an interactive and information processing model of quadbike LCE
on farms devel oped using the findings from this study, and building on the work by
Bentley (submitted), Slappendel (1995) and others, discussed earlier in thischapter.

Accordingto thismodel, two extracategoriesof Latent Failure are acting distally on
the LCE scenarios, firstly extra-organisational influenceson theindustry such as
regulations and state-enforced employment conditions. And, secondly personal
decisions(effectively small-scale management matters) that can have significant long
term consequences, for example, the decision to take on a second waged jobin
addition to their work at thefarm.

Natural environmental factors are taken into account not only at a planning (latent)
level, but also on adaily (active) basis. A shower of rain or darkness, for example,
will influence activefailurefactorsand also post-injury factors.

A further development of the model i stherecognition that for quadbike L CE the
hazardoussituations comprise not one hazard, but aflow of multiple hazardsbeing
dealt with simultaneoudly. For example, arider with passenger carrying out athree
point turn on a steep mountain track with abig drop on one side and a steep bank on
theother. The operator perceivesand understands several hazardsincluding: the
drop off, the bank behind that could tip the quadbike, the movement of large skittish
animalsnearby, the hot engine parts that could bum, and the exposed whedl arches
that could trap feet.



Sequencesof interacting hazardsare also found in these quadbike LCE. For
example, thedestabilising of the machineby hitting an unpredicted surface change
(USC), but the rider then not being ableto regain full control due to thelayout and
detailing of the controls. Clothes snag, boots jam in gapsand thethumbthrottleis
sometimesinadvertently activated by the knee, an animal or a passenger. This
causesdelay and/or distraction. Wherethereare also risk factors such as steep
drops, banks or obstaclesclose by whiletherider strugglesto regainfull control, an
LCE can occur. Theterminology in theinformation processing has been changed
dightly thereforeto reflect the multiple hazards being dealt with by the information

Processing resources.

Within the active factors section, animal and passenger factors have been added to
reflect the critical role that thesethird parties play in many LCE in these studies.

Latent Active
I Extra-organisational decisions l —l Individual Factors i
Exposureto hazardous
situation
rWork organisation I l
Y hazards perception N0 ——————
yes
Design decisions{equipment &
environment) *
— hazards cognition no —¥
yes
Personal decisions v
Animal and passenger factors __y[— decisionstoavoid no ¥
yes
= abiiity to avotd no =——m
v
NN ) ..__I
1 ¢ JGE o
o o U
L B
Natural / environmental factors
Post-LCE factors on outcome

]_,

Figure5.22 Interactive and information processing modd of quadbike L CE on farms
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Figure 5.23 showsan analysisof the 76 L CE involving animals using this model.
Notableamongst the latent factors are thefailure of management strategiesin work
organisation during the busy periods (n=17 cases) to plan for sustainable operations
without build up of excessivefatigue that contributesto LCE. The purchaseof
quadbikeswith undesirablefeatures that contribute directly to LCE (n=15) is
prominent a poor design decision, and the use of the quadbike without having gained
adequate understanding of the machinethrough training and familiarisationis aso

highlighted under Personal Decisions.

Individual factors commonly at play in these L CE include watching the animals
rather than the route being ridden (n=17), exceeding appropriate speedsfor the
conditions (n=14), and being caught out when on new terrain or using new
equipment with which they are not sufficiently familiar (n=13).

Thefindingslogged on theinformation processing section of the mode reflect a
number of important effects. In over athird therider did not seethe hazard(s), in
large part due to the divided attention of watching animalswhileriding (n=17), but
also due to the Natural / Environmental factor of long growth concealing holes and
obstructions(n=13). In 17 casesthehazard(s) was perceived and understood but the
decisionto avoid it was not taken. Reasonsfor thisincluded fatigue, and the rider
electing to take therisk to save timewhen under pressurecf either their own or the
organisation's making. In just under one third of the cases (n=23), the rider
perceived, understood and decided to act but was unable to avoid the L CE through
factorsincluding latent inadequaciesin the quadbike design (braking, handling,
suspension), excessive speed and hard ground that induced dliding.



Latent

Extra-organisational decisions

* Milk supply contractsthat dictate macro work patterns
Culture of working through peak times of 6-7 weeks

without any time off for anyone

Work organisation
¢ Busy calving/lambing/shearing time strategiesfailed, not
enoughtime off or cover and so very fatigued and in haste
- 17
¢ Unrealistic schedule at busy times places staff under
perceivedpressure to take short cuts 7

Not having enough experienced dogs available and I or
expectingriders to chase animals7
¢ Routine overloading of quadbike to reduce trips 2
¢ System requires regular carrying of passengers2
e Culture not to report LCE — fear of dismissal

Design decisions (equipment & environment)

¢ \Wrong machine specifications = allows inadvertent
reverse, ineffective braking, tippy suspension, leg trapping,
unsafe loading, poor traction on hard ground 15

» Wrong machine bought for the tasks 7

¢ Inadequate investment or bad track planning 6

* Inadequate route and mustering area maintenance 5

» No safe method provided for transportinganimals — loose
acrosstank, on lap or in footwell 3

« Wrong appliancebought - too big for the quadbike to
safely pull, allows load shifting 2

¢ \Wrong tyres chosen 2

-Dumpingof waste materials that become hazards

Active

Individual Factors

Watching the animals not the route 17
» Speed excessive for the conditions 14
e Caught out when using new quadbike or
appliance with differenthandling or on new
terrain 13
» Chose to take risk to save time when under
pressure, eg ridingin no-go area 8
e Complacent about conditions 6

¢ Long day - fatigued, frustrated 6 Y hazards perception no (28) —»

e Self imposed goal conflicts that day
enforcingshortcuts 6

* Riding a quadbike like it was a two-wheeler
e.g. dabbing foot 2

¢ \Wrong choice of tool (quad/horse/ute) on

the day for the task 4 -

¢ Poor choices due to fear of management
* Hunger / thirst 2
¢ Reduced capability with age

Animal and passenger factors

¢ Loads big or shifting —disturbing balance 8
¢ Animal or passenger interference with
controls 3

* Distraction =

'

Exposure to hazardous
situation

n176

yes
(48)

hazards cognition  no ©
yes
(40)
+ ———
decisions to avoid no (17) —»
yes
(23)
v

no (23) —»

Kekois

ability to avoid

° ICE &

Personal decisions

Use of a quadbike without specific task training or
establishingits limits in a safe setting, drivingit like a car 6
e Taking on very large unsustainable individual role 3
« Self imposed pressure to completetasks in a certain time
3
*[_ow priority to quadbike maintenance 3
¢ Use of quadbike alone in unknown terrain 2
* Acceptance of rollovers - has had so many, doesn't see
them as an LCE anymore for himself or others 2

Natural / environmental factors
* Hazards concealed by long growth 13
* Rut or hump from erosion or stock action 11

* Hard ground helped quadbike roll away, slide or tip 9

* Frosty, moist or dewy surface 5

» Standing water 2

* Tomo hole had opened up

* Soft ground gave way

* Weather closing in causing rushing
* River action

* Very bad weather

Post-LCE factors on outcome
* Trapped by machine 3

* Trapped by poorly chosen footwear,
clothing or quadbike modifications 3

» Lack of close medical and rehabilitation
services in remote areas 2

* Big distance to walk to farm get help 2
* Electrocution from fence 2

* Remote location so ambulance slow to
arrive 2

 Hard ground
* Deep gulley in isolated area

* Sacked for the LCE damage to quadbike
* Cellphone worked — got help fast

Y

Figure 5.23 Interactive model showing risk factors in the 76 LCE involving animals

* No one to cover for him, so didn't go to doc




546.2 Risk factorsin spraying
Figure5.24 shows an analysisof the 10 L CE where spraying using the quadbike was
being undertaken.

Notableamongst the latent factors are an absence of established safe proceduresto
the spraying tasks which would protect inexperienced riders, and the de-stabilising
effect of the equipment ensembles.

The personal decision to take on these tasks without being fully cognisant of the
capabilitiesand characteristicsof the quadbike mounted or drawn spraying systems
also features highly, and interacts with the Active factorswheretherider is keen to
save timebut failsto understand the risksinvolved. In comparisonto theanalysison
working with animals, there arerelatively few Activefactorsat play in the LCE
according to thismode other than this. It indicates a substantial mismatch of
equipment to the tasksconcerned. The spraying systemsadd shifting weight above
the centre of balance of the machine, or very substantial loadson unbraked trailers,
further exacerbating the pre-existing weaknessesin quadbikesfor farm work. Riders
do not need to contribute muchin the way of Activefactorson theday to producean
LCE.

