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Risk Compensation and Bicycle Helmets

Ross Owen Phillips,* Aslak Fyhri, and Fridulv Sagberg

This study investigated risk compensation by cyclists in response to bicycle helmet wearing by
observing changes in cycling behavior, reported experience of risk, and a possible objective
measure of experienced risk. The suitability of heart rate variability (HRV) as an objective
measure of experienced risk was assessed beforehand by recording HRV measures in nine
participants watching a thriller film. We observed a significant decrease in HRV in line with
expected increases in psychological challenge presented by the film. HRV was then used
along with cycling pace and self-reported risk in a field experiment in which 35 cyclist vol-
unteers cycled 0.4 km downhill, once with and once without a helmet. Routine helmet users
reported higher experienced risk and cycled slower when they did not wear their helmet in
the experiment than when they did wear their helmet, although there was no corresponding
change in HRV. For cyclists not accustomed to helmets, there were no changes in speed, per-
ceived risk, or any other measures when cycling with versus without a helmet. The findings
are consistent with the notion that those who use helmets routinely perceive reduced risk
when wearing a helmet, and compensate by cycling faster. They thus give some support to
those urging caution in the use of helmet laws.
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1. INTRODUCTION

Bicycle helmets have the potential to reduce
head injuries according to several cross-sectional
case-control studies.(l:?) Other evidence suggests that
the introduction of helmet laws does not result in
clear safety effects.3~>) One explanation given for
the ambiguous effects of helmets is that cyclists per-
ceive the risk of injury to be lower when wearing a
helmet, and instinctively compensate by cycling more
aggressively, according to the theory of risk compen-
sation.(*+%7) There is some support for this idea, with
a recent study of children running over an obsta-
cle course observing significant risk compensation in
response to helmet and wrist-guard wearing.®® How-
ever, there is no published evidence of risk com-
pensation by cyclists in response to bicycle helmet
wearing.

*Address correspondence to Ross Owen Phillips, Gaustadalleen
21, 0349 Oslo, Norway; rph@toi.no.

The concept of risk compensation has a firm
basis in the domain of driver behavior research,
which typically describes how perceived risk influ-
ences various safe driving behaviors. In this tradition,
risk perception is often only inferred from observed
behavior or accident rates—it is rarely measured.
This contrasts with research in the risk perception
tradition, in which survey methods are often used
to try to explain the components of risk perception,
but behavioral outcomes are rarely measured.(®) The
most convincing evidence for or against risk compen-
sation would need to be gathered using a research
strategy based in both traditions, that is, one that
seeks to both explain the components of risk percep-
tion and link those components to associated safety
behaviors.

The role of emotion in making judgments and
evaluating risk has long been promoted.(%!D) It is
also used by theorists in models of time-limited
car driving, as well as cycling and other control of
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self-movement.(!?) The notion of “emotional heuris-
tics” proposes that safety margins and emotional risk
work as heuristics in driving as well as in dynamic
decision making in hazardous situations.('> More re-
cently, Vaa expanded on attempts to include emo-
tions as a guiding principle in risk monitoring by road
users.!) Despite these accounts, there are few at-
tempts to account for emotion as a major component
of risk perceived by road users in traffic using objec-
tively measured emotional reactions.(>

One way to measure emotional or mental load is
using psychophysiological indicators.(!®) One indica-
tor, which has been used to measure mental load in
car driving, is heart rate variability (HRV).(!” HRV
describes the variability in R-R intervals (effectively
the time between two successive heart beats) due to
the synergistic action of the parasympathetic (PNS)
and sympathetic (SNS) branches of the autonomic
nervous system. The balance and coordination of the
PNS and SNS is not yet fully understood, but there is
broad consensus that the PNS works to maintain the
body at rest while the SNS mobilizes resources for ac-
tion under conditions of stress or challenge.(1%19) Be-
cause deactivation of the PNS results in a decrease
in HRV, a reduction in HRV is often used by re-
searchers as an indicator of increased psychophysio-
logical challenge.®*?) A potential limitation of HRV
is that like any psychophysiological measure, the in-
terpretation of any changes caused by psychological
challenge could be confounded by any accompanying
changes due to varying physical demand.

