Chapter One

Introduction



1.1 Introduction

The attractionsof quadbikes over tractorsor utility trucks (also known as pick-up
trucksor uteselsawhere) to farmersincludeaffordability, compactness, speedinto
remoteareas, low impact on plant beds and other sensitive surfaces and the ability to
carry loads of more than onethird of the vehicle's own weight (Low, 2000). For the
purposesof this study, quadbikes were defined as four-wheel ed motorbike-derived
vehicleswith handlebar steering systems which may or may not require weight-shift

in riding.

The New Zedand farming community has a reputation for improvisation and finding
novel money-saving applicationsfor products conceived for other purposes. Thisis
probably true of farmers everywhere, but the remotenessof New Zedand from the
big manufacturing centresof the Northern Hemisphere, and the commensurately high
cost of imported equipment has contributed to this culture.

The presencein the market of three and four-wheeled recreationa All-Terrain
Vehicles(ATV) since the 1970s and ‘80s has presented an opportunity for farm
owners and contractors to not only improve transportation into remote areas and
hence reduce labour costs, but more significantly to cut capital outlay on vehiclesby
having asingle machinethat can potentially replace several others. The widespread
uptake of thefour-whedled ATV (quadbike) has resulted in areductionin the use of
horses, two-wheeled motorbikes, light tractors, and 4WD utility trucks such as
Landroversand Jeeps. Approximately, 70,000 quadbikesare now in usein Newv
Zedand farming. Unfortunately, this surge has been accompanied by high rates of
injury and damage.

Direct insurerscosts werein excessof $3.6 million on new and on-going quadbike-
related ACC claimsin 2003-4. The Department of Labour [ Occupational Safety and
Health section] spokesmanfor Agricultureidentified quadbike use (Ward, 2002) as
their single greatest areaof concernin farm safety. There have been on average
seven deaths a year involving quadbikeson farmsin recent years.



Theresearch reportedin thisthesis, investigating the problem of Lossof Control
Events (LCE) involving quad bikeson New Zedland farms, wasdesigned as a
responseto this problem.

LCE are definedfor the purposesof this research as those situations where the riders
on amoving vehiclefind themselvesunableto prevent either personal injury or
damageto the machinefrom occurring. Near-missincidents where control was|ogt,
but no damage occurred, were excluded during the analysisstage of theinvestigation
study reportedin Chapter Five. The reason for omitting near-missesfrom this study
wasthat the opportunitiesfor triangulation of data concerningthe eventsweref a.
greater where medical records, workshop records and physical damagetracesin the
landscapewere also available. For historical near-missincidents without witnesses,
the potential for objectivity is greatly reduced.

In thischapter, | will discussthe history of quadbikes, the approach and aimsaf the
research, and the structure of thisthesis.



1.2 Problem Statement

A literature review by ACC in 2000 concluded that ‘current information availablein
Audtradliaand New Zedland is insufficient to establish the cost, frequency and nature
of ATV injuries, or even to confidently adopt research findings based on US
statistics' (ACC, 2000).

Despitethisclear cautionary statement, intervention strategies such asthe ATV

hel met campaign were being formulated by ACC, OSH and others based on studies
using North American data- regardiess of the potentially significant differencesin
contexts of use between the United States and New Zedland.

The state of knowledgeat this point was that: the burden of cost from quadbike L CE
and thelevel of public concernin rural communitieswere substantial —with fatalities
trending up though the 1990s; the mgority of machinesin New Zealand were bought
for occupationa usein agriculture; and researchin Southland (Brown, 1998) had
concluded that the more seriousinjurieswere commonly linked to loss of control
eventsresulting in rollover. Beyond this, the extent and natureof theinjury toll in
New Zedand remained largely unknown.



1.3 Safe Family Fun: a short history of quadbikes

Honda produced thefirst three-wheeler (the US90) in the 1970sand it cameto public
prominence as an agile escape vehiclefor 007 in 'Diamonds are Forever'. The
resulting perception was that vehicleswere fun to ride. They had no mechanical
suspension, just balloontyreswhich gaveit the uniqueriding characteristicsof a
motorised Space Hopper, and added to deceptivefirst impressionsthat they were just
abig safetoy (Karnes, Leonard & Newboldt, 1988).