Thefindings on theinformation processing section of the model indicate that hazard
cognitionis low; the systems appear to be poorly understoodas well as error-
intolerant.



Latent Active

Extra-organisational | Individual Factors
e Lack of controlon ancillary systems that can be sold for * Chose to take risk (eg riding in no-go area, l
use with quadbikes. Not enough testingto ensure products or on unstable stop banks, leaning and ) )
are fit for purpose of sale. Machines over-stressed and spraying from the seat) to finish job quicker Exposure to hazardous situation
balance/handling too greatly affected 4 n=10
e Lack of information for novices on how to choose well- * Long day - fatigued, keen to get home (2)
matched sets of equipment « Looking elsewhere other than route ahead
e Lack of regulation of acceptable practices for contractors %)
resultsin extreme loads and methods
Y— hazardsperception no (3) —»

Work organisation yes
¢ No set safe way of doing the task, circuit direction, ( 7)
ascent/descent routes etc for each pass, so variationand
experimentation each time job is done (7) i
¢ Unrealistic schedule placing riders under perceived hazards cognition  no (4) —»
pressure to take short cuts (1) yes
* Poor desian of task — better ways of doina it (1, (3)

Live load factors

* Spray surged to one side in tank increasing e *
Design decisions (equipment & environment) unbalance (6) — decisionsto avoid no (3) —»
» Modifications to machine (added tanks size and position, yes
ROPS) decreased stability and / or braking effectiveness (7) (0)
* Wrong design specifications— legs trapped by wrap-around
spray tanks prohibits rider bale-out in a rollover (1), T
inadequate baffle design (4), footwsll boot entrapment il f
» \Wrong machine for the terrain/task (4) ability to avoid no (0)
* \Wrong appliance — hose not long enough to allow quadbike L _— o ..=
to stay on the tracks (1) ® |ICE
* Madifications (eg, front mounted boxes and tanks) reduce ®
visibility (1) . 0 e e e e
« Failure to maintainmachine (1) Naturall environmentalfactors

e Tussock, hole or clump tipped machine (4)
« Long growth concealing USC (3) Post-LCE factors on outcome

Animal damage to surface (3) Crushed under machine for a time

Personal decisions Not strong enough to push quadbike off,
» Use of quadbike spraying system (or new component) burns made worse

without training and terrain-specific familiarisation to fully « Ditch not allowing quadbike to be rolled off
understandit's limitations (4)

¢ Use of quadbikes when of an age where reduced strength
and agility will significantly affect ability to jump off when
needed or push the machine off when trapped (1)

Figure5.24 Interactive model showing risk factorsin the 10 spraying LCB
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Common interactions of factors representedin the model include:

| nexperience with quadbikesand/or quadbike mounted spray systemswith

Unpredicted surface changes such as hard clumps or tussockslifting awheel

WIN|=

Surging of fluidin the tanks - further destabilising the machine

Spraying across hillsides (known as sidlings) with

Dry lumpy conditions

WIN|F-

Ground previoudly grazed when soft by heavy animals who have churned it
up

Wheel on uphill side contacts significantly less yielding dried mud and rides
up over it — rather than squashing it

Inability of quadbikesto pull away again on steep slopesoncethey have
stopped, as they do when spot spraying, with

N

Touching back brake (inexperience) as it dides backwards

Surging of fluid

Indl thesecases, age-related reductionin strength and agility interactsby making
riderslesslikely to bale-out, but alsolesslikely to be able to push the machine off

once trapped under it.




54.6.3 Risk factorsin fencework

Figure5.25 shows an analysis of the 10 L CE wherefencing materials were being
carted using: rack mounted boxes, fixings directly onto the quadbike racks, on a
trailer drawn by the quadbike, or acombination of these. Noneof thetrailers had
brakes.

The most common latent factor according to the model was routine overloading. The
next most common, and allied latent factor, was using the wrong machinefor thejob.
Theriders were either using a cheaper quadbike than was needed for safely carrying
theloads required, or trying to get away with just using aquadbike when amore
expensive six-wheel drive vehicleor tractor was actually needed.

The persona decision to take on these tasks without being trained or adequately
experienced to judge the capabilitiesand characteristicsof the quadbike when loaded
in thisway was found to be a major underlying factor in three cases. Even thosewho
were well experienced made serious mistakesin misreading routes and/or terrain.

An additional four of the ten L CE involved migudgementsaf this kind.

Thefindings on theinformation processing section of the model indicatethat all but
one of the riderscarting the heavy |oads recognised the hazards, and 60% aso
understood and acted accordingly; but then found the machine was no longer under
their control and they lacked the ability to correct the situation. Theweight of the
machine combined with steep slopes and slick surfacesresulted in early | oss of
control in the LCE sequence. Quadbike tyresare designed for soft conditionsand
perform badly on hard ground, especially when moistureis present.
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Latent

Extra-organisational
e Lack of information, awareness and regulation on the use
of trailers without brakes by quadbike users on farms

Work organisation

¢ Task design required overloading beyond capability of
quadbike (8)

* Quadbike use pollicy on no-go areas not realistic,
introduces goal conflicts (1)

* Task allocated to rider with too little experience (1)

¢ Not enough help in the summer, induces rushing with
quadbikes tasks (1)

Design decisions (equipment & environment)

¢ \Wrong machine for the job (eg. not enough traction) —
asking too much of it (5)

* Modificationsintroduced other hazards (eg. ROPS catching
on trees (1)

¢ Stowage of materials insecure, affecting balance (1)

* Maintenance inadequate 1)

* Quadbike & trailer system design does not provide simple
intuitive method for recovering from loss of traction in ascent
- can't be reversedback down hill (1)

Active

Individual Factors
» Misread suitability of route/terrain — looked
ok but turned out to not be, given the load
and conditions on the day (7)

* Quadbike use policy not followed -was
riding in no-go areas or getting sideways on
steep sidlings (2)

* Long day - fatigued, keen to get home (1)
* Speed (1)

* Complacency - fine day with perfect riding
conditions (1)

Live load factors
¢ Young passenger on board and so he didn't
bale out when he should

Y

-

v

Exposure to hazardous situation

n=10

hazards perception no (I)—»
yes
©
v

hazards cognition
yes

()
\

noQ@ —»

decisions to avoid no (0)
yes

(6)

v

ability to avoid

no (6) —»

__deeod]

Personal decisions

¢ Use of quadbikes for hauling materials without enough
terrain-specifictraining or experience to understandthe
operating limits of the machine in that heavily loaded state
and how to use brakes etc optimally (3)

° LCE ,

Natural / environmental factors
 Steep slope (9)

o Slick surface, hard underneath but wet or sappy spring

growth on top (3)
* Rock tipped machine (1)

¢ Long growth concealing surface irregularities (1)

Post-LCE factors on outcome
e Stayed on machine after control lost to
protect son, but having passenger there to
bring him home saved his life as 3kim from

Figure5.25 Interactivemodel showing risk factorsin the 10fencing LCE

house and no cellphone coverage at LCE
site
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5.4.7 Risk factorsin seriousinjury cases

The 15 min walk out took e and half hours. They offered to get the chopper in, but | thought it'd cost too much so | waited an
hour for the ambulance. | wasvery iff by the time they arrived. | had morphineand an hour ride back to town -which given
the state of the raad was the hardestpan. Due to concernsabeut my condition they stuck mein the chopper for aride to
Wellington. | had cardiacdamage, crushed vertebraeand broken ribs.
Wairarapa Fanner
54.7.1 Seriousinjury L CE event sequences
In all 37 of the seriousinjury casestherider wasin ariding position, and the vehicle
wasin motion, immediately prior to theincident. Figure5.26 shows ataxonomy of

the seriousinjury L CE sequences.

Of particular noteisthat in 73% (n=27) of the events the machinerolled sidewaysor
tipped (forward or back) whilein motion or smply overbalanced when stopped
(through the ground subsiding) - then striking the rider or crushing them against the
ground. Inonly 20% did the machineimpact hard with something at sufficient speed
to throw therider clear of the machine — the most common scenariofor North
American recreational riders (Legare, 2002).