A study finding that risk compensation cannot be
detected from between-subject comparisons suggests
that attempts to demonstrate risk compensation in
response to a safety device should seek to measure
within-subjects differences in experienced risk and
safety behavior.??) For measuring risk compensation
in response to bicycle helmets, a within-subjects de-
sign also avoids problems associated with the differ-
ent safety attitudes of routine helmet users compared
to those of other cyclists.(*3-2%)

The main research question in this study was
whether or not the potential safety benefits of cycle
helmets are reduced by cyclists’ tendency to cycle
faster in order to compensate for a reduction in risk
experienced when wearing them. We began in the
laboratory by validating two measures of HRV as
objective indicators of the emotional challenge expe-
rienced while perceiving increased risk: pNN50 and
SD1/SD2,627) where pNNS50 is the proportion of
times the change in consecutive normal sinus R-R
intervals (NN) exceeds 50 milliseconds; and in the
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SD1/SD2 ratio, SD1 reflects the variability of suc-
cessive differences between R-R intervals, and SD2
reflects the variability of the entire series of R-R
intervals measurements over the longer term. Then,
in a field experiment we measured within-subject dif-
ferences in cycling behavior (pace), subjectively per-
ceived risk, and HRV in volunteer cyclists cycling
downhill with and without a bicycle helmet.

2. METHOD

2.1. Validation of HRYV Indicators
in the Laboratory

2.1.1. Using Pictures

We first attempted to measure psychophysio-
logical response in two participants as they sat and
watched a series of 60 pictures from the International
Affective Picture System (IAPS), selected to elicit
varying levels of emotional intensity.® In particu-
lar, we expected reductions in the HRV measures for
pictures with IAPS reference 3000, 3120, and 3130,
which have high emotional arousal according to pub-
lished norms. Each test slide was presented for 6 s
followed by a blank recovery slide for 15 s and then a
preparation slide for 5 s. R-R interval data were col-
lected using a wrist-watch heart rate monitor (Polar
RSSOOCX®; Polar Electro, Norway) for 23 s following
the appearance of each picture slide.

2.1.2. Using Films

R-R intervals were recorded continuously in
seven participants as they sat and watched two 20-
minute films presented on a large screen (ca. 2.5 x
2.0 m) placed 4 m away. One of the films was gen-
tly humorous (first 20 minutes of the American sit-
uation comedy Everybody Loves Raymond, “Debra
is Sick,” 1999), the other full of suspense (first 20
minutes of the American thriller film The Hitcher,
2007). Measures recorded during the comedy film
were taken as baseline, since humorous emotional
responses are reported to result in relatively little
parasympathetic arousal.?” Two additional partici-
pants were instructed to cycle gently on a station-
ary exercise bike while watching the films. The order
of the test and control films was alternated for each
successive participant in order to control for order
effects.
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2.1.3. Analysis

Values for pNN50, SD1, and SD2 were output
automatically from the heart rate monitor data us-
ing Polar ProTrainer 5.0~ software (Polar Electro,
Norway). pNN10 (proportion of times the change in
consecutive R-R intervals exceed 10 milliseconds)
was calculated from the R-R data as necessary. In
the case of the picture experiments, these measures
were calculated for the fixed 23 s time interval (see
above). In the case of the film experiments, the mea-
sures were calculated for the whole 20-minute period
of the film or over predefined 2:20 s periods within
the film. Checks were made to see whether the order
of film showing was significant before proceeding to
test for any differences between film types.

2.2. Cycling Pace, Self-Reported Experience,
and HRY of Participants Cycling
With Versus Without a Helmet

A field experiment was carried out across
four weekday afternoons in September 2009 in
Sognsveien, Oslo, where a cycle lane runs 0.4 km
downhill to meet a busy junction (Ullevalsveien,
Oslo; more details available from author on request).

