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ThePrisoner’'s Dilemma and City-Centre Traffic

ABSTRACT

It iscommonly asserted that such problems as inner-city traffic congestion and pollution can
be understood as examples of the Prisoner’ s Dilemma Game (PD), but there is a dearth of
empirical research that tests this assertion. 587 car ownersin Oxford City were presented
with three pairs of dternatives designed as traffic versons of the four outcomes of the PD,
and asked to state which dternative in each pair they preferred. Only 2% of respondents
showed the full set of preferences which fit the PD. Four sets of preferences accounted for
93% of responses suggesting that no single canonica game structure can represent the traffic
problem. The most common set of preferences, shown by 48% of respondents fitted an
“Assurance Game’. The resultsimply that the current traffic problem may be due to lack of
assurance and trust rather than raw sdlf-interest. The public policy implications of the data
are discussed.
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The Prisoner’s Dilemma and City-Centre Traffic*

INTRODUCTION

The literature in socid science is replete with references to congestion and pollution as
examples of the Prisoner’ s Dilemma Game.? However there is an almost complete absence
of empirical research designed to test whether such a characterisation is relevant or correct.
The purpose of this study is to overcomethis deficit. Wewill take city-centretraffic asan

obvious example of congestion and pollution

It is generdly recognised that while private motor trangport has brought the advantages of
flexibility and opportunity to those who travel by car, its growth has smultaneoudy inflicted
the costs of congestion, pollution and road accidents upon the entire community (Bannon &
Cogdlo, 1997; Department of the Environment, Trangport and the Regions, 1998;
Department of Health, 1998; Roya Commission on Environmenta Pollution, 1994). While
some discussion has focussed on the issue of overal reduction in car use, the primary policy
initiatives have so far revolved around the reduction of city-centretraffic.* Many authors
have proposed that aty- centre traffic can be understood through the psychology of
collective action, and more specificaly as an example of asocid dilemma (Platt, 1973,
Cross & Guyer, 1980; Stern, 1992; Hallsworth, Black & Tolley, 1995). In asocid
dilemma, “It isgenerally more profitable for each person to maximise sdfish interests but if
al choose to maximise sHfish interests, dl are worse off than if al choose to maximise
collectiveinterests’ (Komorita& Parks, 1994, p. 8). Whitelegg (1997) has suggested that

peopl€e s decison to continue to drive their carsin congested and polluted cities should be



understood as the outcome of an n-person Prisoner’ s Dilemma Game (heresfter referred to

asPD).

The PD interpretation of the traffic problem runs asfollows. Start with a 2- person game.
Suppose there are two individuas a and b, and suppose that each of them makes a
defection/cooperation decision (defection = drive, to be denoted as ‘D’ ; and cooperation =
not drive, to be denoted as ‘C’). Assumethat the payoff ranking of the outcomes of the
smultaneous and independent decisonsof a andb (from mogt desired to leest) is given by:
Fora: DaCb>CaCb>DaDb>CaDb
For b: CaDb>CaCb>DaDb>DaCbh
It isclear that whichever dtrategy b chooses (D or C, i.e. drive or not-drive), a’s preferred
srategy isto choose D, that is, D isadominant strategy fora. If b does not drive, a will
prefer to drive (DaCh>CaCb); if b drives, a will prefer to drive (DaDb>CaDb). Since
b’s preferences are symmetric, the same argument shows that the dominant strategy for b is
also to chooseD, i.e to drive. The equilibrium outcome of this gameisthusDaDb (non-
cooperation, i.e. both choose to drive) even though both a and b rank CaCb (cooperation,
i.e. both choose not to drive) above DaDb * ® The above argument can be extended to n
individuds (n > 2) if the preference ordering of each individua sdtisfies the following two
requirements:
i) It isadominant strategy to defect, i.e. each individua is better off (prefers) driving to not
driving no matter what the other individuas do.
i) Mutual cooperation is preferable to mutua defection, i.e. given the choice between

everyone driving and everyone not driving, each individud prefersthe latter to the former.



Then-player PD can be formulated asfollows. Letx denote the number of players other
then the individua who chooseto defect (0 £ x £ n—1). For the n™ player, suppose:
C(X) = Payoff from Cooperation
D(X) = Payoff from Defection®
If dl n players cooperate, they each obtain apayoff of C(0). Smilaly,if dl n players

defect, they each obtain a payoff of D(n-1).

Thetwo requirements of an n-person PD, may be expressed as follows:’
It isadominant Srategy to defect,
D(X)>C(x)," O£x£n-1
Mutud cooperation is preferred to mutua defection,

C(0) > D(n-1)

FIGURE 1 ABOUT HERE

Figure 1 is a graphic representation of the n-person Prisoner’ s Dilemma. The D(X) line
shows how an individual’ s pay-off from defection (driving) varieswith x, the number of
others who defect (drive). The C(x) line shows how an individud’s pay- off from
cooperation (not driving) varieswith x, the number of others who defect (drive). However

many other people do or do not drive, the D(x) lineis above the C(x) line. The pay-off a



C(0) (i.e everyone induding the individud co- operates by not driving) is higher than the
payoff at D(n-1) (i.e. everyoneincluding theindividud defects by driving). By an argument
anaogous to the 2- person case, these conditions imply an equilibrium where everyone
drives (i.e. the status quo, D(n-1)) even though each person ranks nobody driving (i.e. a
treffic - free city centre, C(0)) above the status quo. Thus the equilibrium point D(n-1) is

Pareto-inferior to the cooperation point C(0).

In addition to the above genera characterisation common to dl n-persons PDs, Figure 1
incorporates some extra assumptions that are plausible in the context of city-centre traffic
moddled asaPD:

1. D(X) issubgantidly higher than C(X) as driving is assumed dways to convey the
advantages of flexibility, privacy etc. irrespective of the number of otherswho drive. In
other words, there are perceived gains to continuing to use acar, even in congested and
polluted streets. This assumption iswell supported by attitudina data (Lex, 1999;
RAC, 2000).

2. TheD(X) and C(X) lines have monotonic downward dopes sinceit is plausibleto
assume that defection by others harms the individua. As the number of drivers
increases, the cogts of congestion and pollution increase for both drivers and non- drivers

(pedestrians, cydlists and bus users).®

Although the PD mode has been usad in explaining a number of socid problems (van Lange
et a., 1992; Komorita& Parks, 1994; Colman, 1995), whether this modd empiricdly fits

real-life socid dilemmeasin generd, or the city-centre traffic problem in particular, remainsa



question that has rarely been tackled. Survey research shows that the public recognisethe
car’ s contribution to congestion and pollution and generdly didike congestion and pollution
(Department of Environment, 1994; Lex, 1999), yet “pursue their usua, more persondly
convenient, air-polluting behaviour patterns’ (Neidert & Linder, 1990). Thismismatch
between apparent preference and the negative outcome to which the individud’ s behaviour
contributes is afesture of the Prisoner’s Dilemma. However, the behavioural data (i.e. the
incontestable fact that most people continue to use their carsin cities) together with the
survey findings (which show peopl€e s didike of congestion and pollution) are not sufficient to

demondtrate that the traffic problem is the outcome of aPD.

To ascertain whether peopl€ s use of carsin the city centre should be construed asa PD, it
is necessary to discover the rank orderings of peopl€ s preferences among the range of
possible outcomes implied in the game (as outlined in the paragraphs above) and research
has so far failed to address thisissue. In laboratory PD games, the rank ordering of
preference is dictated by the manipulation of monetary or other pay-offs. The object of
these experiments then is to establish whether given these pay- offs, the equilibrium outcome
predicted by the PD model does in fact result and under what conditions. Outside the
laboratory, in cases such as the traffic problem, we aready know people' s decisons (i.e.
they drive) and the collective outcome of their decisons (i.e. congestion and pollution).

What we do not know, however, is the rank ordering of their preferences.

A survey isthe only way in which rank orderings of preferences can be directly established.

Psychologigts, dthough long aware of the pitfals of surveys, take the necessity of their use



for granted (Thurstone, 1931; Oppenheim, 1992). Although economists are in generd less
sanguine than psychologists about the usefulness of asking people questions about their
preferences, they are becoming less behaviourigtic than they used to be. A notable example
is Sen (1973) who writes in arelated context “ That behaviour isamgor source of
information on preference can hardly be doubted, but the belief thet it is the only basis of
surmising about peopl€' s preferences seems extremely questionable. Whilethismakesa
great ded of sense for studying preferences of animals, since direct communication is ruled
out (unless oneis Dr Ddlittle), for human beings surely information need not be restricted to

distant observations of choicesmade” (p. 257).