Figure1.2 1976 modd trike still being used for towing on the Coromandel
peninsula, North Island

Conceptually they are quitedifferent to motor bikesor small 4AWVD jeep-likevehicles.
The suspensionisless of an issue now that most have mechanical systems, but the
cornering remains problematic. Rather than leaning into theturn, as you need to on a
two-wheeler bike, at low speedstherider hasto |ean away from the corner to take the
weight off theinner wheelsuntil they lift dightly. Thisdestabilisationis needed as
thelack of adifferential on the axle meansthat the inner drive wheelson an ATV do

not dow down relativeto the outer ones - asthey do on acar going round a corner.



Thisleaning towards the danger' is counter-intuitiveto peoplewith experience of

bicycles and motorbikes.

They are d'so morelikely toroll, and roll more quickly than other vehicle typesthe
riderswill have had experience of. Quadbikeshave a wheelbase about the same size
asthat of ago-kart, but whereasthekarter’s body weight acts just a very few inches
from thefloor so that the machine skids around corners, the ATV operator issitting
haf ametre or so higher. Asaresult the machinewill generally tip beforeit dides.
The higher centre of gravity is dueto the perceived need by the designersfor the

quadbike to have good clearance over rocksetc.

Beforethe 1970s, there had been attempts to devel op utility go-anywhere vehiclesin
New Zedand but theseinitiativesended with the influx of cheaper, smaller
recreationa ATV from offshore. One of several home-grown exampleswas the 6x6
Transtruck, designed and built in Canterbury using a Leyland engine (Figure 1.3).
South Idand farmers who had owned these machinesrecalled that thelocal
manufacturerswent briefly into commercia production before being forced out of
the market by the cheaper imported options. The Transtruck was a sturdy unit
intended for getting fencing materias, bulk feed and other heavy loads out into the

awkward remote corners of the property; afew, such asone below, aretill in use

thirty yearslater.

Figure1.3 Transtruck 6x6, still in use on a Canterbury farm

Theterm 'al-terrain vehicle isnow used internationallyto cover arangeof open-
topped motorised buggies and three-wheel ersdesigned for off-road use. The



American National StandardsInstitute (ANSI) definesan ATV asasinglerider
vehiclethat travelson low pressuretyres, has astraddle seat and handlebarsfor
steering rather than awhedl or other means. Thefour-wheeled versionsare known as
"quads® or “quadbikes” in New Zedand; “ATVs”, "'four-wheders" or ""quads” in
Australia, the United Statesand English speaking Canada; and "' quadrimotos”*, or
more commonly "' vehiculestout-terrain (VTT)” in French speaking countries. They
are sometimesal so bracketed as Off Highway Vehicles (OHV) or Off Road Vehicles
(ORV).

Originally no bigger than 250cc, models now come with enginesfrom 50cc to 800cc
and are basicaly divided into two types, sport modelsand utility vehicles. Sports
modelsare designed to befaster and lighter than the utility quadbikes.

Figure 1.4 Sportsmodelssuch asthis one arelighter and more manoeuvrable



1.3.1 Usage

Roughly 290,000 trikes were sold in North Americain the 1970s (Ford & Mazis,
1996), but salesexpanded dramatically in the early 1980s. A further 290,000 were
sold in the year of 982 alone, and at the peak in 1984, 464,000 trikesand 161,000
quadbikeswere bought in the United States.

The new concept of four-wheeled ATV caught on very fast. Consumer Product
Safety Commission (CPSC) figuresquoted by Ford & Maxzis, (1996) show the four-
wheded ATV having only 25% of the US marketin 1983. In Canada, studies
conductedin the mid 1980s (DeLisle, L aberge-Nadeau & Brown, 1988; Delide,

L aberge-Nadeau & Brown, 1989) found approximately 85% of the riders had been
using trikes, and just 15% quadbikes. However, the HondaBig Red and the Suzuki
QuadRunner launched latein 1983 proved very successful and trikes quickly lost
their dominant market shareto the four-whedlers. The HondaBig Red had
mechanical suspension and racksfor carrying loads which madeit popular with

huntersand trail ridersin North America.