To calculate the number of participants required,
an a priori power calculation was performed assum-
ing a large effect size (partial eta squared = 0.15).
Consequently, we aimed for a sample size of n = 35,
which gave us a power of 80% at an alpha level of
0.1. The protocol was as follows:

A first researcher stood at the side of the path,
at the designated start point, and asked any passing
cyclists if they would participate in an experiment.
Consenting cyclists were fitted with a heart rate mon-
itor and asked to sit and rest for 2 minutes while a
baseline measure of their heart rate was recorded.
The heart rate monitor continued recording until the
experiment was over. One of two test bicycles fitted
with a speedometer was given to the participant and
the seat height adjusted accordingly. The participant
was then instructed to cycle as he or she normally
would, along the test route; they were not told about
the purpose of the experiment. On reaching a sec-
ond researcher standing at the end of the test route,
each participant was asked to read and answer Sur-
vey 1 (below) and then return to the start point. Once
there, the first researcher ensured that the participant
rested until his or her heart rate was back at the orig-
inal baseline level. The participant was then asked
to cycle the test route again as he or she normally

would. On reaching the second researcher for a sec-
ond time, they were asked to fill out Surveys 1 and 2
(below).

Each participant was asked to wear his or her
own helmet either in the first or second round of cy-
cling. If they did not arrive with a helmet they were
loaned one.

2.3. Survey 1

Survey 1 asked participants whether they had
been hindered on the test route. To assess how they
felt while cycling they were also asked on a 5-point
scale ranging from “not at all” to “a large amount” to
assess the level of (i) discomfort; (ii) excitement; and
(iii) personal insecurity experienced as they cycled
the test route. They were also asked to rate the actual
risk for an accident (accident risk) as they cycled the
test route, on a 7-point-scale ranging from “not likely
at all” to “very likely.” The first researcher recorded
time of day, gender, age, and whether or not the par-
ticipant arrived at site wearing a helmet and subse-
quently used that helmet for the experiment (own
helmet) and added these data to Survey 1.

2.4. Survey 2

Survey 2 instructed participants to rate how
much they normally felt unsafe while out cycling (on
a 7-point scale ranging from “not at all” to “very
much”); the objective accident risk for cycling (on a
7-point scale ranging from “not likely at all” to “very
likely”); and how much they normally use a cycle
helmet (normal helmet use; on a 7-point scale rang-
ing from “never” to “always”). There were then six
questions on cycling habits addressing seasonal cy-
cling; cycling frequency; familiarity with test route;
need for speed while cycling; annoyance with other
road users while cycling; and competitiveness while
cycling.

2.5. Accounting for Order Effects

In the field experiment, whether a helmet was
worn on the first or second trip was alternated be-
tween successive participants in order to control for
order effects. In addition, a dichotomous variable or-
der was created to denote whether the participant cy-
cled with a helmet in the first or second round. This
variable was used to account for any chance order
effects during statistical analyses.



2.6. Analysis

Measurements were analyzed using Polar Pro-
Trainer 5.0~ software, which generates a plot of pace
(s/km), heart rate (bpm), and R-R intervals (ms) and
gives average heart rate, SD1, SD2, and pNN data for
time intervals defined by the researcher.

To analyze the field experiment data, a mixed
between-within subjects analysis of variance was con-
ducted to assess the impact of own helmet (whether
or not participant arrived at site wearing a helmet
and subsequently used that helmet for the exper-
iment) and normal helmet use variables on pace
when cycling with versus without a helmet. To al-
low for comparisons with own helmet, a dichoto-
mous variable—reported helmet use—was created
for some analyses by recoding normal helmet use 1
to 3 =0 and 4 to 7 = 1. When testing for differences
according to whether or not a helmet was used on
the test route, the order of the helmet wearing was
controlled for by fitting order as a first step in the
analysis.