1st Event (n=37) Subsequent Event Post Incident

_ Hit hy quadbike or crushed between Unassisted, madeown way back on foot, crawling
machine and ground hut pushed it off or riding
(n=18; 67%) (n=11; 62.5 %)

Quadbike rolled, upped
or overbalanced
(n=27: 73%)

Helpcloseat hand to mover machine and check
damage/injuries
(n=5: 28 %)

Lay injured (not trapped under machine} until help
amved
(n=2; 10 %)

Quadbike ridden hard against
M object and rider thrown
against the ground

or another object

(n=7. 20%)

Trapped for a while, possibly aggravating injuries,
__ Entrapment under machine hut got out unassisted
{n=8: 29%) (n=5; 63%)

Rider struck by or against

(in_c_l;dSi;L/gf Cerleuropment Trappeduntil hel parrived, significant aggravation
(n=3:8%) of outcome
(n=3: 37%)
Rider thrown clear of the machine
— and struck ground or other chject Walked hack unassisted

(n=1; 4%)

Figure5.26 Taxonomy of the 37 seriousinjury L CE sequences
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Lookingin more detail at the seriousinjury LCE scenariosanadlysisin Table5.17, it
can be seen that backward tips occur predominantly on steep country in this study.
Forward tips are mostly on theflatter land, where greater Speed appearsto be afactor
astherider islesswary of theterrain, and they are therefore morelikely to drop a
whed into a hole or rut with enough speed to tip the machine.

For smplicity, rolls, tips and overbalancing are grouped under the umbrellaterm
‘rollovers in thefollowing table.

Table5.17 Directiondf rolloversin seriousinjury cases— by terrain

Directionof Terrain

rollover Hat, undulatingor ~ Strongly rollingor ~ Steepor very steep  Totas
rolling moderately steep

Side 6 1 3 10

Forward 7 0 1 8

Backwards 0 4 5 9

Totd 13 5 9 27

Some 26 of the 37 seriousinjuriesoccurred with the machineas an injury agent. The
rider was trapped under the machinein 14% (n=15) of al LCE rollovers, but twiceas
commonly (29%. n=8) in the seriousinjuriescasesthat involved rollovers.

I nterventions reducing impact injury and entrapment potential from the quadbike

would therefore appear to be alogical target for minimising severity of injuries.

“I waspre-feeding potsfor possumcontrol around one o'clock  Itwasa flat paddock and | got back on to move onto the next

pot. I ean’t remember what happened next but it (thequadbike) probablytook off at speed. Ithad clawed the ground, did a
tight circleto the right. 7 came-to lying face down. Leg was pinned by the footplateand rear end. | could reachthe hornand

controlsand started the enginebut it just spinned, wouldn'tkick off. | tooted the hornuntil the battery went flat. Thenit got
dark. Theyfound meat6. |lost my calf muscle; Doctor said another half hour and it would have been a lost leg."

Taranaki contractor

Anaysisof these serious cases by terrain type showed that all three of the most
dangerousentrapments, where the rider lay pinned waiting along period for help to
arrive happened on very gentle country. In comparison only two entrapments
occurred on the steep or very steep land and in both casesthe injured rider was able
toeventually get out unaided. Thisfinding is counter to someindustry perceptions
that hill country isthe most likely terrain for fatalities. The dopein fact assststhe

rider to help roll theweight of the vehicleoff their body. Flat land offers no
gravitationa help, and ditch banks will actively resst attemptstorall it off.



Thishas quite probably been acritical element in anumber of caseswhereridersand

their passenger shave drowned in just afew inchesof water. (OSH, 2001).
"You don't comeoff on the steep st uff cos you're concentrating.

The spillsare on theeasy ground where the concentrationiselsewhere'.
Farmer. Southland.
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5472 Common factors- hasteand secondary visual tasking

“ATVs are not designed for peoplein a hurry’”
Northland farmer

Haste was found to be a factor in the LCE with serious injury outcomesmore
commonly than in theless serious cases. Thiswarrantsfurther research of speedin
off-road vehicleinjury LCE, asthe New Zedand experience with road trafficinjury
links severity clearly to speed.

Thereareawide variety of reasons given for the haste. Theseinclude lack of time
dueto delaysearlier in the day with stock, bad weather, equipment failuresand staff
or family illness. For some peopleworking in isolated areas, rare and vaued socia
excursions arethe motivation. In one casethe farmer admitted that he jacknifed and
rolled his quadbike chasing aewe because the big Fertiliser Company who supplied
him were throwing afree party for their customersin town that night and he had no
intention of missing it on her account. Those working aone also understandably
indulgein persona gamesto entertain themselves. A farmer who was breakingin a
property in aremote part of the Wairarapawas returning from one of many fencing
tripsto that far corner of the farm and rolled his quadbike whiletrying to break his
record timefor thetrip.

Secondary visual tasking is used in this chapter as an umbrellaterm to describe the
phenomenon of the rider whilein motion looking away (e.g. tolook for acolleague
or check stock in an adjacent paddock) from the essential tasksinvolvedin riding the
quadbike, resulting in recognitionerror (Noy, 2001). Theterm was usedin
preferenceto Concurrent Visual Task distraction (Bentley & Halsam, 2001; Bentley,
submitted) for this quadbike L CE study, asin most cases the tasks were mutually
exclusive. They could not be done concurrently. Theriders were aware that they
needed to be reading the micro-terrain ahead amost constantly, but took the risk of
dropping this primary task (without stopping the machine), assuming the route ahead
to befree of features requiring response actions, to look e sewherefor asignificant
interval. The hazard was not perceived, or perceivedfully, asaresult.



54.7.3 Risk factor combinationsand seriousinjury

"You get used to knowing when it'stime to get off. ”
Farmer. Taihape, central North Island.

Table 5.18 shows the most common pairs of risk factor combinationsappearingin at
least 5% of all the LCE, or threeof the seriousinjury LCE cases. At thislevel of
analysisthe spread of identified risk factorsis very wide and theincidence countsare

very smdl. Thisreflectsthewiderange of quadbike applicationson farms.

Thefindings show the most common combinationfor all LCE to be working on
routes considered by therider as marginal for quadbike use, with aload (n=21, of
which three were serious). However, other combinations(examplesshownin bold)
where speed/haste is involved show amuch higher proportion of seriousinjury cases
resulting.

Table5.18 Most common pairs of risk factors and severity of injury

Factor | Factor 2 All Serious
LCE injury
LCE

Useadf margind routes Loads-hig, shifting, badly placed or 21 3
unfamiliar

Useof marginal routes Unpredicted Surface Changes 14 3

Secondary Visual Task Unpredicted Surface Changes 13 4

Useof marginal routes Inexperiencevith quads 13 3

Haste Unpredicted Surface Changes 11 3

Ladck of tira toreact, dueto speed of Equipment ~ Task mismatch 10 4

machine and/or peed of LCE

Useof marginal routes Equipment = Tesk mismatch 10 3

Rider fatigue Roor choiceof routedoe tofedling under 10 2
pressure

Lack of timeto react, dueto speed of machine ~ Unpredicted Surface Changes 10 2

and/or Speed of LCE

Hast e Lack of timeto react, dueto speed of 9 3
machineand/or speed of LCE

Secondary Visual Task Latent failuresin desgn (leading to easily 9 2
repeated errors)

Loads- hig, shifting, badly placed or Inexperiencewith quads 9 1

unfamiliar

Unpredicted SurfaceChanges Equipment — Task mismatch 8

Loads- hig, shifting, badly placed or Equipment - Task mismatch 8

unfamiliar

Thistable aso indicates theimportanceof the underlying organisational factorsin
the LCE investigated. Intervention measuresthat could arisein responseto these
organisational factorsinclude: ensuring that thefarm has the right toolsfor the jobs,
having clear policies on no-go margina areas, recognising that work pressures
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influence route choice, and ensuring sufficient experience has been gained before

allowing younger staff to work unsupervised.

An examination of combinationsaof three factorstogether presentin individual LCE,

revealsavery wide spread of combinations. Table 5.19 showseven the most

commonly interacting set of threerisk factorsappearingin lessthan 5% of al LCE

casesinvestigated. However, the presence of speed, haste and the carrying out of

tasks under pressure (shown in bold) are evident in those with the most serious

injury outcomes.