Van Vugt (1996) has attempted to address the question of whether the traffic problem can
be understood as a PD in a series of empirical studies based on game theory. He suggests
that the PD structure underlies the preferences of some people- notably those with
environmental concerns. Respondents were asked whether they would drive or nat, if i) the
majority drove, or if ii) the mgority did not drive (van Vugt, Meertens & van Lange, 1994).
This design enabled van Vugt et d. (1994) to establish one of the conditions of the PD, but
only for those with environmenta concerns, viz. that each person has adominant strategy.
However van Vugt et d.’s (1994) design cannot establish whether the PD interpretation is
correct because the respondents were not asked the critical question of how they ranked
C(0) vsD(n-1). Van Vugt'set d.’s (1994) work is therefore aflawed test of the PD.°
Furthermore, they found that the PD modd did not fit the preferences of dl participants,

snce adifferent group who were al commuters did not have adominant srategy. They



chose to drive if others did not drive, but chose not to drive if othersdid. In other words

they had preferences which corresponded to the Chicken Game.™

The current study will attempt to discover peopl€' s preference orderings by asking
participants to choose between pairs of possible outcomes of a PD formulation of the traffic
problem. The am isto present each participant with scenarios that approximate to the
following choices D(0) vs C(0); D(n-1) vs C(0); and D(n-1) vs C(n-1)."* Given that
there are three paired comparisons, there are eight possible preference orderings.  The only
ordering that is compatible with the PD isD(0)>C(0); C(0)>D(n-1); and D(n-1)>C(n-
1). The other seven combinations will not fit the PD mode. Unless amgority of the sample
show the PD pattern, there would be no reasonable grounds for considering the PD asa

suitable modd for city-centre traffic problems.

Investigating the empiricd vdidity of the PD isimportant not only to illuminate the
psychology of collective decision-making but dso to inform public policy. For exampleif
the PD interpretation is correct, thereis a‘democratic’ argument in favour of Sate
intervention as that would enable the achievement of asocid outcome which individuas
regard as superior to the one they would reach if they chose fredy. Such intervention could
bring about C(0) (atraffic free city-centre) which is preferred by every individud to D(n-1)
(congegtion). If the PD interpretation is incorrect and respondents actudly prefer D(n-1) to
C(0), government intervention to produce C(0) would be paterndigtic rather than

democratic.



METHOD

1.0Operationdisation of variables

A dreet survey was the method chosen to maximise the representativeness of the sample
cost-€effectively. In order to test the hypothesis that the traffic Stuation isa PD, it was
necessary to ask people to State their preferences between options which were
comprehensible, plausible and did justice to the structure of the PD. The n-person PD has
many outcomes. It was decided to test the PD model by asking respondents to rank those
four outcomes of an n-person PD that parallel the four outcomes of the two-person PD. A
series of mini vignettes/'scenarios was required to encapsulate these four outcomes. The four
outcomes are: you drive/others do not drive; nobody drives; you drive/others drive; you do
not drive/others do drive. The current traffic Situation (i.e. you drive/others drive, D(n-1),
the equilibrium) will be expressed as the scenario “you and everyone e se drivesin the city
centre’. The outcome nobody drives, C(0), will be expressed as*“no-one drivesin the city
centré’. In the remaining two outcomes there is il some driving in the city but not by
everyone. In order to remain close to the logic of the PD, these two outcomes require
scenarios which have “awinner” or “aloser” but diminate any notion that being permitted to
driveisjudtified in terms of relative merit or need. A lottery scenario was chosen as both
comprehensible and suitable, Snce it involves distributing goods in away which does not
depend on the participants’ intrinsic qualities. For the two outcomes. you drive/others do
not drive, and you do not drive/others do driv e, the most Sraightforward expansion of the
two-person PD isto select points D(0), “you are the sole winner of the lottery while
everyonedseisaloser”, and C(n-1), “you are the sole loser of the lottery while everyone

dseisawinne”. Thiswastheinitia operationdisation.
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Three pilot studies were necessary to devel op acceptable versions of these scenarios. Sixty
respondents were interviewed (approximatdly 20 for each pilot.) Theseinterviews were
conducted in the centre of Oxford by two mae research assstants. On the basis of the first
pilot study the vignette for D(0) was reworded to suggest “afew winners’ rather than “one
winner” as interviewees congdered the nation of one winner driving in the city centre as
atifica and absurd. A “Complete Ban” replaced “no-one drivesin the city centre” to
represent C(0) as some pilot interviewees requested an explanation of how aSituation in
which “no-onedrives’ could arise. The vignette C(n-1) was reworded as amirror image of
the replacement vignette for D(0) with “afew losers’ (to include the respondent) and “ many
winners’ asthe notion of one loser was considered by intervieweesto be, if anything, more

absurd than that of one winner.

In the second pilot, however, alarge number of respondents found the notion of alottery to
pick “afew losers’ contrary to their understanding of what alottery isfor. Further, the
juxtaposition of two different kinds of lottery in quick successon - oneto pick afew winners
and oneto pick afew losas - confused many respondents. A wording for the analogue of
C(n-1) was therefore explored which was consstent with the first lottery to pick “afew
winners’ and “many losers’ (to include the respondent). The third pilot study used this

wording. Respondents did not raise any queries about the scenarios.
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In none of the three pilots did the concept of city-centre present a problem. A fourth pilot
study was aso conducted to deal with potential conceptual problems arising from the

wording of the vignettes. Thisis discussed in Appendix 1, section 4.

Following the pilot studies, the find scenarios chosen for use in the main study were as
follows, where z represents a few defectorg/drivers:

you and afew others drive/most do not drive in the dty centre as decided by a

lottery — D(2),

there is acomplete ban on driving in the city centre— C(0),

the traffic Stuation Saysasit s, i.e. you and everyone dse are permitted to

drivein the city centre— D(n-1),

you and most others do not drive/a few do drivein the city centre as decided

by alottery — C(2).

The scenarios have moved some way from the smple archetype of one winner and one
loser. But they are dtill phrased in away which does no violence to the common- sense
assumptions of the PD. These are that people wish to be winners, prefer mutua
cooperation to mutua defection, and do not wish to be losers. The phrasing in terms of few

winners and many losers retains the crucia underlying concept of winners and losers.

As explained in Appendix 1, the change from a scenario phrased in terms of “oneloser” -

the respondent, C(n-1) - to one phrased in terms of “many losers’ - induding the

respondent, C(2) - does leave a potentia problem with the interpretation of one possible

12



result. Anbng the eight possible preference orderings, the only ordering that will support the
PD isD(2>C(0); C(0)>D(n-1); and D(n-1)>C(2). Of the other seven combinations, Sx
will show that the PD mode isingpplicable to the traffic Stuation, but there is one
combination which is uninterpretable: D(2)>C(0); C(0)>D(n-1); and C(2>D(n-1). This
gppears not to be cons stent with the PD model, as C(2), being aloser (among many losers),
is preferred to D(n-1), the Status Quo. There are however anumber of reasons why
someone might prefer being one of many losars to retaining the current congestion, while a
the same time preferring the current congestion to being one of only afew losers or the only
loser. Hence, asexplained in Appendix 1, it is possble that C(z)>D(n-1), but D(n-
1)>C(n-1). However, it isaso possible that C(2)>D(n-1) could indicate C(n-1)>D(n-1).
Consequently the preference ordering D(2)>C(0); C(0)>D(n-1); and C(2)>D(n-1) is
uninterpretable. Thisis unfortunate but the congtraints of scenario comprehensibility and
acceptahility outweigh the theoreticaly “ideal” operationalisation of the variables. (The
Results below show this not to be a problem as very few respondents chose the

“uninterpretable’ preference ordering.)

2. Method of main study

During May 1998, two female researchers carried out 1000 interviewsin shopping aressin
Oxford.™ All interviews were conducted on weekdays. The 587 car owning respondents
were asked to choose between the current traffic Situation and two possible dternatives -

viz. acomplete ban of traffic from the city centre or apartid ban to be decided by alottery

such that only the few winners of thislottery would be dlowed to drive in the city centre.
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They were presented with a series of three pairs of dternatives, and had to state which of

each pair they preferred.

Choice 1 Thereisalottery for driving in the city centre. Y ou and afew others
win aticket - 0 you can drive in the city centre but most other people
can't.

vasus Traffic is banned from the city centre completdly. Neither you nor
anyone dse will be permitted to drive in the city centre.

Choice 2 Traffic is banned from the city centre completely. Neither you nor
anyone ese will be permitted to drive in the city centre.

vasus Thetraffic Stuation taysasitis. You and everyone dse will be permitted
to drive in the city centre.

Choice 3 Thetraffic Stuation Saysasitis. You and everyone dsewill be
permitted to drive in the city centre.

varsus Thereisalottery for driving in the city centre. A few peoplewin
tickets— 0 they can drive in the city centre. Butyou and most others

don’t win aticket.