—r
|

Figurel5 Early two-wheded drive 250cc model - very easy to steer by comparison
to heavier more recent 4AWD quadbikes

The QuadRunner was alightweight beginners machine, which athough designed for
recreation was very popular dueto its manoeuvrability and ease of steering — not
only in North Americabut also with older ridersin New Zedand who till complain

about its replacement by the heavier newer models.

All-whed drive vehicles have clear advantagesfor thetrail riders and farmers who
wish to haul loads, and in 1986 the first 4WD quadbike was produced - the Honda



FourTrax. The other manufacturersquickly produced their own versionsand the 4x4
became, and remainsto this day, the most popular utility type. They outsell the two-
whedl drive modelsby aratio of 3:1in the New Zealand farming market.

Figure1.6 Late model 4WD Hondaon alarge South Iand sheep station

1.3.2 Concernswith quadbikes

Concernsabout quadbikeswere registered at an early stage. Thefirst of the threeor
four whedler ATV that would be recognised today as such, was shipped from Japan
to Honda Californiain 1970 for assessment of suitability on the US market
(Cabaniss, Wegis & Thomas, 1992). It was marketed as being fun for all agesfrom 7
to 70. Theengineer isreported to have taken it out for atest ride and promptly rolled
it over. He recommended replacing thefixed axle with a differential axle so that
turns could be easier and not require onetyreto belifted off the floor, as described
earlier. He a so suggested replacing the long banana seat with a saddle seat, as he felt

the former encouraged passengers.

Initial public concern resulted in action (Deppa, 1984) by the Consumer Product
Safety Commission (CPSC) in 1984. They conducted case study investigationsand
some engineering analysis. Thefindingsincluded serious doubts about the stability
and handling characteristics, which resulted in the release of anumber of ** Safety

Alerts" asameans of providing information to the public.



By 1985, degths per year per 1,000 ATV in use were peaking a 0.15 (Ford & Mazis,
1996), which was four times the rate reported just three years previoudly. Thiswas
attributed in part to the very high number of noviceridersthat were out on their new
machinesfor thefirst time (Newman, 1985). Ridersin ther first month werefound
by Newman to have 13 timesthe risk than those with more than four weeks
experience.

From these early days, there was particular concern about the high numbers of young
ridersbeing hurt. 1n 1986 Hondadeclined arequest from CPSC to cease production
of ATV intended for use by children under theage of 12. It had been found that
children had twice theincidence of death and injury from ATV asadult riders
(Newman, 1985).

Pressure continued to mount on the manufacturers, as concerns about injury rates
wereraised in a number of reportsfrom academicsas well as Government agencies
(Deppa, 1986; Kriel, Sheehan, Krach, Kriel & Rolewicz, 1986; Sneed, Stover &
Fine, 1986, Trager, Grayman & Harr, 1986). It isnot possibleto tell how much of a
problem was presented by the quadbikes as opposed to the trikes in theseincidents
though, as many of the North American publications grouped them all as ATV
without further distinction. In those studies of incidentsa thistime whereit was
known how many wheelsthe machinein question had however, the three-whedler
machines were suggested to be especialy dangerous. They were linked to an injury
ratetwicethat of the four-whedlersby Cabanisset a (1992) in the yearsthat both
typeswere commonly in use. Early assessmentshad been limited to epidemiological
and mechanical engineering exercises, but by 1987 studiescritical of conceptual
aspectsof ATV were being reported in the ergonomics and human factorsliterature
(Karnes, Leonard & Scheider, 1987; Kvalseth, 1987).

By thelate 1980s, the US Department of Justice (DOJ) had prepared its case and
filed acomplaint alleging that **the mechanical propertiesof ATV, when coupled
with their deceptively safe appearance, result in arisk of injury and desth to usars”,
particularly for inexperienced and young operators (United Statesv. American



Honda Motor Company Inc, 1988). The DOJcomplaint aso highlightedthat the
promotional messagesreinforced theincorrect public perception that these vehicles
were especialy safe and stable. In fact four specific design featureswere identified
as causing problems- especially to young and noviceridersfor whom the concept of
the machinesdid not fit their expectations. These were: high centreof gravity
combined with small wheelbase, the need for counter-intuitiveweight shift to the
outer tyre when cornering, the balloon tyres designed to substitutefor suspension
which would 'rebound’ when braking or turning hard on bumps, and finally the
excessivegrip achieved on hard paved surfaces by the soft knobbly tyres designed
for soft surfaces.