Table5.19 Most common combinationsof 3 factorsin an LCE that appear in at |east
5LCEs or 2 Seriousinjury cases (156 LCE in total)

Factor 1 Factor 2 | Factor 3 Incidence Incidence -
among all Serious
LCE cases
(n=37)
Haste Unpredicted Surface Lack of timetoreadt, dueto | 7 (4.46%) 2 (5.4%)
Changes speed of machineand/or
speed of LCE
Inexperiencevith quads Useof marginal routes Loads-big, shifting, badly 5 1
placeda unfamiliar
Hage Rider fatigue Poor choiceof routedueto | 4 2
feeling pressured
Usedf marginal routes Rider fatigue Unpredicted Surface 3 2
Changes
Lbe of marginal routes Equipment - Task Lack of time toreact, due 3 2
mismatch to speed of machine and/or

speed of LCE

Hage Equipment - Task Poor choiceof routedneto | 3 2
mismatch fedingunder pressure
Hagte Equipment— Task Secondary Visual Task 2 2
mismatch
Unfamiliarityvith terrain | Inexperiencevith quads Use of marginal routes 2 2
(new or altered)
Hagte Secondary Visual Task Lack of timetoreact, due 2 2
tospeed of machineand/or
sped of LCE
Rider fatigue Equipment = Task Poor choiceof routedueto | 2 2
mismatch fedingunder pressure

Thisvery wide spread of factor combinationsreflect the diversity of LCE scenarios

reported around the country. Thereis no tightly defined cluster of interacting factors

to be neetly targeted by injury prevention exercises, hence a broad-based programme

of countermeasuresis likely to be needed to achieve meaningful success acrossthe

industry.




54.8 | nterventions

5481 Introduction

To achievethe highly participative research method that was needed to explore
system-widerisk factors, the scope of the study needed to embrace remedia
interventionstoo. This method yielded arich dataset of potential interventionsat
variousstages of refinement which expanded the body of knowledgein thisarea
considerably. A summary of thefinal intervention matrix isshownin Table5.20. It
shows a marked emphasison pre-event (or primary) interventions. Theinterventions
identified in the literature prior to this study, were leaflets & videos (including
guidanceon skillsand regular maintenance), visual warnings, ROPS, skillstraining
and helmets.

Intervention priority for each intervention level isindicated, those that could be
achieved amost immediately and with easiest implementation are shown in bold.
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Table 5.20 Findingssummary - potential interventions

Intervention | Pre-LCE (Primary) LCE (Secondary) | Post-LCE
level (Tertiary)
Encouragement of concept redesign. Support nationa Support research for
Government investigation database. solutions.
Improved rural accessto
medical care.
Regulato Control thedesignd accessoriesand limit | Test modifications Require new machinesto
9 ry the specifications of machinesthat can be Formalised and pooled | haveauto Search &

environment

brought in to keepout undesirable
features.

Restriction of load carriage by design.
Warrant of Fitness for quadbikes.
Licensing of machinesand riders.

investigationsaf LCE.
Point load avoidance.

Rescuein-built alarm

Social Media campaignstimed to annual ri sks. Rai seawarenessof Maintain regul ar family
: older usersontheneed | contactduring the day.
environment to bail out.

Organisation Formalisationdf unmarked routes. Consider entrapment Formalise Search &
Choosing the right machinefor thejob (eg | featureswhen Rescue palicy.
6-wheelerfor fencing). purchasing.

Planningfor fatigueeffects.
Managing pesk workloads.
Realistic goal-setting.
Keeping enough good dogs
Moretrack investment
Optimise track design

Physical Prioritise track maintenance. ImproveTele-

environment Shqter grass on routes across paddocks. communi cation coverage.
Soil/track erosioncontrol. Improveawarenessd
Fenceline planning to accommodate new technology.
quadbikes better.

Cargo / task Improved spray equipment design. Maketank baffles Reduceentrapment by
Useof customised trailers. mandatory. design and new products.
Control of cargo width. L owered stowage.

Safer choicesd trailer.
Machine Creeper gear. Innovativeroll-over Air-baglinked alarm
Reversegear warning beeper. protection.
Throttle protection. Swivel couplings.
Lights optimisation. Throttle de-
Effective park brakes. sengitisation
Better maintenance.
Remote operation device.
Rider Specific young rider education. Trainingon bailing- Personal GPSaarm.

Educationon visud distraction.
Expert user video.
Techniquetips— biomechanical.

out.
Easy-doff footwear.

Educationon 1st aid.




5482

Countermeasures

When set alongside the countermeasure strategy areastraditionally used in road

vehicleinjury prevention (Haddon, 1973) in Table5.21, it isclear that the nature of

thevehicleand itsusein New Zedand limit the intervention optionsthat could act
during the Crash (LCE) phase.

Table5.21 Haddon 10 Countermeasureslist and potential interventions

Haddon 10 Counter measur es

quadbike L CE intervention — examplesfrom the
study

Pre- Prevent marshalling of initial Usetools better matched to thejob, eg. use dogs to
Crash | formof energy. chasesheepin gulliesnot quadbikes.
(LCE) | Reduceamount of energy Control loads, govern speeds.
marshalled.
Crash | Preventreleaseof energy. Downhill tracks with run-offsallow an LCE to be
(LCE) brought back under control, but LCE are not alwayson
downhill slopesor the routedemandstraversing.
Modify rate of spatial Invent activere-stabilisation deviceto counter roll - not
distribution of energy fromits | tried yet and would be hard to developas a retrofit to
source. the 70,000 existing machines.
Moreuseof bafflesin tanksto stop spray fluid surge -
some being made but not evaluated yet.
Separatein time or space ROPS - very mixed evaluation findingsand
energy released and manufacturersactively campaigningagainst their use.
susceptiblestructure. Full running boards have replaced footpegs and
provideasolid platformto push against as the machine
rollsonto the rider which may take some of theimpact
out — some low price models no longer have them
though. Uneva uated.
Separatethem by material Aiibags- untried.
barrier.
Modify the damaging contact | Remove sharp accessoriesand loads that can injure by
surface. point-impact to leave rounded surfacesasintendedin
theoriginal ATV concept - thisis unlikely to bedone
asfarmers need to modify dl vehiclesto carry various
things.
Strengthen living structure Helmets - design not ideal yet and uptake poor; torsois
susceptibleto damage. the areathat actually needs protecting most anyway.
Bootswith the needed ankle protection are also hard to
dlip off, which isan advantageif trapped by theleg
under the machine.
Post- | Moverapidly in detection and | Farm policiesfor checkingstaff, better
Crash | evaluation,limit damage communications, first aid, quick diagnosis.
(LCE) |_extent and spread.
Rehabilitation. Improved rura accessto medical care.
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5.4.83 Pre-LCE (Primary)

Table5.22 showstheinterventions developed to act upstream of the LCE arranged

by risk factorswhich they indicatively address.

Table5.22 Potentia interventions that act Pre-LCE

Interventions Risk factors
1. Improvedtrack maintenance. Unpredicted Surface
2. Keepinggrassand undergrowthshort so that the surface on commonly used routesacross Changes(USC)

paddocksis revededfor riders.
3. Surface water movement managed to minimise erosion.
4,  Alwaysuse sameroute acrossuntracked ar €as to monitor erosion.
5.  National mediareleaseson hazardsof USC each year ti nad to coincide with the man
flush of new grass growth that Wl conceal holes.
6. Invest morein tracksto reduceexposuretimeon marginal country. Useof margina
routes
7. Requireimplements, racks, protectivebars, cabs, etc to be tested for use with specificquad | Loads—big, shifting,
typesand sold on that basis. Farm to have policy that minimisesthe need for improvised badly placed or
carriageof liveloads. unfamiliar
8.  Add baffles/compartments to minimisefluid movement in tanksand shifting of |ooseloads
such as toolsand fencing staples within boxes.
9.  Useroutesthat offer straight run-outs at the bottom of any slopes. Don't attempt changes
of direction on slopes.
10. Racksneed to betested for ability to teke loads without unloading traction from front
wheelsin ascent. Loadsshould not act behind the rear axle.
11. Placesprayfluidsas low as possibletowardsthe centrelineof theaxles. If quadshaveto
be used, filling the tyres or an added double tyre with the fluids— as currently donewith
tractor tyresfor stability, could be trialed.
12. Longtermdevelopment of vehiclesthat don't need modifying or to be operated routinely Equipment - Task
outside their design parameters. mismatch

13. Ridersto be madeawareof theeffectsof modificationsand implementson stability,
entrapmentand injury outcomesfrom possibly increased point loadsactingon the body.

14. Encouragebuyersto select theright typeof machinefor the job. Eg. 4WD whereitis
needed.

15.  Encourage manufacturersto offer machinesthat don't require weight shift at low speed for
that section of themarket whodon't vart, or aren't capableof, ActiveRiding. Criteria
may include: lightweight 2WD for ease of steering by older rider lacking some upper body
strength.

16. Transport bulk fluid by a separate vehicle to limit tank volume needed on quad.

17. Add cresper gear- with steering head tightener to enable feeding out with both handsfree.
Also useful for walking the quad off steep unrideable hills.