The order of the three choices was varied, as was the order of the aternatives within each
pair. In50% of the questionnaires, respondents were reminded that if they could not travel
into the city centre by car, they would have to walk, cycle or travel by existing public
trangport. All respondents were asked to indicate on a decile scale ranging from 0% to
100%, how many peoplein their opinion would voluntarily comply in the event of anationd

campaign to persuade people to stop using their cars one day in five.
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Respondents were also asked how they had travelled into the city thet day, and the time
spent on thejourney. In addition, they were asked whether any concerns they might have
about the growth of traffic in Britain were due to its effect on congestion, pollution or neither.
Of the sample, 48% were mae, 52% were female. Ages ranged from 18-70 years, 48%

were aged 35 or under.

RESULTS

The PD interpretation of the traffic problem in this sudy requires the following preferences

a Choicel: D(2) (Youand afew others chosan by lottery drive; Others do not drive) is
preferred to C(0) (You do not drive; Others do not drive— called
Complete Ban from now on);

aChoice2  C(0) (Complete Ban) is preferred to D(n-1) (Y ou drive; Others drive—
cdled Status Quo from now on);

atChoice3:  D(n-1) (Status Quo) is preferred to C(2) (Y ou and most others do not

drive; afew others chosen by lottery do drive).

Thefollowing analysisis based on the 551 respondents who owned cars and answered all
guestions. Order of choice, order of option within choice and the reminder about dternative
modes of trangport made no difference to respondents’ preferences. Table 1 showsthat at
Choices 2 and 3 the mgority of respondents displayed PD preferences. 75% preferred
Complete Ban to Status Quo, and 72% preferred the Status Quo to their not driving while a

few others are permitted to drive. But they did not display PD preferences a Choice 1.
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87% of people preferred a Complete Ban over their being one of the few permitted to drive

in the city centre. The PD hypothesis was thus not supported.

TABLE 1 ABOUT HERE

Those few who did show a PD preference a Choice 1 were no more likely to show a PD
preference a Choice 3 than those who had not shown such a preference at Choice 1 (x2 =
0.837, df 1, p=0.37). In other words, peopl€ s desire to be one of the few alowed to
drive at Choice 1 did not predict their didike or fear of not being one of the few dlowed to

drive a Choice 3.

Respondents’ preferences were related to their behaviour - viz. whether they had travelled
into the city by car that morning. The key choice point in terms of behavioural prediction
was Choice 3 - D(n-1) vs C(2). Those who preferred D(n-1) (the Status Quo) to C(2)
(you and most others not driving while afew others are permitted to drive) were significantly

more likely to have driven into the city that day (x2 = 10.49, df 1, p = 0.001).

The datawere andysed to see the frequencies with which different possible combinations of
choiceswere made. There are eight possible combinations of choices (see Groups 1-8,
Table 2). Four of the combinations occurred rarely. Among these was the Prisoner’s

Dilemma sequence, found only amongst 12 of the 551 respondents (Group 5).”®
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TABLE 2 ABOUT HERE

Four combinations were comparatively common and between them accounted for 93% of
the responses. These were numbered Groups 1 to 4 in descending order of numerica
magnitude. Two of these groups (Groups 2 and 4) displayed adominant strategy - in the
former case not to drive, in the latter caseto drive. The other two groups (Groups 1 and 3)
displayed strategies which were sengtive to the behaviour of others, specificaly they would

driveif others did so, and would not drive if others did not.

The largest group (Group 1, n = 264) showed one of the sequencesin which strategies were
sengtive to others behaviour. The choices for this group were Ban over Y ou drive, C(0)
over D(2); Ban over Status Quo, C(0) over D(n-1); Status Quo over You do not drive,
D(n-1) over C(2). Thisseriesof choices suggests a preference for aban but an
unwillingness to give up driving if others carry on driving. The other combingtion sengtive to
others choices was Group 3 (n = 77) displaying the sequence Ban over You drive, C(0)
over D(2); Status Quo over Ban, D(n-1) over C(0); Status Quo over You do not drive,
D(n-1) over C(2). Thiscombination of choicesisthe same as that of Group 1 except for

the preference for the Status Quo over a Ban a Choice 2.

Of the two combinations which showed single dominant responses, the larger was Group 2

(n=128). Thisgroup had the following rankings Ban over Y ou drive, C(0) over D(2); Ban

over Status Quo, C(0) over D(n-1); You do not drive over Status Quo, C(2) over D(n-1).
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This combination indicates a desire to reduce the amount of traffic even a the expense of
not driving onesdlf. Thelast commonly occurring group showed a consistent preference for
continuing to drive irrespective of others behaviour (Group 4, n = 43). Their combination
of choiceswas. Y ou drive over Ban, D(2) over C(0); Status Quo over Ban, D(n-1) over

C(0); Status Quo over You do not drive, D(n-1) over C(2).

The above four respondent groups (i.e. Groups 1— 4) were compared for the other
variables used in the study: i) age, ii) gender, iii) whether their concern about traffic was
primarily due to congestion or pollution, iv) their predictions of how many people would
reduce their car usein the event of anational campaign, and v) their own car use on the day

on which they were interviewed.

Age and gender showed only margind effects. Group 4 (those who preferred to continue to
drive at dl choice points) were more likely to be mae (x2 = 6.947, df 3, p = 0.074) and
younger (F = 2451, df 3/506, p = 0.063) than the other groups. There was ahighly
significant difference between the groups in the nature of their concerns about traffic-related
pollution and congestion. Amongst the 433 respondents who indicated a clear concern
about one rather than the other issue, a higher percentage of those in Groups 1 and 2 (dl of
whom preferred Ban over the Status Quo) were concerned about pollution (x2 = 19.094, df
3, p<0.001). When asked to predict how many people would reduce their car use, the
average estimate across dl participants was that 28% of people would voluntarily stop using
their cars one day in five in the event of a nationa campaign to persuade them to do so.

There was no significant difference in this estimate across the four main groups:. their

18



predictions ranged from 25-29%, reveding uniformly pessimistic expectations about other

people swillingness to renounce car use, even for aslittle as one day aweek.

Among the sample of 551 car owners, 58% had used their carsto drive into Oxford on the
day of interview. Car use showed significant differences across groups. Group 2 had made
less use of their cars than the other three groups (x2 = 16.141, df 3, p = 0.001).™* The
other three groups did not differ from each other in car use on theinterview day. They did
however differ in the length of journey they had taken if they had travelled by car. Group 1
were less likely to have used the car on very short journeys (15 minutes or less) than were

the other groups (x2 = 9.808, df 4, p < 0.05).

In summary, the Introduction suggested thet if the decisions people make about using private
cars could be understood as a PD, this would be reflected in the preferences people would
show between the pairs of dternatives offered. Only 12 of the 551 interviewees gave the
Sequence of responses that was uneguivocally compatible with the PD preference ordering.
However as explained in endnote 13, 10 more people displayed a preference ordering
which could conceivably be compatible with the PD. Even with the addition of these
respondents, the maximum number of PD respondents could only be 4% (i.e. 22/551,
Group 5 plus Group 7). The PD modd can therefore be rgjected as an explanation of city

centre traffic.
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FURTHER EMPIRICAL TESTS OF THE SCENARIOS

A possible objection to the above conclusion is that the scenario D(2) was not a sufficiently
close proxy for D(0). Pre-testing had led to the rejection of the scenario D(0), anindividud
ableto drivein the city when dl others were banned ( i.e. with one winner and n-1 losers).
In pilot studies, “afew winners’, D(2), ingtead of “onewinner”, D(0), wasfound to be a
more acceptable formulation. The absence of support for the PD was, however, so striking

that we felt it necessary to carry out two further small - scale tests.

The firg test was designed smply to investigate the possible effect of the scenario D(2) used
in the survey. It is possible that some of those who preferred C(0), a Complete Ban, to
D(2), being one of few winners, might till have preferred D(0), being the only winner, to
C(0). Respondents were therefore asked to Sate their preference between being one of
few winners and being the only winner of the lottery. Such atest will check the downward
dope of the defection line. Ninety per cent said they would prefer to be one of afew, i.e.
D(2>D(0). Assuming trangtivity, it istherefore possbleto infer that arespondent with
preference C(0)>D(2) would aso have had the preference C(0)>D(0). Thistes, in
conjunction with the pilot studies, provides reassurance that the results of the main study can

be trusted. The gpparent lack of support for the PD was genuine.

Given that people in the main study seemed unwilling to be one of afew winners, a second
smdll- scale test was designed to ascertain how large the group of winners would have to be
for the average person to prefer being awinner (i.e. adriver) to being aloser. Fifty

respondents were asked to choose whether they wished to be awinner or aloser in aseries
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of lottery outcomes. Haf the respondents were unwilling to accept the privilege of driving
unless 30% or more of other drivers were aso alowed to drive. Theresults of this smdll-
scale study supported the main sudy. Very few respondents showed PD responses (i.e.
electing to be awinner in circumstances in which they would be the only winner). Sampling
over agreater range of |ottery outcomes in no way increased the support for the PD mode

of the traffic problem. (Fuller details of these two studies are given in Appendix 2.)

DISCUSSION

Isthetraffic problemaPD ?