2.7. Follow-Up Field Experiment

The above protocol was also used in a follow-up
experiment. In this experiment, the “safe” condition
was cycling with two hands on the handlebars and
the “unsafe” condition was cycling with one hand
on the handlebars. Data from nine participants were
collected as they cycled on various circular routes
in the Oslo city center, with an average distance of
0.5 km (SD 0.2 km). Data from four additional par-
ticipants were collected as they cycled 0.9 km on a
quiet cycle path about 3 km outside the Oslo city cen-
ter, leading along Makrellbekken, downhill towards
Morgedalsvegen.

3. RESULTS
3.1 Validation of HRV Measures

There were no indications of association be-
tween the percentage variation in successive R-R
intervals, pNN50, or SD1/SD2 and the level of
emotional arousal elicited by each IAPS test slide
according to published norms. We therefore aban-
doned the picture experiment after testing two
participants.

As expected, the SD1/SD2 for the whole 20
minutes of each film was significantly lower for the
thriller than for the comedy (p = 0.021), but the cor-
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Table I. Comparison of Mean Values of Psychophysiological
Load Indicators Measured in Seven Participants While Viewing
a Comedy and a Thriller Film (20 Minutes Each)

Film pNNS0 SD1/SD2
Comedy 10.5 0.41
Thriller 9.9 0.35
Difference —0.6 —0.06
SED 1.87 0.025
p (1-way paired t-test) 0.38 0.021

responding difference in pNN50 was not significant
at an alpha level of 0.05 (Table I).

In contrast, there was a significant decrease in
pNNS50 in line with increasing suspense over the
course of the thriller film, as measured by the change
from a gentle introduction period between 1:10 to
3:30 s to a period of heightened suspense between
14:10 and 16:30 s (Table II); but there was no
corresponding decrease in SD1/SD2 (Table III).

However, when values for the period of height-
ened suspense were compared with those for the
same period into the comedy film, both pNN50 and
SD1/SD2 were significantly lower (Tables II and III).

For the two participants cycling while watch-
ing the films, pNN10 was chosen in favor of pNN50
because of the decrease in R-R interval lengths
caused by the continuous physical demand of cy-
cling. For both these participants the pNN values
were again lower during the period of heightened
suspense than during the gentler period at the start of
the thriller film, falling on average from 38% to 24%,
and there was also a corresponding fall in SD1/SD2,
from 0.19 to 0.15, although these changes were not
significant.

3.2. Cycling Pace, Self-Reported Experience, and
HRY of Participants Cycling With and Without
a Helmet

Of the 35 participants there were 22 men and 13
women. The average age was 30.3 years (SD 11.8).

After accounting for the order of the helmet
wearing, there was a significant interaction between
own helmet and whether or not a helmet was worn
on the test route (F(1,30) = 6.10, p = 0.02) in that
own helmet wearers cycled significantly faster with
helmets than without, but there was no increase in
speed for cyclists wearing borrowed helmets. When
the interaction with own helmet was included in the
model, the main effect of using a helmet on the test
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Table II. Comparison of Mean Values of pNN50 Measured in Seven Participants Watching a Comedy Film Compared to a Thriller with a
Pleasant Introduction Period (Between 1:10 s and 3:30 s) and a Period of Heightened Suspense (Between 14:10 s and 16:30 s)

Time Period

1:10-3:30 14:10-16:30 Difference SED p (1-way paired t-test)
Comedy 11.4 9.5 -1.9 11 0.06
Thriller 13.4 6.0 -74 23 0.009
Difference +2.0 -3.5
SED 1.2 1.7
p (1-way paired t-test) 0.08 0.044

Table III. Comparison of Mean Values of SD1/SD2 Measured in Seven Participants Watching a Comedy Film Compared to a Thriller
with a Pleasant Introduction Period (Between 1:10 s and 3:30 s) and a Period of Heightened Suspense (Between 14:10 s and 16:30 s)

Time Period

1:10-3:30 14:10-16:30 Difference SED p (1-way paired t-test)
Comedy 0.66 0.58 —0.08 0.06 0.11
Thriller 0.47 0.36 —-0.11 0.09 0.14
Difference —0.19 —0.22
SED 0.16 0.11
p (1-way paired t-test) 0.13 0.048

route was no longer significant. Subsequent results
are therefore reported according to how much the
participants were accustomed to using helmets, using
the dichotomous variables own helmet and reported
helmet use.