The action against the manufacturer resulted i n a settlement that included a number
of interventionsvoluntarily adopted not just by Hondabut by dl themain playersof
theindustry. The compromise dealsincluded the voluntary withdrawa of the three-
whedler ATVs from the United States market — although Ford & Mazis (1996) note
that by the time this happened the manufacturershad already decided thefuturewas
with quadbikeswhich were accounting for 94% of the sales, and had ceased
productionof thethree-wheelersanyway. In New Zealand, no such withdrawal of
trikesfrom the market took place.

Injured riders and the familiesof those who havedied usng ATV inthe USA had
little successin private actionsagainst the manufacturers. Wegis, alawyer who had
previoudly worked for the Consumer Product Safety Commission (CPSC), devel oped
a35 point ATV investigation checklist (Cabanisset d., 1992) for the use of plaintiff
teamsfiling legal actions against the ATV manufacturers. Wegis stressed the
importanceof meticulous preparation as the manufacturerswere spending in the
region of six timesas much on thelegal proceedingsas the plaintiff, and also
conducting market research on how best sell their defenceto thejurors.

There are opposing views on the success of the US Government agency the CPSCin

minimising the risksto the public. The CPSC have consistently defended their
approach (Rodgers, 1993; Rodger, 1996; Rodgers& Adler, 2001) principally by
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pointing out that there was afatality rate of 1.5 per 1,000 machinesin 1985 prior to
decreestaking effect, and by 1997 that fatality rate had halved. Others, including
Moore and Magat (1997), arguethat the Government achieved littlethat altered the
course the manufacturerswanted to take.  Profits were, and continue to be,
maximised by mideading potential buyers, while carefully telling the public just
enough about the redl risksto keep their legal position and hence court costs tenable
(Ford & Mazis, 1996). The situation in the United States has escalated in recent
yearsto the extent that the forma effortsof CPSC are being supplemented and
extended by more passionate Community lobbying groups such as the Concerned
Familiesfor ATV Safety (htp://www.atvsafetynet.org/).

Apart from alocal study in Southland (Brown, 1988) in the early *90s, no formal
research was done on quadbike incidentsin New Zedland until 1996 when an
Agricultura Safety Focus Group coordinated by OSH ran asurvey on ATV usein
New Zealand (OSH, 1998). The project was promising but the findings, as reported
in Chapter Two, were not as useful asthey could have been due to inconsistenciesby
the OSH saff collecting the datain thefield, and to political and socia biases
introduced by their collaborators, Federated Farmers.

A small number of quadbikeswere soldin New Zealand for adventure tourismin the
1990s, but from personal communicationsreceived during this study, it appearsthat
operators haveincreasingly switched to lower-risk aternatives as quadbikes proved
too hazardousfor customers. New Zedland now accountsfor approximately 1% of
worldwidequadbike sales (Cooper-Smith, 2004)
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1.4 Approach of theresearch

'‘Because every factor interactsin a socia system, because every thing, every property, every relationisthereforein a state of
mutual dependencewith everything else, ordinary cause-and-effectanalysis of eventsisrarely possble. Infactit is nearly
aways grossly misleading; ..

(L.J. Henderson, from his Sociology 23 Lectures 1941. Publishedin: Barber, 1970. p139)

141 Systemsapproach

An ergonomicsapproach isfollowed in investigating the problem of quadbike LCE
on farms. It considersL CE from the perspectiveof theinteractionsbetween the
user, their equipment, the task and their physical and social environment. Thisisthe
first study to apply a systems perspectiveto quadbike LCE.

14.2 Participatory methods

A consistent messagethat emergesin the agricultural injury prevention literatureis
that pragmatic participative methods need to be used in the devel opment of
interventions(Bentley, Moore, Tappin, Legg, Parker, & Ashby, 2005; Glasscock,
Hansen, Rasmussen, Carstensen, Lauritsen, 1994; O'Neill, 1997; O'Neill, 2001).

'Thereis probably no other industry in which interactionswith economic constraints, cultural factors
and engineering design are so critical to the development ofergonomics solutions, and in which

participative approachesare so crucial to their implementation'.(O’Neill, 2001).