It gppears that the PD does not provide an adequate conceptuaisation of the traffic
problem. While most of the interviewees showed PD preferences at Choices2 ad 3, i.e.
they preferred a Complete Ban over the Status Quo, and the Status Quo over “afew drive
but you are not one of them”, amgjority of these respondents deviated from PD preferences
at Choice 1. Only 72 out of 551 (13%) chose being one of the few allowed to continue
driving in the city over a Complete Ban. A great mgority should have made this choice had
they been guided by the sdlf-interest motive implicit in aPD interpretation of people's
continued reliance on the car. The hypothesis that decsions that affect the traffic problem

can be understood as a PD was therefore decisively rejected.

|s there a game which fits the traffic problem better?

The current data strongly suggest that no single game structure underlies the traffic problem.
Van Vugt (1996) has dready suggested this possibility. In our data, there were four distinct

sequences of choices which characterised the four main groups, accounting for 93% of the
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respondents. Thisis an important finding in itsdf as the gpplication of any one smple game
modd to socid dilemmas, such as car use, assumes that everyone or nearly everyone has

the same preference ordering.

The most common sequence of preferencesin our data, exhibited by the 264/551 (48%)
respondents congtituting Group 1, was Complete Ban over being one of the few dlowed to
drive; Complete Ban over Status Quo; and Status Quo over not being one of the few
dlowed to drive. This set of choicesfitsthe preferences that characterise the “ Assurance
Game® (sometimes called the “ Trust Game”) one of whose main fegturesis that people do
not display a single dominant strategy: their srategies are dependent on others' behaviour.
Members of Group 1 elected not to drive if others did not drive, but to driveif othersdid, as

in the Assurance Game (AG).* (See Figure 2 for aversion of the Assurance Game.)

In the Assurance Game the most preferred outcome for each individud is cooperation by al,
but this outcome will only be reached if each individud is assured that others will dso
cooperate. Sen (1967) introduced the term Assurance Game and carefully distinguished it
from the PD asamodd for collective decison making.”® In the Assurance Game, the best
Strategy in the event of others cooperating is cooperaion, but the best strategy is nor
cooperation if others do not cooperate. Expectations concerning others' behaviour are
therefore critica. The AG has two equilibria, the cooperative and the non cooperétive, of
which the former is preferred by each indvidud to the latter. The PD has a unique non-
cooperative equilibrium that is ranked lower in individua preference orderings than the non

eqilibrium cooperative outcome.™
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Theideathat people would behave cooperatively if they felt assured that everyone e, or a
aufficiently large number of other people would also do so, has been suggested by
Whitelegg(1997) in his discussion of the transport criss. He asserts that the mgjority arein
favour of traffic reduction and an environmentaly friendly trangport policy but they are
auffering from ‘pluraigtic ignorance (Darley & Latane, 1968) asthey do not redlise that
their view is so widely shared. From this set of assumptions arises Whitelegg' s concept of
‘criticd mass : the nation that bringing to peopl€ s notice the fact that many others share
their strong preference for traffic reduction will lead to voluntary cooperative behaviour.'®
However, as reported in the Results, our interviewees were very pessmistic about others
willingness to redwce their car use voluntarily in response to a government campaign,

believing that less than athird of them would do so.

The preferences of Groups 2, 3 and 4

As pointed out in the Results, the choices of peoplein Group 3 (77/551) were dependent
on the behaviour of others, i.e. they did not have a dominant strategy.*® The choices of
Group 3 were gructurdly like those of Group 1 in that both preference orderings, if held by
al, would lead to the same two equilibria. The difference between Group 1 and Group 3
was the ranking of Complete Ban vs Status Quo. While Group 1 preferred a Complete Ban
to the Status Quo, Group 3 preferred the converse. In other words, people in Group 3
were behaviourdly indigtinguishable from those in Group 1 in thet they wished to drive if

othersdid, and did not wish to drive if othersdid not. Attitudinaly, however, the two
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groups were quite distinct, as Group 3 preferred retention of the Status Quo to a Complete

Ban, while the converse was true for Group 12

The other two main groups had dominant strategies. Group 2 (128/551) had a dominant
strategy not to drive. They exhibited preferences that are consonant with a*“ green”
outlook.?* This outlook was also manifest in their behaviour as this group had by far the
lowest rate of car use on that day’ s journey into Oxford.?> Group 4 (43/551) had a
dominant strategy which showed in a preference for continuing to drive a every choice
point.?® In the sense that the preferences of Groups 2 and 4 were unaffected by the
behaviour of others, they were structurally comparable to the PD sequence. Nevertheless
there were dso important differences. The“green” preferences of Group 2 differed from
PD preferencesin that they had a different dominant Strategy, i.e. a each choice point they
preferred the “not drive” option. The“driver” preferences of Group 4 displayed the PD
dominant strategy (viz. drive rather than not-drive), but unlike the PD group they preferred

the Status Quo over a Complete Ban.*

A discussion of posshle limitations

1. The scenarios revisited

We have dready discussed and diminated potentia difficulties created by the wording of the
scenariosin terms of few winners and many losers, in testing whether the treffic problemisa
PD (see Appendix 1). The same difficulties must till be addressed in relation to whether the
treffic problemisan AG. Asexplained in Appendix 3, the phrasing of C(2) in terms of

“many losers’ could conceivably have led respondents who redlly had Chicken Game
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preferencesto state a preference for D(n-1), the Status Quo, over C(2) while dill preferring
to be the only person not driving when everyone ese was driving, C(n-1) over D(n-1).

The fourth pilot study however showed that dmost everyone preferred being one of many
losersto being the soleloser. So it is extremely unlikely that the number of respondents
categorised as AG was atificidly inflated in thisway. It isin fact more likely thet the number
categorised as AG is an underestimate because some respondents may have been classified
as Green when they actually had AG preferences. In other words they expressed a
preference for C(2) over D(n-1) when they might not have fet asimilar preference for C(n-

1) over D(n-1). (See Appendix 3 for fuller discussion of these issues.)

2. Were respondents truthful ?

One conclusion of this study isthat peopl€ s preference orderings are not smilar enough to
be captured by any single canonical game structure.  The game structure which captures the
preference orderings of the largest proportion of car ownersisthe Assurance Game. The
Prisoner’ s Dilemma Game, in contragt, fitted the preferences of only 2% of the respondents.
Our interpretation of these findings is that respondents are dismayed at the prospect of being

losers rather than greedy to be winnersin the traffic Situation.

It might be argued that the failure to find a PD pattern of preferences was due to the fact that
interviewees were likely to be too embarrassed to select the sdlf -interested option at Choice
1. Such an argument rests on the assumption that salf- presentation would influence
responses in aresearch interview. Any concern of the respondents with making a good

impression should however have been minimal, as the interviews were anonymous and
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conducted en passantin a public place, and the interviewers had no identifiable connection
with any interest group. The force of the criticism is further weskened by the evidence of
the preference that people expressed at Choice 3. Despite the fact that 75% of respondents
sad that they favoured areduction in traffic in the city a Choice 2, only 28% Stated at
Choice 3 that they were willing to lose theright to drive (the idedlistic and dtruistic option).
Had sdif- presentation been an over-riding motive during the interview, this latter number

would have been much higher.

The aove criticism of interview dataimplies that people do not say what they redly think
for reasons such as embarrassment. In fact embarrassment is important precisaly becausein
red lifeit influences peopl€ s actions aswdl astheir words. During the interview alarge
number of respondents stated that they would not like to win the right to drive as depicted in
Choice 1 because winning such a privilege, even in alottery, would make them fed both
embarrassed and uncomfortable® The results of the second small-scale study carried out
after the main study bore this out Snce most respondents were unwilling to be winners unless
thirty per cent or more of driverswere also winners. In contemplating being amongst afew
winners respondents in both studies were worried by the “unfairness’ of the outcome and/or
feared the socia resentment and ostracism they might suffer. Thus the interviews strengthen

our belief that respondents replied truthfully in stating their preference at Choice 1.
Galluci and Perugini (2000) state that “Mainstream economicsis il reluctant to adopt
concern for other’ s outcomes as amotivational source ... [However] ... Some experimental

economists have recognized ... theimportance of incorporating the other’ s outcome into
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individual preferences’.?® Our datareinforce the worth of this orientation amongst
experimental economigts. In fact, this perspective has along history. At the end of the
nineteenth century German and Austrian economists hotly debated the influence of factors

other than salf-interest on economic decisions.”

The detailed wording and conceptudisation of the scenarios for the D(0) and C(n-1)
options could have affected responderts willingness to sate relatively sdlfish preferences.
The scenarios presented respondents with alottery that they had already won, D(2), or lost,
C(2). If fear of envy deterred respondents from choosing D(2) it is possible that the notion
of arepeated lottery (in which players have the chance of a different outcome on alater
occason) rather than a one-off lottery might have increased the number of respondents
prepared to select the D(2) option. However, theissue is not clear-cut: whilethe envy
factor would be reduced in a repeated lottery, the vaue of the prize (driving for an indefinite
rather than a shorter period in uncongested streets) would also be diminished. Indeed, the
choice of aone-off lottery over arepeated lottery can be defended on the very ground that

the latter would reduce the surface pay-off differentidsimplied in the archetypa PD.