Those participants who had been cycling with
their own helmet before being asked to participate,
and who subsequently used that helmet for the ex-
periment, reported increased personal insecurity and
perceived that they were more likely to have an acci-
dent when they were cycling without a helmet. They
also cycled significantly more slowly when not wear-
ing a helmet (Table IV).

In contrast, those cyclists who had been cycling
without a helmet before the experiment, and who
subsequently borrowed a helmet for the experiment,
reported little difference in personal insecurity or ac-
cident likelihood and cycled at a similar pace with
and without a helmet.

Similar differences were found for the same par-
ticipants grouped according to day-to-day helmet
use habits (frequent or infrequent use), as shown in
Table V.

Those who often used helmets reported greater
discomfort, insecurity, and increased risk for an ac-
cident, and cycled more slowly without a helmet,
but there were no significant differences between
helmet-on and -off conditions for those who did not
use helmets often.

The overall between-subject differences in pace,
heart rate, pNN10, discomfort, excitement, and acci-
dent risk for infrequent versus frequent wearers (or
those with vs. without their own helmets) were not
significant at an alpha level of 0.05. However, those
arriving with and using their own helmet reported
significantly greater levels of insecurity when cycling
without a helmet than those who borrowed a helmet
(SED = 0.37; p = 0.02; Table IV).

The expected changes in pNNI10 (higher in
helmet-on condition, indicative of reduced men-
tal load) were not observed. In fact, the pNNI10
was significantly higher in the helmet-off condition
for those who arrived and wore their own helmet
(Table IV).

In a follow-up field experiment, in which nine
participants were men, four were women, with an
average age of 34.0 years (SD 12.9), cyclists again
reported greater levels of discomfort, excitement,
personal insecurity, and accident risk, and cycled
more slowly in a less safe condition (this time one
hand instead of two on the handlebars), as shown in
Table VI.

However, even though we expected a much
greater psychological challenge in the “unsafe” con-
dition in this experiment, there was still no corre-
sponding increase in psychological load according to
the pNN10 measure, either before or after adjusting
for heart rate.



6 Phillips, Fyhri, and Sagberg

Table IV. Self-Reports, Cycling Speed, and Psychophysiological Measures (Heart Rate and pNN10) Participants Cycling a Set Test Route
(Distance 0.4 km) Once With and Once Without a Cycle Helmet, According to Whether the Helmet Was One They Were Using When
They Were Stopped (or Borrowed from the Experimenters)

Helmet Used Mean with Mean without With-Without p-value (2-way

Measure n by Participant Helmet Helmet Difference SED paired r-test)
Pace (s/km) 17 Own 160.1 171.6 +11.5 39 0.009

15 Borrowed 170.8 167.9 -2.9 43 0.52
Heart rate (bpm) 16 Own 112.6 108.5 —4.1 2.7 0.15

14 Borrowed 110.6 113.6 +3.0 22 0.18
PNN10 (%) 13 Own 131 28.7 +15.6 6.5 0.03

12 Borrowed 26.9 20.3 —6.6 4.7 0.18
Discomfort 19 Own 1.89 2.16 +0.26 0.13 0.06

16 Borrowed 1.75 1.56 —0.19 0.19 0.33
Excitement 18 Own 2.06 211 +0.06 0.21 0.79

15 Borrowed 2.33 227 —0.06 0.18 0.72
Insecurity 19 Own 2.11 2.79 +0.68 0.30 0.03

15 Borrowed 1.80 1.87 +0.07 0.28 0.82
Accident likelihood 19 Own 2.74 3.16 +0.42 0.14 0.007

16 Borrowed 2.56 2.56 0.0 0.16 1.0
Notes: Self-reports were rated on a 5-point scale where 1 = “not at all” and 5 = “a large amount,” except for accident risk, which was

rated on a 7-point scale where 1 = “not likely at all” and 7 = “very likely.” The order of the helmet-wearing round was alternated between
successive participants to control for order effects. p values indicating significance at an alpha level of 0.05 are indicated in bold.