18. Machine not maintained fit for task — introduce a WOF and off-road machine licensing.

19. Encourage the uptake of basic training to give new riders essential skills, such as effective
weight shift techniques.

20. Investigate ways to increase the confidence of young and/or inexperienced riders to know
and work within their personal limits.
Introduce licences for off-road riders.

Inexperience with
quads

21.
22. Education for farm workers on the increased risk through fatigue at physically and

Rider fatigue

mentally demanding times such as lambing.

23. Manage farm operations to minimise peak workloads. For example: breed out ewes with
birthing difficulties to reduce the frequency of the lambing beats needed.

24. Add power steering for all machines to be used on rough ground.

25. Educate riders on the likelihood of LCE when looking away from the ground ahead of the Secondary Visual
quad eg. watching stock movements whilst riding on an unpredictable surface. Task

26. Inform farmers on the importance of setting realistic work schedules for themselves and Haste

others. Have clear strict policy on no-go marginal areas on the farm to avoid goal conflict
and hence rushing.

27. Implement attachment systems that do not afford ‘snap roll’ leverage of the quad. Swivel
couplings in the drawbar line for example.

28. Minimise fluid movement in tanks and shifting of loose loads such as tools and fencing
staples.

29. Lower and centralise holding positions of fluids.

Lack of time to react,
due to speed of
machine and/or speed
of LCE

30. Issue very clear instructions with no goal conflicts especially for new employees.

Making poor choice
of route due to feeling
under pressure




w
=

Theplanning of new fence lines to take quad useintoaccount Guiddinesgiving

Unfamiliarity with

minimumsfor anglesand clear path widths may be beneficid. terrain(new or
3. Managingrespectful use amongst userson the property. dtered)
3. Make ridersawared the potentiad for over-familiarity or complacencyinriding at timesof | Elevated perceptions
high ussgewith ingdiousincreases in risk-taking. o persond sefety
HA  Meakeavalablekitsfor modifyingall mechinesto alert rider to thequad being in reverse Latent failuresin
gear - reducing L CE throughinadvertentreversing. design (for New
b5, Requirethrottleprotection to be provided on al moddsimported to reduceinedvertent Zedand farming
operation by theknee when gettingon and/or turning hard right. applications)
36. Avoid szt up arrangements wheretrailed implement, rear axle & tyreassembly or loadis
criticalywider t han thefront of the machinein view o therider. Striking obstades after
therider has passad them may well add surprise and speed to the LCE.
37. Pk brakes often fail and machinesr un avay down hill. They should have ratchet mullti-
stageactionlike car hand brakes- many older quadbikes have single position cable brakes
that do not allow more tension to be added as cables stretch between servicings.
Transmissionlock as brakesfor automatics. Enginelock asriders waght comes off the
seet or footpegs suggested.
3B Re-engineerto exchangehight op speed for more low speed torque that will improvepull
andtractionon hills,
39.  Wide whedbass, |imted dip differential and an activesysemof counterbalancing (as
with rough terrain forklifts Cooper, 1998).
40. Initiateanationad WOR-typesystem for quadbikest o: protect ridersbetter from mechine Equipment failure
failureand enable owners to demonstrate willingnessto maintain equipment responsibly.
41 Formalise maintenanceand daily/weekly checking on farms.
42 Makeridersawarethat newer machinesdo not necessarily have better stability than older Unfamiliarity with the
models. Also thet 2 gpparently identical machinescan handledifferently. mechine (new or
someoneelse's)
43.  Developand distributeaDVD / video showing practica strategiesfor gettingout of Not knowing how to
common difficulties. get out o aparticular
44, Promoteespecialy amongst younger riders at schoolsat collegeswhilethey aremore tight Stuation
impressonable; makeit an interactiveCD game withinternal rulesthat agree with actua
best practice.
45.  Promotepractice- 'don't godown adopeyou haven't dready been up'. Faluretosee holes
46. Desenstisethrottlet o meke it easier to maintain dow speed control on steep descents. throughbeingin
descent (surface
gopears more smooth)
47. Nonedeveoped Over-familiarity with
terrain (complacence)
48, Keep enough experienced dogsand dlow sufficientti ne to do the job with thedogs Doingt he dog’s job
you've got.
49, Rider hastolearn not to betoorigid. Straight wrists (or kneeswhen standing) will jarand | Adopting wesk
be injured when you hit alump, so dl joints need to stay soft and dighting bent. biomechanical riding
syle
50. Add ‘cats whiskers to front of machinein clear view to indicatetheextrawidth of the Noat knowingwhat
following trailed implement. towed implements
will do - their effect
on handling
51. Nonedeveoped Ingppropriatetransfer
o road bi ekills
52.  Remoteoperationto enable ridersto get off and driveit off the hill usngtheremote Not usng equipment
throttlecontroller. quadbikes are morestablewith therider off itthan onit. to full potentid
53.  Nonedeveoped Panic
5. Lightsthat work. Nead to be mounted so thet they point where youre going — not where Routed view
youve been. So handlebarsnot frame. Alsonot obscured by t he toolboxesand fishboxes obscured
invarigbly placed on front rack.
55.  Requirethrottleto be redesigned or protectionfitted to on dl moddsimported to reduce Passengers, animd or
unintended operation by animals,looseloads or otherson the vehicle. dogsinterfering with
56.  Formaly comparetwist grip throttleas used on two-wheders VvV thumb lever. operation of quad
57. Formdiseasysem d easy to remember daily pre-ride maintenancecheckswith Changesin quad
pneumonic as used for tractors. conditionsincelastin
that Stuation
58.  Nonedeveloped On unfamiliar

(quadbieriding)
surfaceseg. Tarseal
or concrete
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5484 During LCE and Post-LCE

In the above Table theinterventions sought to prevent LCE occurring. Oncethe
LCE arein progress, or have happened the interventionslisted in Table 5.23 below
apply.

Table 5.23 Interventionsfor reducing severity of injury during and followingan LCE

[ ntervention Risk areas

59. Educateriderson the need to havementally rehearsed their bail out plan beforeenteringa | Reluctanceto bail out
highrisk scenario. 'Better to get off than be thrown off as then the machinewill follow at theright time
you. Don't stay withthe rideif you arenot in control ‘throw it (the quadbike) away —
they're still makingthem'.

60. Don't useatrailerin high risk scenarioswhere bail-out maybe needed. It will discourage
bail out asawideonewill be directly in the line of escapeand likely to causeinjury.

61  Require manufacturersto formally assess entrapment potential after roll oversoneach new | Entrapment
machinetype- especially on flat smoother country.

62. Requireall machinesimported to havefull running boardsfitted that do not offer
entrapment either when in motion or after tipping. Fold-upor fold-in mechanismsthat
permit feet to be pulled away from underneath may be considered.

63. Select boots that have sufficient rigidity to support anklesbut don't havefesturesthat snag
during baleout, and can be kicked off without need for untyingif t r apped.

64. Accessorydesignersto consider the need for easy bale out whenlookingat systemsthat
wraparound the user. [Older stylethree sided spray t anks have been cited as problematic
inthisway].

65. Trallersthat jackknifeshould not be able to offer a pinch point against thequad around the
legs, entrappingtherider and stopping bale-out.

66. Investigatewaysto reduce pointload impact potential on theriders body by: originaly Crushing potential
fitted elements[eg. handlebars, racks] and additions|[eg. toolboxes, dogtrays, spray boom
mounts].

67. Air bags- ideafromtussocks'bags of life' and fish boxesthat act as crumplezonesto
keep the weight off and stop crushing between pointsof machineand hard ground. Two
stage bags— oneto prevent crushing, one tolever machine off (ROBs —Roll Off Bags).
Entrapments much rarer in tussock country wherebig soft ballstaketheload —usethis

principle.
68. Investigate potential for persond alarm devicethat is affordable, worksin remote country Inadequate
and can be carried comfortably on the personat all times. It should able to beinteracted communications

with by both family and search and rescue bodies.

69. Adapt thetechnology already available on road vehicleswhereby deployment of theair Delay in getting
bag automaticaly triggersacall for aid. Thisistheonly way identified hat the alarm can medical attention
beraised

70. Enhanced RICE-Typefirst aid and basic diagnostic knowledgeso that peopleget better at
judging when an injury will resolvefully without professional intervention, or when delay
in getting to the doctor wvill be costly.

71 Improverural accessto medicalcare




54.85 Task-gpecificinterventions

Amongst the 72 interventions shown in Table 5.22 and Table 5.23 are generic
measuresfor dl quadbike users on farms, while others address specific system
wesknesses in specific tasks. Thefollowing two Figures5.27 and 5.28 show
examplesof interventionsthat relate directly to the most important task-specificrisk
factorsin firstly stock-related work, and secondly, spraying.