IMPLICATIONS

1. Explanation of the traffic problem

Thefact that the interviewees' patterns of choices fell into four main groups indicates that the
traffic problem cannot be understood as the collective outcome of any single set of
preferences. But it is possible to provide an informa account of how the various

preferences might interact to produce the current traffic problem. Because 10% of car
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owners (Drivers and PD) have a dominant strategy to drive, they will drive regardless of
what otherswill do. A further 14% (group 3) prefer the Status Quo to a Complete Ban
which suggests that they will be hgppy to continue to drive even on congested roads.
Further, since these 14% will driveif othersdo, it islikdly that even asmal number of
persstent driverswill be sufficient to lead them to take to their cars. So, 24% of car owners
will continue to use their cars. Although the largest Sngle group - the 48% inthe AG -
prefers a Complete Ban to the Status Quo, they are neverthdess unwilling to give up driving
if others (and indeed only afew others) are till driving. Hence they too will probably use
their carsif the 24% aready discussed use theirs. Only Group 2, the Greens, will make the
non-contingent choice not to drive, and they represent asmdl minority. This means that
even though three quarters of car owners prefer a Complete Ban to the Status Quo, the fact
that the majority of them are unwilling to give up driving if others continue to drive resultsin

the current traffic problem.

2. Public palicy

We now address the policy implications of our findings. The study was directed &t testing
whether people have PD preferences and found that they did not. It found that a near-
majority (48%) of car-owners have AG preferences. But the respondents were far from
uniform in their preferences. 50% of them had preferences other than PD or AG. The

relevance of these mixed preferencesis examined in due course.

It seems gppropriate to begin by contrasting the public policy implications of AG and PD

preferences. This discussion deds with three questions.  |s there a case for Sate
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intervention? If thereis, what form should it take? Would intervention pose problems of

implementation?

The case for state intervention

With the PD, laissezfaire leads to market failure: the Nash equilibrium (the “ Status Quao”) is
Pareto-ingfficient. Each individud choosing fredy ends yp in a situation which isless
desirable from his or her standpoint than the cooperative outcome. State intervention (e.g.
in the form of atraffic-ban) would be Pareto-improving, i.e. would make each individua

better off.

With the AG too, thereis adear casefor state intervention but the argument is more
complex. The AG hastwo possible equilibria, the cooperative and the non- cooperative.
Theformer is Pareto-optima and it is arguable that it would be achieved spontaneoudy. If
everybody believed that everyone else had unchanging AG preferences, and trusted that
everyone would act on them, individuals would act cooperatively and the cooperative
solution would be achieved without coercion. In thisvein Sen (1967) argued in explaining
the AG modél (in adiscussion of the optimum savings problem) that, “To get out of the
problem al that is necessary isthat each individud is assured that the others are doing the
‘right’ thing, and then it isin one's own interest aso to do the ‘right’ thing. No enforcement
isnecessary.” (p 122). Whitelegg (1997) argues dong similar linesin the traffic context. He
thinks that thereisarole for state intervention but only to promote peopl€ s understanding of

each other’ sviews®
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The condusions from this line of thinking are over-optimistic for anumber of reasons. Even
if everyone shared theided of traffic reduction, and AG preferences were dmost universd,
people might not believe this to be the case (cf. Whitelegg, 1997). Secondly, people who
start with AG preferences and act co- operatively may get discouraged when they see others

behaving non cooperatively.”

It follows from the above that it is unredlistic to assume people would spontaneoudy
gravitate away from the non-cooperative towards the cooperative equilibrium. Thereis
therefore a case for gate intervention asinthe PD. Asin the PD, intervention would not be
paterndigtic. 1t would be designed to give people what they want but cannot achieve

through decentralised decision making. ™

The form of state intervention

Given that there is a case for Sate intervention, what form should it take? Withthe PD, a
traffic ban would be Pareto-superior to the equilibrium outcome (the Status Quo). Buit there
isamore subtle implication of the PD modd that underlies much economic thinking on this

topic.

The cooperative solution (traffic ban) is Pareto-superior to laissez-fare but it is not
necessarily Pareto-optimal. In the two-person PD, the cooperative outcome is Pareto-
optimd only if

2C(0)>C(1)+D(0).
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If this condition were not met, amix of cooperation and defection would be Pareto- optimdl.
Then-player extension of the above condition is

nC(0)>xD(x-1)+(n-X)C(x)," 1£XEn.
If the n-person PD were an accurate representation of city- centre traffic, it is entirdy
possible, indeed likely, that this condition would not hold, especidly if, as surveys suggest,
the percelved benefits of driving are high enough that the D(x) curve lieswell above the C(x)
curve for much of itslength. If the condition does not hold, public intervention should am to
move people from the non cooperative outcome to the appropriate mix of cooperation and
defection. If people only care aout ex ante utility, the mix could be achieved by a one- off
lottery that gives an appropriate number of people the right to drive. More reasonably, if ex
post utility iswhat people seek to maximise, arepeated lottery that results in each person
driving some of the time would be an dtractive solution. This solution is gpproximated in
some countries where in certain towns there are schemes to permit people to drive only on
specified days of the week (Matsoukis, 1985; Button, 1998). It is however well-known

that such schemes are subject to considerable evasion.

Economists usua prescription for inner-city congestion and pollution is not atraffic ban but
atax on vehicle use that reduces treffic to the point where the margind socid benefit from
driving equds its margind socid cost. The mode underlying this reasoning is consonant with
the n-person PD. If individuals had identica tastes and wedlth, atax set at the appropriate
level would lead to the optimum reduction in traffic by inducing each person to drive less
(the analoguein this case to an gppropriate mix of cooperation and defection). Of course, in

the real world, tastes and wedlth differ which means that such taxes affect people
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differentidly. In this case, the optimdity of the tax can only be argued on the assumption,
frequently made in economic andyds, that “income distribution can be separately looked

after”, i.e. that efficiency and distribution can be treated independently.

With the PD, atraffic ban would condtitute an improvement over laissez farebut it is
unlikely to be Pareto-optima. Pareto optimality would probably require atax on vehicle
use. The AGiscrucidly different in thisrespect. The case for atax that produces“an
appropriate mix of cooperation and defection” collapsesif people have AG preferences. In
the AG, the cooperative equilibrium is unambiguoudy Pareto-optimal, so atraffic ban isthe
optima policy.® Moreover, since the cooperative outcome is at the top of people's
preferences, it has no problematic digtributive implications even if tastes and wedth differ

(unlike a ban or tax in the PD) >

The implementation of state intervention

Inthe PD, unilaterd defection is the dominant sirategy for each individua, so there would be
an ever-present tendency to free ride and evade after public interventionisin place. A ban
or atax would thus be expensive to monitor and to police. If people had AG preferences,
government intervention (in this case atraffic ban) could work more effectively, and at lower
cost. Once the ban was established, there would be no tendency to free-ride or defect, so

enforcement would not be expensive.

I ntervention when there are heterogenous preferences
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The fact that 52% of the car- owning sample have non- AG preferences greetly complicates
the choice of public policy. The crucia fact to concentrate on is that 71% of our car-owning
respondents have a traffic ban at the top of their preference rankings.® In addition, 85% of
the non-car-owning respondents who were interviewed in the survey ranked a Complete
Ban above other possible options. A traffic ban would give 80% of people their first choice.
This doesinvolve over-riding the wishes of the remainder. The extent to which the |atter
didike aban varies. Only “drivers’ (group 4) have a Complete ban at the bottom of their
preference order and they represent only 4.5% of the total sample (i.e. including both those

who do and do not own cars).

The fact that a car-free city centre would provide more than four -fifths of people what they
want most, provides a democratic argument for atraffic ban when there are heterogeneous
patterns of preferences. It is hard to say anything more precise about public policy without

making detailed and debatable assumptions about individua and socid utility functions.

If atraffic ban is agreed to be desirable, implementation would not be a difficult problem,
given the digtribution of preferencesin our sample. Groups 1 and 2 would welcome aban
and Group 3 would acquiesceinit. Thisleaves only 10% of car owners (principaly Group
4 — Drivers) who would strongly want to beat the ban. Even so, policing the ban will have

to continue to prevent an erosion of assurance required by Groups 1 and 3.

Thereis no reason to suppose that the survey results are not gpplicable to many cities with

definable city- centres. In particular, the preponderance of AG and Green preferences



accords with the visble success of many interventions to ban traffic from the centres of many
European cities (Uhlig, 1979; Hass-Klau, 1990).34 Moreover, as Hass Klau & Dowland
(1994) state in their detailed report about the introduction of traffic excluson in the German
town of Luneburg, one of the most important lessons was that “momentum has to be
established by doing it quickly ... adow and cautious pace does not ... lead to consensus

but ... givesthe critics endless opportunities to prevent anything from happening a al.” (p.