Table V. Self-Reports, Cycling Speed, and Psychophysiological Measures (Heart Rate and pNN10) Participants Cycling a Set Test Route
(Distance 0.4 km) Once With and Once Without a Cycle Helmet, According to Frequency of Helmet Use in Everyday Life

Reported Mean with Mean without With-Without p-value (2-way
Measure n Helmet Use Helmet Helmet Difference SED paired r-test)
Pace (s/km) 21 Frequent 161.5 170.4 +8.9 3.6 0.02
11 Infrequent 172.0 168.8 —32 5.4 0.57
Heart rate (bpm) 20 Frequent 112.5 108.5 —4.0 1.9 0.05
10 Infrequent 110.0 115.7 +5.7 33 0.12
PNN10 (%) 17 Frequent 18.3 26.9 +8.5 6.1 0.18
8 Infrequent 22.7 19.9 —2.8 53 0.61
Discomfort 23 Frequent 1.83 2.13 +0.30 0.12 0.02
12 Infrequent 1.83 1.42 —0.41 0.19 0.05
Excitement 22 Frequent 2.00 2.14 +0.14 0.19 0.48
11 Infrequent 2.54 2.27 —0.27 0.14 0.08
Insecurity 23 Frequent 2.00 2.74 +0.74 0.26 0.01
11 Infrequent 1.91 1.63 —0.28 0.24 0.28
Accident likelihood 23 Frequent 2.61 3.09 +0.48 0.12 0.001
12 Infrequent 2.75 2.50 —0.25 0.13 0.08

Notes: Self-reports were rated on a 5-point scale where 1 = “not at all” and 5 = “a large amount,” except for accident risk, which was rated
on a 7-point scale where 1 = “not likely at all” and 7 = “very likely.” p values indicating significance at an alpha level of 0.05 are indicated
in bold.

4. DISCUSSION Laboratory work was carried out prior to the

To examine whether cyclists adapt to an increase main field experiment to establish HRV as a possi-
in perceived risk when cycling without a helmet or ble objective measure of emotional challenge in cy-
a reduction in perceived risk when cycling with a clists. Assessment of two HRV indicators resulted in
bicycle helmet, we recorded the change in cycling no evidence of a link between HRV and response
pace, self-reported risk, and HRV in volunteers cy- to emotionally inducing pictures taken from a stan-
cling downhill twice, once with and once without a dard international picture library (IAPS). There was

helmet. evidence, however, of a link between HRV and the
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Table VI. Self-Reports, Cycling Speed (Pace and Time), and Psychophysiological Measures (Heart Rate and pNN10) for 13 Participants
Cycling a Set Test Route (Average Distance 0.5 km) Two Times, Once with One and Once with Two Hands on the Handle Bars the Order
of the One-Hand Round was Alternated Between Successive Participants to Control for Order Effects

Measure n Mean 2 Hands ~ Mean 1 Hand  2-Hand — 1-Hand Difference =~ SED  p-value (1-way paired ¢-test)
Pace (s/km) 11 296.2 321.0 +24.8 5.3 0.001

Heart rate (bpm) 11 113.7 112.9 —0.8 3.0 0.40

PNN10 (%) 11 23.3 21.9 —-14 7.1 0.43

Discomfort 13 1.0 1.6 +0.6 0.18 0.003
Excitement 13 1.8 2.3 +0.5 0.14 0.002

Insecurity 13 1.1 1.8 +0.7 0.26 0.005

Accident likelihood 13 1.8 2.5 +0.7 0.26 0.005

Note: p values indicating significance at an alpha level of 0.05 are indicated in bold.