As has dready been noted, the mgjority of the interventions developed relateto pre-
LCEfactors. Theinterventionsaimed at these upstream latent factorsare designed

to aso act on the natural/environmental and post-L CE factors. For example,
improved erosion control will reducethe likelihood of arider dropping awhed into a
hole (tomo) that could otherwise have appeared overnight, and which might
ordinarily have been seen as an uncontrollablefactor contributing to an activefailure.
Similarly, improved rural accessto medica advice would generate much earlier
diagnosis. The costsand travel involved result currently in atwo week delay
between L CE and seeing the doctor for strains/sprains to be considered normal.
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Latent

Extra-organisational

* Raise awareness nationally of critical issues,
like spring growth hiding USC, with timely
reminder campaigns in the media (5)

¢ Require manufacturersto test products more
stringently for suitability in working context, and
for entrapment potential (62, 65, 66)

e Control specifications of imported machines to
keep out known hazards eg. Running boards
with gaps that trap feet (63, 67)

¢ Improve educationabout, and access to, rural
medical and rehabilitation services (72, 71)

Work organisation

¢ Include education on planning, stress and
coping techniques in discussion groups to find
workable ways to avoid fatigue at busy times
(22, 23, 24, 26, 30, 33)

* Ensure dogs are competent so that quadbikes
are not needed for chasing sheep (49)

Design decisions

equipment

* Pay extra and buy the right tool for the job (14)
* Minimise mismatch between task needs and
the tools (10, 12, 15, 17, 27, 36, 38, 39, 40,
47,531

environment

® Optimise the riding surface (1-4, 6, 31, 32)

il Individual Factors

* Ensure dogs are competent so that
quadbikes are not needed for chasing
sheep and riders can watch the route
instead of the animals (49, 25)

¢ Improve daily maintenance checks to
optimise braking and handling (58)

¢ Select machines with particular features or
make modifications to protect againstactive
failures when under pressure to act quickly
or instinctively (34, 35)

Animal and passenger factors

e Remove the potential for shifting live loads
to unbalance or interfere with the quadbike
at critical times by compartmentation,
restraints and protection of machine
controls (7, 8, 36, 56)

Active

Hazards perception

¢ Educate new riders on general and
terrain or task-specific hazards (20)

* Optimise rider's field of clear vision (37)

Hazards cognition

* Improve theoretical and practical skills
for recognisingand knowing how to act to
get out of difficult situations (13, 44, 45,
46)

Decisions to avoid

e Ensure riders are under no pressure to
take high risk routes to meet goals (26,
30)

Ability to avoid

« Improve maintenance to optimise
braking and handling (18, 41, 42, 58)

* Improve physical skills, including
emergency exits especially on unfamiliar
machines (43, 60, 61, 19, )

Personal

« Increase awareness of the role of Haste in
serious injury LCE and the need to avoid goal
conflicts when working with error-intolerant
plant (22, 26, 33)

* See Hazards Perceptionand Cognition

Naturallenvironmental factors I
]

al
'| Post-LCE factors on outcome

Figure5.27 Key interventions(numbered) plotted on model for tasksinvolving interaction with animals



Latent

Extra-organisational

¢ Exert more central control on the design and
sale of spray systems to get better matching
and less gross overloading by inexperienced
riders (7)

¢ Formal assessment of entrapment potential of
new products (62)

Work organisation and environment

e Establish routine circuit and procedures for
spraying; invest in tracks and equipment (eg
longer hoses that reach further, and trailed fluid
tanks) to get a practical but safe system for alll
staff to learn (1,2, 4, 6, 14, 16)

Design decisions

Equipment

e Match task demands realisticallyto the
machine at purchase (14)

e Establish safely the effect of modificationsand
new equipment on handling and braking with
different loading levels and surface conditions
and purchase accordingly (13)

¢ Buy systems with minimal entrapment
potential (67-70)

Active

Individual Factors
* Remove rider motivators to take
additonal risks to finish quicker (26)

Live load factors

¢ Buy fluid tank systems well
matched to machine traction and
centre of gravity characteristics, and
with effective baffles to control surge
(8,10, 11, 27, 28, 29)

Hazards perception
¢ Optimise rider's field of clear vision (37)

Hazards cognition
¢ Improve understandingof machine
capabilities (13, 61)

Decisionsto avoid

¢ Ensure riders are under no pressure to
take high risk routes to meet goals (26,
30)

e Train riders on exit techniques (60)

Ability to avoid
«Improve maintenanceto optimise
braking and handling (19, 41, 42, 58)

Personal

e Increase awareness of the role of Haste in
serious injury LCE and the need to avoid goal
conflicts when working with error-intolerant
plant (22, 26, 33)

¢ Raise awareness of the increased risks with
age (20, 50)

e See Hazards Perception and Cognition

Natural I environmental factors

Figure 5.28 Key interventions (numbered) plotted on model for spraying tasks

_’l Post-LCE factors on outcome




55 Discussion

Theamsof the research reported in thischapter wereto:
e Developasuitableinvestigative method for the analysisof quadbike L CE on
New Zealandfarms
o ldentify risk factorsfor LCE and their interactions
¢ ldentify potentia interventionsthat would reduce theincidence and/or
severity of quadbike-related L CE on New Zeadland farms,

551 Invedtigationmethod

Theuse of an ergonomicsor systems approach for investigating the problem of
quadbike L CE on farms allowed consideration of LCE from the perspectiveof the
Interactions between the user, their equipment, the task and their physical and social
environment. Itisthefirst study to apply asystems perspectiveto quadbike LCE,
and made possible theidentification of |atent organisational risk factors.

The method proved consistently workableon site, and wasflexible enoughin
administration to accommodatethe unique conditions encountered at each farm. In
particular, theinvestigation sheet developed for thisstudy generated consistent
organisational and social level data which provided a unique perspectiveon why the
decisionstaken by the riders which led to the LCE made sense to them at thetime.

Theinformation processing component in the model devel oped during the study
provided valuable understanding relating to theinteractions of therisk factors.

Considerableefforts were made on site to seek corroboration of verbal accountsby
convergenceof datasources. Testimoniesfrom colleagues and complimentary
archival sources were sought. Reliability of recall was also predicted to improve
using the scale quadbike model method, and the experience of the researcherin this
study supportsthat. The possibility remainsthat the use of props may enable
subjectsstruggling to remember, to createin their mind amorelogical version of
events, but onethat is still inaccurate (personal communication Lobb, 2005). Despite
this however, the continued use of such devicesin the forensic disciplinessuggests



that thereis overall benefitin practice. To addressthislimitation triangulation of
data sources was sought to further test the accountsoffered. This approach iswell
established ‘test[ing] the same variables... but [using techniques] with different
methodol ogical weaknesses' (Webb et d., 1966).

Akey focusof the research that emerged was the questioning of why the decisionsof
theridersinvolved in the LCE 'had made senseto them at thetime' (Dekker, 2003).
This philosophical approach not only made sense to the researcher, but al so proved
robust in appealing to the study participants, which further encouragedthe
exploration of the context of the eventsthat day. Slappendel (1995. 243) had noted
that although ergonomics approaches have gained general supportin New Zealandin
theory, field methodsto date have struggled to collect factor interaction data. The
event charts, and interactive quadbike L CE model, that were developed for the
analysis advanced the avail able methodsfor ergonomicsfield work in thisregard.

55.1.1 ACC records

The study method provided an opportunity to directly compare ACC recordswith
on-siteinvestigationfindings. Thefindingsraised concerns about the quality and
reliability of centrally collected records that are used extensively by theinjury
prevention community, government and theindustry. The accountsof L CE recorded
in the ACC datararely matched the investigation findingsin important details, and in
10-15% of cases bore no resemblance whatsoever. On thebasisof thiswork,
conclusionsdrawn from future narrative content analysis of this database should be
stated clearly as tentative, and further verification sought before significant policies

areformed from this evidence base.

Although not part of the formal study, the subjects were asked what had motivated
them to misreport. The claimants reported a need to 'tell ACCwhat they wanted to
hear' in order to get paymentsthat they (and possibly their clinician) saw as justified.
For example, some accountsgiven of the incidentstherefore migrated away from the
true accountsof slower onset MSD problemswith no singleclear cause, towards
more simple acute struck-by / struck-against explanationsthat they knew ACCwould
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accept for payment. For example, onerider had previously had claimsrgjected by
ACC that shefelt werevalid, and so when she cameto report the LCE in question
she smply gave an account based on acompletely different incident that another
family member had successfully claimed for. In some regionsthis was more marked
than in others, which subjects attributed to the differing approachescof theloca ACC
offices. Some were reported to be much tougher than othersto dedl with.