47).

3. Gametheory and socid dilemmas.

Impressed by the eegance of the PD theory, socid policy theorists have too casudly
assumed that the PD provides an adequate andogy for rea-world socid dilemmeas, such as
the traffic problem or, more recently, panic - buying of fue (Halsworth & Tolley, 2000).
Many critics of experimental games have, of course, pointed out their lack of “ecologicd
vaidity” (eg. Argyle, 1991). Furthermore, n-person dilemmas, wheren islarge, havea
degree of complexity which makes them irreducible to the smplicity of two- person games.
Even the game theorist Rapaport (1970) argued againgt generalisation fromlaboratory
games, believing that “the events in the laboratory and those of the cosmos do not have the
samelaws’. Inour view, the danger is not so much in the transfer of ideas from the

laboratory but in the untested generdisation of these idess.

The current research has strongly suggested that the traffic Situation is not to be understood
asaPD or indeed as any single game. Using a survey technique to address a pressing socid

dilemma has dlowed us to illuminate some of the different consderationstha inform



individuas decisons aout driving. Thisis an excdlent example of the point made by Pruitt
and Kimmd (1977) that game-theorist laboratory experimenters have much to learn from

the nonlaboratory world.

CONCLUSIONS

The current study, conducted in an applied as digtinct from an artificid |aboratory setting,
has enabled us to conclude that the PD is definitely not the appropriate model to explain city
centre traffic congestion and pollution. A better modd isthe AG. Itisfear of being aloser
rather than desire to be awinner that motivated many of the interviewees to keep on driving.
Indeed, they were afraid of the possible negative consequences associated with success and
feared that winning the right to drive might lead to envy and resentment. Traffic congestion
and pollution are likely to be less amatter of people pursuing their safish interests and more

amatter of their lack of assurance and trust in others.

Our study aso suggests two more generd conclusions: i) The fascination of the PD,
whether in laboratory experiments or in economic and socid theory, may have blinded
people to other possible game theoretic explanations of socia phenomeng, ii) Lack of socid
cooperation may be dueto lack of trust in othersrather than raw sdf interest, aline of

thought that has significant implications for socid and economic policy.
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TABLE1

The number and percentage of respondents who chose the dternatives offered at choice

points1 — 3.

Number and percentage of respondents who chose each alternative
(N=551)

Choice 1
D(2 72 Thereisalottery for driving in the city centre.
13% You and a few others win a ticket - so you can drive
in
the city centre but most other people can't.
C(0) 479 Traffic is banned from the city centre
87% completely. Neither you nor anyone else will
be permitted to drive in the city centre.
Choice 2
C(0) 414 Traffic is banned from the city centre
75% completely. Neither you nor anyone else will
be permitted to drive in the city centre.
D(n-1) 137 The traffic situation stays asitis. You and
25% everyone else will be permitted to drivein the
city cente.
Choice 3
D(n-1) 396 The traffic situation staysasitis. You and
2% everyone else will be permitted to drive in the
city centre.
C(2 155 Thereisalottery for driving in the city centre.
28% A few people win tickds— so they can drivein
the city centre. But you and most othersdon’t win a
ticket.
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TABLE 2

Choices offered to and made by respondents

Choice 1 Choice 2 Choice 3 N % Designation
Youdrive/ Ban/ Status Quo/
Ban Status Quo You do notdrive
D(2)/C(0) C(0)/D(n-1) D(n-1)/C(2)

éroup

1 Ban/Drive Ban/SQ SQ/Not drive 264  47.9% assurance
C(0)>D(z7 C(0)>D(n-1) D(n-1)>C(2

2 Ban/Drive Ban/SQ Not drive/SQ 128 23.2% green
C(0)>D(z2 C(0)>D(n-1) C(2>D(n-1)

3 Ba/Drive SQ/Ban SQ/Not drive 77 14.0% group3
C(0)>D(2 D(n-1)>C(0) D(n-1)>C(2

4 Drive/Ban SQ/Ban SQ/Not drive 43 7.8% drivers
D(2>C(0) D(n-1)>C(0) D(n-1)>C(2)

5 Drive/Ban Ban/SQ SQ/Not drive 12 22% PD
D(2>C(0) C(0)>D(n-1) D(n-1)>C(2

6 Ba/Drive SQ/Ban Not drive/SQ 10 18% group6
C(0)>D(z2 D(n-1)>C(0) C(2>D(n-1)

7 Drive/Ban Ban/SQ Not drive/SQ 10 1.8% chicken/PD
D(2>C(0) C(0)>D(n-1) C(2>D(n-1)

8 Drive/Ban SQ/Ban Not drive/SQ 7 1.3% group8
D(2>C(0) D(n-1)>C(0) C(2>D(n-1)

Al
Ba/Drive Ban/SQ SQ/Not drive 551
479172 414/137 396/155
87%/13% 75%/25% 72%128%
C(0)/D(2 C(0)/D(n-1) D(n-1)/C(2




N.B. Drive (You are one of the few who drive/Others do not) D(2

Not drive (You do not drive/A few others do drive) C(2
Status Quo (All drive as now) D(n-1)
Complete Ban (No-one permitted to drive) C(0)

APPENDIX 1: Theoretical implications of the scenarios

Implications of the chosen wording for PD interpretations of responses.

The wording was asfollows

D(2): Thereisalottery for driving in the city centre. Y ou and afew otherswin a
ticket - so you can drive in the city centre but most other people can't.

C(0): Treffic is banned from the city centre completely. Neither you nor anyone
else will be permitted to drive in the city centre.

D(n-1): Thetraffic Stuation stays asitis. You and everyone else will be permitted
to drive in the city centre.

C(2): Thereisalottery for driving in the city centre. A few people win tickets— so
they can drive in the city centre. But you and most othersdon’t win aticket.

The above wording of the winner/loser scenarios resultsin their moving from extreme
positions (see Figure A.1). Whereas D(0) is a the highest extremity of the defection line,
phrasing the D (0) scenario in terms of afew winnersrather just one winner movesits
location to D(2), where z indicates “afew” defectorgdrivers. D(2) remains above C(0)
even after this dhift as a consequence of the assumption that the pay-off to the individua
from driving remains very high while only afew othersdrive. Smilarly, whereas C(n-1) isat
the lowest extremity of the cooperation line, phrasing the scenario in terms of many losers
movesitslocaionto C(z). Asdrawn, D(n-1) remainsabove C(2) even after thislarge shift.
In other words, the figure is drawn on the assumption that the benefitsto the individua of
driving in acongested city centre not only outweigh the benefits of not driving in the same
circumstances but aso outweigh the benefits of not driving even if there has been a
significant reduction in the number of drivers.

The main study, utilizing these scenarios, unambiguoudy tests the dass of n-person PD
models which incorporate these assumptions. It is however necessary to recognise potential
difficulties associated with the final wording of the scenarios as atest of the PD modd in its
full generdity. The difficulties that arise a Choice points 1 and 3 can be grouped under four
headings.

At Choice 1:
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1. Does C(0)>D(2)imply C(0)>D(0)?
2. Does D(2)>C(0) imply D(0)>C(0)?
At Choice 2:
3. Does C(2>D(n-1) imply C(n-1)>D(n-1)?
4. DoesD(n-1)>C(2) imply D(n-1)>C(n-1)?

1. Does C(0)>D(2) imply C(0)>D(0)?

Given the assumptions on which Figure 1 and Figure A.1 were based, C(0)>D(2) implies
C(0)>D(0). InFigureA.2the C(x) and D(X) lines are drawn asin the earlier two figures.
Now suppose that the cooperation lineis not C(x) but C&Xx) so that C&0) isvery closeto
D(0). Inthat case, we could have C&0)>D(2) but D(0)>C¢&0). Wewould then wrongly
reject the PD at thefirgt choice point. But it seems reasonable to rule out the possibility of
D(x) and C(x) being very close by assumption 1 (page 4) which we regard as hignly
plausble. It followsfrom this assumption that D(0) and C(0) arefar gpart, i.e. for an
individua with PD preferences, the payoff from driving greetly exceeds the payoff from not
driving when no one else drives.

The same problem could arisein adifferent way. Suppose the cooperation line remains
C(x) but the defection line is D&x) with a steep downward dope. We could now have
C(0)>D¢2) but D(0)>C(0). Againwe could be mided into rgecting the PD modd. We
rule this out by the assumption, which we regard as eminently plausible, that for individuas
with PD preferences the payoff from driving does not decline steeply if there are only afew
other drivers. In summary we are assuming that the defection and cooperation lines are
aufficiently far apart at D(0) and C(0), and that the defection line does not dope steeply
downwardsbetween D(0) and D(2).