level of emotional challenge induced by a thriller
film. The change in SD1/SD2 was consistent with
greater mental arousal over the longer term (i.e.,
over the whole of a 20-minute thriller film), while
the change in pNN50 was more consistent with emo-
tional challenge over the shorter (2:20 s) film peri-
ods. The pNN measure was seen as more suitable
for use in the field experiments in which any emo-
tional challenge resulting from perceived risk would
be measured over periods of between 1 and 2 min-
utes. A check to see whether the pNN50 measure was
indicative of arousal for participants gently cycling on
a stationary bicycle indicated that a related measure,
pNN10, was suitable as an indicator of heightened
mental arousal, even in the presence of physical load
induced by gentle cycling.

In the field experiment, we observed changes in
behavior (decreased cycling speed) and self-reported
risk perception (increased risk associated with not us-
ing a helmet) that were in line with a theory of risk
compensation in response to bicycle helmet wear-
ing. However, these changes only occurred among
cyclists accustomed to using helmets in everyday cy-
cling. There was little change in either behavior or
risk perception among those cyclists not accustomed
to helmet use.

It is unlikely that the difference in helmet
response between routine and nonroutine helmet
wearers was due to differential practice effects be-
cause a similar number of frequent helmet wearers
cycled in the helmet-on condition first and second
time round. Moreover, we found that controlling for
the effects of order made no difference to the conclu-
sions taken from the analyses.

Without a helmet, infrequent helmet users cy-
cled at a similar pace (170.4 s/km) to frequent users
(168.8 s/km, Table V), but the frequent users cycled
significantly faster with a helmet (p = 0.02). If the
latter was the result of risk compensation, then one

needs to explain why the infrequent helmet users nei-
ther reported reduced risk nor cycled faster when
wearing a helmet in our study.

Table V shows a mean insecurity value of 1.63
for infrequent users not wearing helmets, increasing
to 1.91 when they wore helmets, which is less than the
insecurity of frequent helmet users (2.0 with and 2.74
without helmets). The means for discomfort have
the same ranking, least (1.42) for infrequent wear-
ers without helmets, higher for both groups wearing
helmets (1.83), and highest of all for frequent users
without their helmets. This suggests that both com-
fort and security influence the choice of whether to
wear a helmet. Cyclists who already feel secure and
those who find helmets uncomfortable are unlikely to
wear them, and so would fall into the infrequent users
category. In our study, infrequent users did not feel
more secure when wearing a helmet. Feelings of dis-
comfort are likely to increase insecurity, and this may
have counteracted the increased security that would
otherwise have been expected from helmet wearing.
Consequently, no risk compensation would be ex-
pected. In contrast, the cyclists who wore helmets by
choice felt more comfortable and secure when wear-
ing them, and as predicted by the theory of risk com-
pensation, cycled more slowly when not wearing a
helmet.

An important limitation of our study is that it
does not consider the dynamics of risk adaptation in
response to helmet wearing. In other words, we do
not know whether the discomfort and insecurity felt
by infrequent users when wearing a helmet would
have reduced over time, nor do we know how long
it took routine helmet wearers to feel more secure
and comfortable wearing helmets in the first place.
A previous finding that nonhabitual seatbelt wear-
ers increase unsafe driving behaviors over the course
of a year after beginning to wear a seatbelt sug-
gests that helmet wearing may increase risk-taking



behavior over the longer term.®?) Both driving and
cycling are complex learned behaviors that may
change gradually over time in response to an in-
creased sense of security.

Note also that a recent study characterizes a sub-
population of “sporty” cyclists who cycle aggressively
and tend to use safety equipment as part of their cy-
cling identity.®> If this type of cyclist was overrepre-
sented in the routine helmet user group in our study,
then the significant difference in effect of helmet on
pace observed between routine and nonroutine hel-
met users may have been more due to innate group
characteristics than generic long-term risk compen-
sation. That said, the differences in risk and behavior
observed within routine user participants across the
helmet-on and -off conditions remains in line with a
theory of risk compensation by this group.