Thebenefitsof participative methodsgenerally are reported to includeimproved
design ideas and smoother implementation (Wilson, Haines& Morris, 2005) and
these have been found to apply in agriculture as elsewhere. This research therefore
adopted key features of a Participatory methodology (Haines, Wilson, Vink &
Koningsfeld, 2002) in the collection of data and the devel opment of interventions.

13



1.4.3 Intervention deveopment

In the conflict between the desirableand the possible, the possible alwayswins, ...
The practiceof field rescarchisthe art of the possible' (Buchananet al., 1988: 54-55)

During the process of setting up the pilot studies, it very quickly becameclear that to
gain the support of thelargely self-employed farming community, the overall
exercisehad to make senseto them, with their participation representing a
worthwhileuse of their time. Oneway of achieving thiswasto exploresystem-wide
risk factors, and to also embrace remedia interventions.



15 Aims of theresearch

Theamsof the research reported in thisthesisweretto:

|. Establishthescadeof the problemof loss of control events (LCE) involving
quadbikeson New Zedland farms

2. Establishan understanding of the context of quadbike use on New Zealand
farms, including the functional requirementsaof the tasks relating to the
quadbike

3. Deveopasauitableinvestigativemethod for the analysisof quadbike LCE on
New Zedlandfarms

4. ldentifyrisk factorsfor LCE and their interactions

5. ldentify potentia interventions that would reduce the incidence and/or
severity of quadbike-related LCE on New Zedland farms.

An ancillary am was to a so comparethe characteristicsof the LCE on New Zedland

farms with those reported in North Americato assess whether or not the practice of
importing intervention ideas was supported by the evidence base.
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1.6 Structure of the thesis

The structure of the thesisreflectsthe sequentia progression of the studies as the

research aims were met. Thissequenceis shown diagrammatically in Figure 1.7.

Chapter 1
* Problem analysis
e Background history

Chapter 2
¢ Main lit review e Literature monitoring e 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)

Chapter 5 (Aims 3, 4,& 5)
¢ LCE Investigations

Time

Figure1.7 Diagram showing sequential progression of studies

Theam of theliteraturereview in Chapter Two wasto critically analysethe existing
body of literaturerelated to the study aims, and discuss: established knowledge, gaps
in understanding and conflicting evidence. Thischapter deals with the literature
relating specifically to quadbike L CE, quadbike use and interventions. Potentially
useful theoretical structures and methods are discussed in the relevant chapters, most
notably Chapter Five where the literature on variousinvestigative approaches,

incident causation modelsand issues such asrecall reliability isreviewed.

The objective of the research reported in Chapter Three was to develop a more
detailed overview of the problemin New Zeaand, drawing on archival data,
predominantly those collected by the state-run insurer the Accident Compensation
Corporation. The study is adescriptive epidemiological analysisof ACC Claims
Data, in the period July 2000 - July 2001. The particular aimsof this
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epidemiological study wereto identify patterns and trendsin quadbike-related

claims, and to determineincident event/injury mechanisminformation.

The" context for ergonomicschange” (Kleiner, 2006), isexplored in Chapter Four,
viaincident-independentanalysisof thetasks, the user characteristicsand the
machines. The aim of the study reported in this chapter was to gain an understanding
of the systemswithin which quadbikes operate on New Zealandfarms. Thiswas
necessary in order to interpret investigation data to sufficient depth, and to develop
interventionsthat fitted within the system as a whole - interventionsthat would
effectively address problemswithout creating others.

Theaimsof theresearch reported in Chapter Five wereto develop asuitable
investigative method for the analysisof quadbike L CE on New Zealand farms,
identify risk factorsfor LCE and their interactions, and to identify potential
interventionsthat would reduce theincidence and/or severity of quadbike-related
LCE on New Zealand farms. The methodology section includesdiscussionon
investigative approaches, incident causation modelsand issues pertinent to the design
of the site proceduresand interview schedule design such asrecall reliability and
context dependent memory. The findings section employsa new interactiveand

information processing model for off-road vehicleincidents, devel oped during this

study.
In Chapter Six the key findings are reviewed and the unique contribution of both

methodol ogy and content to knowledgeare discussed. Directionsfor future research
areoutlined.
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1.7 Ethical considerations

An Ethical Application was submitted to the Massey University Human Ethics
Committee (MUHEC). Following further explanation and discussion with the Chair
- Professor SylviaRumball, appropriate amendmentswere made and the proposed
protocol was approved as PN Protocol — 011128 (Appendix I).