Bringing the above condderations together, what we are asserting isthat it would be most
unlikely that an individua with PD preferences would prefer a Complete Ban over being
“one of the few permitted to drive in the city centre’, but nevertheless prefer being the “only
one permitted to drive in the city centre” over a Complete Ban. Therefore we are confident
that the wording of theD(2) scenario is suitable.

2. Does D(2)>C(0) imply D(0)>C(0)?

If the defection line is downward doping as would seem plausible for an individua with PD
preferences, D(z)>C(0) dearly impliesD(0)>C(0). It seems highly implausible that the
defection linefor a person with PD preferences could be upward doping. If, however, a
case could be made out that the defection line dopes upward between D(0) and D(2),
D(2)>C(0) doesnot imply D(0)>C(0). Thiswould make theD(2)>C(0) preference
uninterpretable. The results of the main study will show that thisis not a problem since only
13% of respondents prefer D(2) to C(0).

3. Does C(2>D(n-1) imply C(n-1)>D(n-1)?
InFigure A.1 theD(x) and C(x) lines were drawn sufficiently far gpart so that
D(n-1)>C(2), and therefore by the assumption of adownward doping C(x) curve,




D(n-1)>C(n-1). Supposethe D(x) and C(x) lines are drawn closer together asin Figure
A.3. We now haveC(2)>D(n-1) though D(n-1)>C(n-1). We would then wrongly reject
the PD at this choicepoint. Note, however, that if the cooperation line was in fact C§Xx)
with aflatter dope, we have C(2)>D(n-1) and C¢n-1)>D(n-1) i.e. we would correctly
regject the PD at this choice point. Since we do not know the true shape of the C(x) line,
C(2>D(n-1) isuninterpretable as atest of PD preferences.

4. Does D(n-1)>C(2) imply D(n-1)>C(n-1)?

If the cooperation lineis downward doping, as would seem plausible for an individua with
PD preferences, D(n-1)>C(2) doesimply D(n-1)>C(n-1). If however the cooperation
line dopes upwards in the range C(2) to C(n-1), D(n-1)>C(2) does not imply D(n-
1)>C(n-1). Thepreference D(n-1)>C(z) would then be unintepretable. 1t istheoreticaly
possible that the cooperation line is not monotonicaly downward doping but dopes upward
as x becomeslarger. Van Vugt et d.’s (1994) Chicken Game interpretation of the traffic
problem derts usto this possibility. See Figure A .4.

In Figure A4, by congtruction, D(0)>D(2)>C(0), and C(0)>D(n-1). At thethird choice
point D(n-1)>C(2), but C(n-1) could be> or < D(n-1) depending on whether the
cooperaion linefrom C(2) to C(n-1) istaken to be bold or dotted. ThusD(n-1)>C(2)
would be uninterpretable asit is compatible with the underlying game being Chicken or PD
depending on whether C(n-1) is above or below D(n-1) respectively.

To investigate whether our study is subject to this problem, we conducted a fourth pilot to
ascertain the dope of the cooperation line between x = zand x = n-1. Sixty Sx
respondents, who were all car drivers, were asked to state which of two options they
preferred. There were three pairs of optionsin tota, but each respondent was asked about
only one of the pairs. Two of the three pairs used the scenario to be used in the survey -

viz. being one of many people not permitted to drive in the city centre (i.e. one of many
losers), when some people could continue to drive (i.e. there were afew winners). Thiswas
offered as an option in comparison ether to being one of afew losers or to being the only
loser. For completeness, one third of the respondents were asked to State their preference
between being the only loser and being one of afew losers.

Among the respondents, 85% preferred being one of many losers to being one of afew
losers, while 96% preferred being one of many to being the only loser. Furthermore, 91%
respondents preferred the idea of being one of few losersto being the only loser. In other
words, the more losers (and fewer winners) there were, the more content the respondents
were to be losers. We therefore conclude that the cooperation line dopes downward asin
Figures A.1to A.3 and that the interpretation problem discussed immediately above cannot
aise. Notethat the results of this pilot aso throw further doubt on van Vugt et d.’s (1994)
interpretation of the traffic problem as a Chicken Game.

The conclusion from these tests and the preceding arguments can be stated asfollows. In
the survey respondents will be asked to make choices between three pairs of dternatives
D(2) vs C(0); C(0) vsD(n-1); andD(n-1) vsC(2). Given that there are these three
choice points, there are eight possible combinations of preference. The only preference
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ordering that will support the PD isD(2)> C(0); C(0)>D(n-1); and D(n-1)> C(2). Of the
other seven combinations, six will show that the PD modd isingpplicable to the traffic
gtuation. The seventh (viz. D(2)>C(0); C(0)>D(n-1); and C(2)>D(n-1) will be
uninterpretable for reasons given above.

In summary this survey wil enable us unambiguoudy to test the dass of n-person PD
modes as depicted in Figure A.1. Asfor the remaining class of n-person PDs:

0) There are some n-person PDs that we have argued are implausible in the case
of the traffic problem (see 1. and 2. above);

if) There are some n-person PDs that we have shown empiricaly in pilot 4 to be
ingpplicable to the traffic problem (see 4. above);

i) There are some n-person PDs which the main study can neither confirm nor
rgject (see 3. above). If our results show that this class of n-person PDsis
large, further empirical work will be necessary. (Infact, in our survey, this class
turned out to be very small.)
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APPENDIX 2: Post-survey empirical tests of the scenarios

Test1

Method

Thirty respondents (car driverswith demographic characteristics Smilar to the origina
sample) were asked whether they preferred a Complete Ban, C(0), to the Status Quo,
D(n-1) in the city centre (as previoudy phrased). They were dso asked to state which of
two optionsthey preferred. One option was the scenario used in the survey, viz. being one
of few lottery winners— D(2), and the other option was a scenario phrased exactly as D(0)
— being the only winner. The order of these tasks was varied.

Results

Ninety per cent of respondents said they would prefer to be one of a number of winners
rather than the only winner, i.e. D(2) was preferred to D(0). Sinceit wasfound in Test 1
and in the main sudy that C(0), a Complete Ban, was overwhdmingly preferred to D(2), it
follows, assuming trangtivity, that the formulation of the scenario as D(0) (one winner)
ingtead of D(2) (few winners) would have produced still less support for a PD interpretation
of thetraffic problem.

Discussion

If D(2)>D(0), the implication is thet D(X) isnot monotonicaly downward doping,
specificaly that the D(X) curveisupward doping between D(0) and D(2), though it must
eventudly dope downwards since by the PD hypothesis, D(0) > D(n-1). Inthiscaseitis
possible that we could have D(2)>C(0); C(0)>D(n-1); and D(n-1)>C(2)>C(n-1) even
though C(0)>D(0). In other words, it is possible that we may misclassify some people as
having PD preferences, though they in fact have Group 1 preferences. This biaswould
strengthen our results as it would reduce the size of the PD group and increase the size of
Group 1.

Test 2

Method

Fifty respondents (car drivers with demographic characteristics smilar to the origina
sample) were asked, asin the first smdl- scale study, whether they preferred a Complete
Ban, C(0), to the Status Quo, D(n-1), in the city centre (as previoudy phrased). They
were d 0 asked to envisage alottery for driving in the city centre with a variable number of
winners and losers. They were asked to choose whether they would wish to beawinner or
aloser at aseriesof 11 lottery outcomes. The order of taskswasvaried. Thelottery
outcomes ranged from ‘one winner and everyone ese aloser’ to ‘one loser with everyone
edseawinner’. Theintermediate points were expressed as winner/loser percentages, viz.
1/99, 5/95, 15/85, 30/70, 50/50, 70/30, 85/15, 95/5, 99/1. Thisway of testing the
representation of the model shown in Figure 1 dlows investigation of many more points on
the graph than in the pairs of scenarios used in the main study.



Results

Eighty two per cent (41/50) of respondents preferred a Complete Ban to the Status Quo,
i.e. apreference in line with the PD. Only three of these gave the full PD response (i.e.
electing to be awinner in circumstances in which they would be the only winner). Sixty per
cent (30/50 of the sample) preferred a Complete Ban to the Status Quo and only choseto
be awinner as long as they were not the only winner. Furthermore, 57% of this group
(17/30) only chose to be awinner provided at least 30% of others were aso winners.
Altogether 25 of the 50 respondents chose to be awinner and have the right to drive only if
at least 30% were dso winners.

Discussion

The predominant response in both the main and smdler sudies was (i) to prefer a Complete
Ban to the Status Quo, and in the second smaller study, (i) to wish to have the right to drive
only if asubstantial number of other people did so too.

Because of the greater range of points which can be investigated, the second smdler sudy’s
way of testing the mode isin some ways, more satisfactory than the scenario method. Such
an gpproach, however, would have been unsuitable for the main study for at least two
reasons. Tversky and Kahneman (1973) have demonstrated that people are proneto a
variety of errors when deding with percentages. Secondly, a series of questions of thiskind
runs the risk of dienating potential respondents as they find the task repetitive or suspect
they are being tricked into some kind of reasoning task. This problem is particularly acute in
roadside interviews.