Whatever the dynamics and confounders of risk
compensation, the most important issue for policy-
makers and planners remains whether helmet use
should be encouraged or not. The data in this article
show that cyclists accustomed to helmets may either
cycle faster with the helmet on or may slow down
when the helmet is taken away. Whether cyclists
would continue to cycle more slowly without a hel-
met is uncertain, but the possibility remains that hel-
met laws may increase cycling speed among certain
cyclists, while discouraging those who find helmets
uncomfortable from cycling. Given the association
between speed and risk of accidents, this might even
explain reports that helmets and helmet laws have
not been shown to reduce the risk of injury per
cyclist. 3D

Attempts to build on the findings of this ex-
ploratory study should attend to its methodologi-
cal limitations. First of all, the sample sizes used
in the field experiments were designed to give 80%
chance that we would find a within-subject differ-
ence, a power level considered marginal. Further ex-
periments to repeat our findings might obtain more
robust results by using increased sample sizes. A
further limitation of the field studies was that the
number of respondents varied somewhat for each
measure. Some questions on the survey were acci-
dentally skipped by the participants, leading to some
missing data for the self-report measures, while in
other cases physiological data collection was not pos-
sible because the chest-strap detector of the pulse
monitor did not always fit the participant sufficiently;
some of the pace data were lost because the wrist-
strap device failed to receive the data transmitted
by the bicycle’s speedometer. We did not make

Phillips, Fyhri, and Sagberg

adjustments in the statistical analysis, since the
missing data were limited for most measures (see
Tables IV and V). We should point out, however,
that for the measure for which missing data were
most pronounced—the objective pNN10 measure—
our ability to detect a significant difference would
have been reduced.

Notwithstanding these limitations, those changes
in experienced risk reported by participants were not
reflected by changes in our selected measure of emo-
tional challenge, pNN10. Even when we attempted
to increase the level of psychological challenge in a
follow-up study, by asking participants to cycle with-
out a helmet using one versus two hands, there was
no change in pNN10 despite increased differences in
cycle pace, discomfort, excitement, personal insecu-
rity, and accident risk between conditions (Table VI).
In both main and follow-up field experiments, how-
ever, we could not be certain that any differences in
psychological challenge measured by the HRV in-
dicator were not masked by variations in physical
load within or across participants, even though we
hoped that the downhill gradient would minimize any
such effects. Increased cycling speed in the absence
of a helmet was associated with increased heart rate
and reduced pNN10, which implies that participants
varied their speed using the pedals, rather than the
brakes as we had envisaged. We attempted to ac-
count for the confounding effect of varying physical
load on pNN10 as a measure of mental load by multi-
plying it by heart rate, but this new measure of emo-
tional challenge was linked neither to self-reported
risk nor helmet wearing.!

Another explanation for the lack of observed
change in psychophysiological measures is that par-
ticipant self-reports and cycling speed might have
been the result of cognitive rather than emotional
processing.*? In line with the “zero-risk theory” of
Niitinen and Summala,(133-3%) helmet users may
have kept full subjective control over their riding in
both conditions, such that no physiological response
concomitant to a cognitively reasoned speed decre-
ment occurred.

5. CONCLUSIONS

Our results show increased cycling speed and de-
creased risk perception in a helmet-on compared to
a helmet-off condition among cyclists used to wear-
ing helmets, a finding that is in line with the theory

I The variable used was (pNN10 x heart rate)/100.
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of risk compensation. However, for those cyclists
not used to helmets there were no differences in ei-
ther risk or behavior between the helmet-off and
helmet-on conditions. We recommend that future re-
searchers (i) devise ways to control physical load
placed on cyclists in realistic settings, in order to be
able to better study the role of mental load or emo-
tion in risk compensation; and (ii) better consider the
dynamics of risk compensation.
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