5.5.2 Risk factorsand event sequences

5521 Rider/individual factors

Theanalysisof employment status showed farmers (those owning or leasing the
farm) to be over-represented amongst L CE subjects. Thereasonfor thismay smply
be that thefarmers spend more total hours on the machines. A recurrent suggestion
from thefarmersthemselves however, was that their role was al so subtly different.
Asthey carried ultimate responsibility for seeing that everything got done, many felt
they were more likely to find themselves under pressure and needing to accept
greater risk to completeall the work for theday. At timeswhen stock are being born
thereiswork that cannot be left for another day. Thisisan interesting line of
enquiry for futurestudy. Quantitative datalogging methods could usefully be used
to track machine usage and converge with subjectivereports. Objectivedataare also
needed on exposure hours spent riding by contractors, who in this study show
alarming patterns of work.

Other published studies have identified financial stress as afactor in farm injuries
(Kartunnen, 2003; Simpsonet d., 2004) and further study is warranted to seeif
thesefactorsare similarly influencing theincidence or severity of quadbike LCEin
New Zealand. Thefinding that seriousinjuries are clustered around the 46 year old
age group would appear to support theindustry concernsthat middle-aged men with
marked business and family pressuresare a high risk group.

L CE are more common amongst people of retirement age than has been noted in
North American studies. Thefindingsof thisstudy raise the question of whether the
riders expectations match the characteristicsof the machine adequately. This group
islooking for a machinethat isinherently easier and safer than a two-wheeler. The
‘affordances appear to be mideadingfor thissection of the population at least.

The consistent under-representationof adult women ridersin theincident data
warrantsfurther investigation. The question of whether this can be explained simply
by their riding for less hours and/or on lessinherently risky tasks- as suggested (by

males) on anumber of farms, requires specific observational studiesincluding task
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analysis and quantitative measures. An on-bike GPS-enabled datalogging system
with remotedownload is recommended as oneelement. A comparativeanaysisof
male and female approachesto difficult tasks would also be needed as the female
responsein interview to the suggestion that they did not attempt the inherently risky
tasks was strongly denied.

Theanaysisdf injuriesby type and body region were consistent with those reported
in theepidemiological study of ACC datareportedin Chapter Two. The serious
injuries, however, show adistinct and different pattern with 60% affecting the chest
and lower limbs. In al but six casesthe machine was being ridden at thetime of the
LCE, and nearly hdf of the cases whereinjurieswere adequately specified involved
contact with the machine, or crushing between it and the ground.

Further study is needed to investigatethison a suitably large scale, and then if found
more widely, assess the mechanismsleading to thesetypesof harm. Itislikely that
contact is being made with handlebarsand other tubular structures such asthe
ubiquitously added racks and bullbars — which as noted in Chapter One, are counter
to the overal design concept of a'soft, bouncy, fun vehiclée.

Thefindingsdo not support the hypothesisthat working in isolationautomatically
increasesthelikelihood of aseriousinjury LCE. Baancinginfluencescould be that
the awarenessdf exposure heightens caution, and conversely companionship may
encourage greater risk taking, either through bravado/competitiveness or Smply asa
result of agreater feeling of safety.



5522 Temporal and terrain/ground factors

Thetimeof day findingsin this quadbike L CE study run counter to preconceptions
voiced during the interviewsthat the highest incidenceswould centre on dawn and
dusk when environmental conditions are known to be most difficult. Parker et a
(2002) research with New Zealand forest logging crews highlighted the importance
of establishingtimeof day of incidentswithin theframework of breaksfor each
specific occupational group. In their study, the peak of injuries were between 9-
10am - thetime at which crews were preparingfor thefirst break of theday. Factors
in this appeared to be (personal communication): making their way through the forest
back to the collection point resulting in a high number of minor injuries, insufficient
hydration and nutrition in the preceding 4-5 hours since getting up and fatigue (Bates
eta., 2000; Bentley et al., 2005). Reportsfor minor injuries, considered not worth
stopping work for, may also have been filed at the morning break — increasing the
volumeof formsfilled out at this point. Researchin other sectors has also found
certainrisk factorselevated in thefirst haf of the working day. Studies on road
vehicleoperators (Folkhard, 1997. 199) showed fatigue peaking after 2-4 hours on
task (to levels exceeded subsequently only after 12 hours driving).

Further studiesare needed to explore the accuracy of risk perceptionsof quadbike
usersonfarms. It may be that riders quite accurately assessthe ground conditions,
but underestimatethe risk when multiplying effects of organisational, socid,
circadian and nutritional factors. Aswith the loggersthere may be patternslinked to
nutrition and/or increased travelling at thesetimes, as the binomial distributions
indicate similar peaks.

Thefindingson timeof year were contrary in part to popular expectations. The pesk
lambing and calving periods of August / September are known to involvelong hours
in poor weather, and incidents linked to fatigueand workload pressuresare not
surprising. The spikein January, however, was not predicted. That two thirdsoccur
on firm ground suggeststhat further work is needed on improving the traction of
quadbikeson hard, rutted surfaces, especialy where moistened by dew, light rain or
lush growth such asclover.
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5523 V ehicle performancefactors

The most common activity immediately preceding the events was stockwork which
accountedfor alittleover athird of al 156 L CE. However thiscovers awide variety
of subtasks, mustering, catching, checking and moving animalsof varioustypes and
for variouspurposes. Itisof notethat 39% of L CE for thistask group take place on
fairly flat ground, rather than on the hills. Theimportanceof micro-terrainis
highlighted by this. Theinteraction of rutted ground, speed and failureof the
mustering rider who is watching the stock as he turnsto predict the ruts or humps, is
acommon scenarioin the set of LCE studied.

In the Discussionin Chapter Four, a potential conflict caused by over-ambitious
function allocation wasidentified; the rider hasto closely monitor both the machine
path and the animal movements. The high proportion of L CE occurring while
working with animalssupports this notion of a conceptua weaknessin using the
quadbike for mustering. When moving mobs of sheep traditionally, the horse would
take some of the responsibility for watching where specifically itsfeet were being
placed with regard to holes and obstacles. When working stock with a quadbike
however, the rider has to try to monitor and predict not only theterrain in front of the
machine but also the movement of all the animalsthat he or sheisin amongst. This
divided attention appearsto contributesignificantly to L CE, with many reports of
rolloverssimply from dropping atyreinto a shallow rut whileturning. Recresational
riderson trailsin North America, unlessriding as part of agroup, can chooseto
watch thetrack in front and nothing el se.

On thebasis of thisresearch, the second major weaknessin the design from the
farmers point of view isthetendency of the vehicletoroll rather than slide when
tractionislost. Thismakesit too error intolerant for its purpose and producestoo
high a proportion of LCE where damageis caused to the machineor rider or both.
Given that riders are often workingin isolation, theloss of their transportation alone
can be acausefor concern, but more seriously any entrapment could provefatal.

The newer machinesare trending upwards in weight but without any evidence of



design considerationsto reduce crushing and entrapment, which this study has shown
to be the most important target areafor interventions.

Thecrushing injuriesto thetorsorestrict the ability to get out of entrapments
unaided, but are being overlooked by those designing injury prevention strategiesin
New Zedland in favour of thefar lessfrequent head injuries. On the basisof these
findings, the current ACC interventionfocusis probably not the most cost-effective
approach. Further studies arerequired to estimate the costs of quadbike error
intolerance and to develop conceptual level interventionsthat would resultin a
vehiclebetter matched to the actual needs.

The next most common identifiable and discrete task categoriesare spraying and
fencing, both of which form just 6% (n=10) of thetotal. Thisindicatesthe
considerablespread of applicationsof quadbike use on New Zeadland farms, and
highlightsthe importance of exercising considerablecarein introducinginterventions
to the sector as whole without broad analysis of potential impact.

The ACC data analysisfindings reportedin Chapter Three align with thisstudy in
many regards, but not in relation to the presence of a towed implement at the time of
theevent. The ACC datapositively identified 3% that had some appliancein tow at
thetime. Thismore detailed study found 21% did so. Thisis probably smply
under-reportingdue to the limited detail of the event collected on the ACC forms.
However, given the scale of the disparity, future epidemiological studieson
implement-rel atedquadbike incidents should not rely on ACC data aloneto gauge
the scale of the problem nor the effectiveness of interventions.