The contract signed by ACC and the Researcher also included provisionsreflecting
the concerns and the agreed means of addressing them. The specific ethical
considerationsidentified, and the means by which they were addressed, are as
follows.

1.7.1 Workingwith ACC claimsdata

The concernsof ACC were that the data should not be used for other than the agreed
purposes, and that individuals should not be persondly identifiablein any papers,
reports, presentationsetc. arisingfrom the study. Assurancesweregivento ACC
that the datawould be stored in a secure place and destroyed after the completion of
theresearch. Additionally, ACC was assured that no individua would beidentified
in any report published. These were also Massey University Ethics Committee
requirements. The publications based on these records used only aggregated data.

The data set of 850 cases (claims) was provided by ACC in electronicdisc form.
Upon receipt the data were checked for compl eteness and obvious corruptionsor
errors, i.e. internal contradictionsin gender, location or rider age. All information
relating to claimant identity and non-essential confidential details were then deleted.
Thisversion was then saved as an EXCEL Master file, and the ACC origina verson
asreceived was destroyed.



172 Interviewing ACC claimants

The primary ethical issueidentified was that theindividuals may be fearful that
sensitiveinformation provided during the study would find its way back to ACC, and
as aconsequence, the support they were receiving could be reduced. It became
apparent that in some cases, legal disputes werein progress with thelocal ACC

officeon this, or other, claims.

It was made clear in the Information Sheet provided to each person taking part
(Appendix 1) that confidentiality could be guaranteed as theinterviewer was not an
ACC employee and therefore could not and would not releasedataat alater date.
Each case was given a uniqueidentification code number in placeof the claimant
name. Thelist linking namesto codes (necessary for later iterations of analysis) was
not stored with the site notes.

On site, before commencing the interview, each subject wastold that the researcher
was an independent consultant conducting research leading to a PhD under the
auspicesof Massey University. Specific questions about data security and reporting
were answered and personal assurancesregarding destruction of dataat the

completion of the study were given.

1.7.3 Conductingsitevistsand interviews

Confidentiality of datawas of paramount concernfor the sitework in genera. Any
fears held by subjectsthat their comments might get back to their employer,
colleaguesor insurerswould a so impact directly on the quality and compl etenessof
information gathered. Clear and pragmatic ethical compliancewas thereforealso a
key component in the methodology. The researcher aimed to establish a high level
of trust with the people being interviewed. This contributed to the decisionto
undertakecostly and time-consumingface to facefield interviews - as opposed to
the postal, telephoneor brief doorstep interviews used in previousquadbike studies
in New Zealand.
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On gite, each individud had the choice of being interviewed done or with family
members, employersor colleagues. Care was taken to ensure that the subject was
indeed comfortablewith others being present, where this was requested, and was not
accepting thisunder duress.  The occurrencecof LCE resultingin injuriesto workers
and stock, and damage to the machines or property, can understandably provoke
tension between the rider and others around them. Blame attributionand
disagreement over the causal factorswerestill generatingill-ease on many farms at
thetimed thesitevisits. The owner or manager of the farm asked to be present in
three casesin order to know what was being said about the reasonsfor the LCE, and
where blame was being placed. They appeared to be concerned that a biased account
of eventswould be handed to OSH or ACC, with adverseoutcomes for thefarm
operation or themsalves personally. The importanceof confidentiality wasexplained
to theemployersand the interviews proceeded without their presence. In one case
however, the employer was not prepared to offer sufficient privacy for the subject to
speak openly and thelimited data collected were not entered onto the L CE database.

Discussionson how best to protect theidentity of contributorsreporting relatively
small numbersdf events were held with technical aviation writersat the Civil
Aviation Authority and designer/administrators of the New Zedand CHIRP system
on good practice in the publishing of Confidential Reporting System findingsin
commercid aviation. The underlying principle suggested, and adopted, was that all
non-essential detail that could triangulateto identify theindividua should be stripped
out. Thisdiffered from caseto case, but commonly included specific region, exact
age and gender.