Reversing straight back down arutted slopeis reported by experienced usersas
sometimesvery difficult, but usually impossible. The other L CE scenariosincluded:
failureto alow for the extrawidth when towing, jacknifing while turning too hard
chasing stock and loosing rear whedl traction from theweight of the load shifting at a
critical time. The high incidence of L CE wheretraction waslost reinforcesthe

commentsfrom the farmersregarding the difficulties of judging theinevitable
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performancedrop when towing. The handling characteristics will indeed change
very sgnificantly asthe quadbike may well weighlessthan thetrailer and load when
feeding out.

Baancing of theload around thetrailer axleiscritica. If theload sitstoo far back it
will creste alever ar mwith thetrailer axle as the fulcrum produces an upward acting
moment & the towbar of the quad. Thisliftsthe rear wheds, which will destabilise
any quad hugely when traversing or descending. A two-wheel drive machine would
lose all drive.

A most dangerousscenario is clearly created where alarge balanced load shifts
dramatically whiletravelling. In several casesthese were liveloads — dogs (or
passengers) who moved back on thetrailer to bark at rabbitsor get away from the
mud thrown up by the quad. Fluid in spray tanksor caf feedersalso surgesto create
the same effect.



5524 Task-specificrisk factors

55241 Tasksinvolving interaction with animals

Thetaxonomic anaysisof tasksinvolving interaction with animalsgives some
valuableindicationsof areasof priority for future research. In particularitis
noteworthy that it wasin attempting to find or move stock that over athird of the
ridersin the taxonomy found themselves operating on unsuitableterrain for safe
riding. Theinteractivemodel incorporating information processing for quadbike

L CE developedin this study servesas avery useful analysisdevice, enabling a
variety of factor types from governmenta influencesto the detection of subtle
hazardsto be captured and overlaid with datafrom other LCE. Key findings
highlighted by this processinclude the common failureof farm management to plan
adequately for the greatly increased workloadsaround pesk times, and also to
purchase machineswithout critical design weaknesses. At the Activefactor level,
distraction from thetask of riding wasafactorin nearly aquarter of al LCE
involving animals. Further objective studies are warranted, and eye tracking would
certainly be an advantageif present technical lighting difficulties with operating
outside acab can be overcome. In athird of the casestherider wasin control until
they attempted to take action to avoid a hazardous situation and then found that the
machine would not extricatethem. Excess speed wascertainly involved in some
cases, but other more systemic reasonsincluded inherently poor braking and alack
of traction on hard moist surfaces.

5.5.24.2 Spraying

Thefindingsindicate that riders are experiencing L CE through underlying factors
including poor matches between spray systems and the quadbikes used, excessive
changesin handling and braking characteristics when under load or partial load, and
the absenceof asafe and systematic approach to thetask. Thesefactorsinteract with
negligibletraining and inadequate alternative personal skills preparation so that risks
posed by these error-intolerant systems are a so poorly understood.

At an Active Failurelevel, thereistoo great a willingnessto take risksto finish the
job faster, and not simply due to fatigue at theend of along day. At theinformation
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processing stages, the findings suggest that inability to avoid identified and
understood hazardsis not a problem — which may be due to the lower speeds
involvedin thistask. Thesurgingof fluids unbalancing the machine however, does
appear to be afactor in LCE, and reportedly can a so reducethe time availablefor
ridersto react and throw themselvesfrom the machineto avoid entrapment.
Concedled holes and unseen tussocks and lumpsinstigating tips were especialy
problematicfor these already destabilised vehicles. The additiona tanks and hoses
on the quadbike can also restrict egress routes and increase entrapment potential .

Objectivetesting is needed of quadbikeswith commercialy available spray systems
to establish minimum standards of handling performanceand stability in either axis.
At present thereis no control at dl on what can be sold, and gross mismatcheshave
been observed; for example placing 100 litresof fluid high on arack and behind the
rear axle makes abackward flip highly likely during ascent.

55243 Fenci ng

The quadbike does not appear to be well-suited to thistask. Few breachesdf farm
policy on where, or how, to ridewere noted. The predominant underlyingfactors
identified wereinstead that the machine being used was under-sized and with 'too
much being asked of it’. Inthe mgjority of casesthe rider saw the hazards, knew
what to do, and acted upon it, but found the machineincapable of responding
adequately. Commonly the riders reported subsequent purchasesof six-wheeler and
other heavier vehiclesfollowing quadbike L CE of thiskind.

Further study is needed to provide objective datathat can guide safer use of such
lightweight vehiclesfor haulage work, especialy on the hard, dick surfaces as
encountered during the dryer monthsin New Zealand. The development of small
trailers with independent braking is warranted.



5525 Seriousinjury LCE

Haste, and speed generally, were most strongly linked to seriousinjury in the
analysisof two and threefactor combinations. However, at thislevel of analysisthe
spread of identified risk factorsis very wide and the incidence numbers are very
small. Further, specific study is needed with alarger population.

Entrapment of the rider following a quadbike L CE wasfound in this study to
aggravateinjuries and delay receipt of medica attention. Theimportanceof prompt
attention following seriousincidents has been established for survival ratesfrom road
traffic crashes (Redelmeier & Tibshirani, 1997), and similar studies are needed for
gauging appropriateintervention investment levelsin the off-road vehicle sector.

From the detailed findings of the LCE investigations, it is clear that the ROPS fitted
acted asinjury and damage agentsin some L CE and as protective and cost saving
devicesin others — dependant upon the circumstances. Thisis broadly in accord with
the computer simulation studies conducted by both Honda and the UK Health and
Safety Executive. Asaresult, ROPS cannot be seen as a safety featurewith
negligibleside effects.

A potentia sourceof biasin thisline of analysisisthat most riders are aware of the
campaign by Hondato discourage the use of ROPS. Some farmers reported having
removed their ROPS just on the strength of seeing the videos showing computer
simulationspaid for by Hondathat were distributed around New Zealand Y oung
Farmer groups. Those still using ROPS are therefore now sometimesoverly-
defensivedf their decision to continue, and may beinclined to attribute any escape
frominjury in an L CE to having ROPS fitted.

In thelonger term new light vehicle types without the inherent conceptual
mismatchesof quadbikesare needed for key tasksin the New Zedland agricultural
industry. In the meantime, interventionsare required to reduce the incidence and
severity of LCE.
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553 I nterventions

The method produced a substantial body of potentia interventionsrefinediteratively
by consultationin thefield, and addressing most aspects of the systems. The bulk of
these were primary interventionsaimed at preventing L CE, as opposed to reducing
the severity or speeding recovery times. The processwas a strong oneand involved
many hundreds of hours on site discussing theideas, in the context of use, with

individuals and groups ableto critiqueand refine theideas of their peers.

Thediversity of work systems and culturesencountered at the different sites
underlined the importanceof participatory methods, not only in therefining of the
genericintervention ideas, but alsoin theimplementation. Individuals need to be
ableto understand how to tailor the interventionsfrom day to day to fit the dynamics
of their own context. Donald Campbell, in theforewordto Yin’s (1994) text of Case
Study Research, speaksof 'the crucia role of pattern and context in achieving
knowledge." Further work istherefore needed on how to assist farms decide what,
and how, to change using intervention packagesthat match their unique contexts.



5.6 Conclusions

Theaimsof thisevent-specific study were achieved. Potentia interventionswere

al so devel oped through iterative participative methods.

Theinvestigation method proved effective and robust on site, yielding valuable
organisational level/latent factor datathrough its systems perspective. Theinteractive
causation model generated during the study, and which incorporated information
processingfeatures, reflected this approach, and provided a useful analytical and
descriptivetool for both risk factors and their countermeasures.

The study generated detailed data on those who had experienced loss of control
events and the circumstancesincluding: employment status, demographicvariables
(gender, age), temporal (time of day, month), ground conditions, terrain, isolation,
ancillary implementsin use, injury types, characteristicsof the more seriousinjury
casesincluding entrapment, and the presenceof roll-over protectivestructuresas
protectiveor injury agents.

From the findings reported in this chapter, it must be concluded that thereis evidence
of significant mismatches between the actual characteristicsof quadbikessold for
farm usein New Zealand and those characteristicsthat would be desirable based on
thetypical usagedf thesevehicles. Thereare conceptua weaknessesin using a
vehicledesigned for recreational use on soft surfacesfor occupational purposeson

all ground conditions - including the towing of heavy loads on hard dlick surfaces
during high summer.

In the next chapter the key findingsfrom Chapters 1-5 are reviewed, directionsfor
further research identified and final conclusionsdrawn.
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