APPENDIX 3: Possible misclassification of respondents

Table 2 shows the eight possible combinations of preference resulting from the three choices
offered. We are confident that we have not underestimated the number of respondents with
PD preferences for the following reasons. Groups 3,4,6 and 8 could not have PD
preferences as they unambiguoudy failed the PD test by preferring the current traffic
Stuation to a Complete Ban, D(n-1)>C(0). Groups 1, 2, 3 and 6 fail the PD test at the
first choice point, sncethey preferred C(0) to D(2). Not only isit aplausible assumption
that thisimplies C(0)>D(0), but this was confirmed by post-survey test 1. This leaves
Groups5and 7. Group 5 isthe PD group, because the PD tests were satisfied at al three
choice points. Group 7 is problematic. It satisfiesthe PD tests at the first two choice
points. However, as explained in Appendix 1, C(2)>D(n-1) is ambiguous as regards the
relative rankingof D(n-1) and C(n-1). The preferences of Group 7 were therefore
compatible with both the PD and Chicken Games. In the survey this problem turned out to
be of little empirical quantitetive Sgnificance. Even if dl the respondents with the Group 7
ranking were included in the PD category, the latter would only account for 4% of
respondents.

The potentid difficulties with regard to misclassification must so be addressed in relaion to
whether the traffic problemisan AG. If the cooperation line were not monotonicaly
downward doping, it would be possible that some respondents were misclassified as AG
when in fact their preferences corresponded to the Chicken Game. In other words it would
be possible for people to prefer the Status Quo, D (n-1), to being one of many losers, C(2),
and nevertheless prefer being the sole loser, C(n-1), to the Status Quo, D(n-1). Buit it has
aready been shown in pilot study 4 that thisis not so (see Appendix 1). The co-operation
lineis downward doping in the relevant range. This downward dope dso rules out the
possibility that some “greens’ may have been misclassfied as AG.

There remains the further possibility that some people may have been misclassified as
“green” when they had AG preferences. This could be the case given the wording of the
scenarios and amonotonicaly downward doping cooperation line. The minority of
respondents (28%) who accepted being losers at Choice 3 might have been even less
numerous had the wording been different (i.e. a scenario where the respondent was till a
loser but amongst fewer losers). These respondents may have been attracted to the C(2)
option precisaly because it permitted so few to drive. It is possible that the attraction of
some of these respondentsto C(2) was not due to a dominant strategy not to drive. This
leads to the conclusion that some of the group labelled “green” may actudly have had the
contingent strategy which typifies the assurance group. This would mean that assurance
preferencestypified over 50% of the sample.

It isdso conceivable that some respondents classified as “greens’ might in redlity have had
Chicken Game preferences, since C(0)>D(2) could in principledlow D(0)>C(0). But
post-survey test 1 hasruled this out by showing that D(z)>D(0) (see Appendix 2).

Using the pilot and post-survey tests, it is possible to consder in this exhaustive way
whether respondents may have been misclassified for each of the remaining groups. But the



low numbers of respondentsin these groups renders presentation of this materia
unnecessary. The only other sgnificant misclassficiation that could occur on account of the
scenarios is that some respondents identified as “drivers” may belong to Group 3.

46



REFERENCES

Argyle, M. (1991). Cooperation: The Basis of Sociability, London: Routledge.

Bannon, C. and Cogtdlo, A. (1997). ‘ Transport and health - abiomedical perspective,
World Transport Policy and Practice, vol. 3/4, pp.11-16.

Button, K.J. (1998). ‘ Road pricing and the alternatives for controlling road traffic
congestion’. In (K. J. Button & E. T. Verhoef, Eds.) Road Pricing, Traffic
Congestion and the Environment: Issues of Efficiency and Social
Feasibility, chapter 5, pp 113- 135,Cheltenham, UK: Edward Elgar.

Bryant, C.G.A. (1985). Positivismin Social Theory and Research, London: Macmillan.

Colman, A. M. (1995). Game Theory and its Applications, 2™ edition, Butterworth-
Heinemann Ltd., Oxford.

Clark, R.D. and Maess, A. (1990). ‘ The effects of mgority size on minority influence’,
European Journal of Social Psychology, vol 20, pp. 99-117.

Cross, J. and Guyer, M. (1980). Social Traps, Ann Arbor, The University of Michigan
Press.

Darley, JM. and Latane, B. (1968). ‘Bystander intervention in emergencies: Diffusion of
respongibility’, Journal of Personality & Social Psychology, vol.8, pp.377-
383.

Dawes, R.M., Ddlay, J. and Chaplin, W. (1974). ‘ The decision to pollute’, Environment
and Planning A, vol. 6, pp. 3-10.

Department of the Environment (1994). 1993 Survey of Public Attitudesto the
Environment, Ruidip, Department of Environment Publications.

Department of the Environment, Trangport and the Regions. (1998). A New Deal for
Transport : Better for Everyone, The Government’s White Paper on the Future
of Transport. The Stationery Office: London.

Department of Health. (1998). Our Healthier Nation: A Contract for Health, Cm
3854. The Stationery Office, London.

Deutsch, M. (1958). ‘ Trust and suspicion’, Journal of Conflict Resolution, val.2, pp.
265-79.

Gdluci, M. and Perugini, M. (2000). * An experimentd test of a game-theoretica modd of
reciprocity’, Journal of Behavioural Decision Making (in press).

Halsworth, A.G. and Talley, R. (2000). ‘ Urban hysteria & panic in the streets— the British
fuel blockade September 2000 — a socid interpretation’, World Transport Policy
& Practice, vol. 6, no. 3, pp. 5-10.

Hallsworth, A.G., Black,C. and Toalley, R. (1995). ‘ Psycho-socid dimensions of public
quiescence towards risks from traffic- generated atmaospheric pollution’, Journal of
Transport Geography, vol.3, no. 1, pp. 39-51.

Hass Klau, C. (1990). The Pedestrian and City Traffic, London: Belhaven Press

Hass Klau, C. and Dowland, C. (1994). Luneburg: The Making of a Car-free Town
Centre, Brighton: Environmental and Trangport Planning.

Jones, P. (1998). ‘Urban road pricing’. In (K. J. Button and E. T. Verhoef, eds.) Road
Pricing, Traffic Congestion and the Environment: Issues of Efficiency and

Social Feasibility, Cheltenham, UK: Edward Elgar.
Komorita, SS. and Parks, C.D. (1994). Social Dilemmas, Dubuque, USA, WCB Brown
& Benchmark.

47



Latane, B. and Wolf, S. (1981). ‘ The socid impact of mgorities and minorities,
Psychological Review, val. 88, pp. 438-453.

Lex Service (1999). The 1999 Lex Report on Motoring, Bourne End, Bucks.: Lex
Service PLC.

Matsoukis, E.C. (1985). ‘ An assessment of vehicle restraint measures', Transportation
Quarterly, vol. 39, no.1, pp. 125-133.

Moscovici, S. (1980). ‘ Toward atheory of conversion behavior’. In (L. Berkowitz ed.)
Advances in Experimental Psychology, vol. 13, pp. 202-230, New Y ork:
Academic Press.

Mugny, G. (1982). The Power of Minorities, London: Academic Press.

Neidert, G. and Linder, D. (1990). ‘ Avoiding socid traps, Social Behaviour, val. 5, pp.
261-284,

Oppenheim, A.N. (1992). Questionnaire Design, Interviewing and Attitude
Measurement London: Pinter Publishers.

Patt, J. (1973). * Socid traps’, American Psychologist, vol. 28, pp. 641-651.

Pruitt, D.G. and Kimmd, M.J. (1977). ‘ Twenty years of expeaimenta gaming: Critique,
gynthes's, and suggestions for the future’, Annual Review of Psychology, vol. 28,
pp. 363-392.

RAC (2000). RAC Report on Motoring 2000, Feltham, Midddsex: RAC Motoring
Services

Rapoport, A. (1970). ‘ Conflict resolution in the light of game theory and beyond'. In (P.
Swingle, ed.) The Structure of Conflict, pp. 1-42, New Y ork, Academic Press.

Roya Commission on Environmental Pollution (1994). 18" Report. Transport and the
Environment, London, HM SO.

Sen, A.K. (1967). ‘Isolation, assurance and the socid rate of discount’, Quarterly
Journal of Economics, LXXXI, pp. 112-124.

Sen, A K. (1973). ‘Behaviour and the concept of preference’, Economica, val. 40, pp.
241-250.

Stern, P.C. (1992). * Psychologica dimensions of globd environmenta change', Annual
Review of Psychology, vol. 43, 269-302.

Thurgtone, L.L. (1931). ‘ The measurement of socid attitudes', Journal of Abnormal and
Social Psychology, vol. 26, pp. 249-269.

Tversky, A. and Kahneman, D. (1973). ‘ On the psychology of prediction’, Psychological
Review, val. 80, pp. 237-251.

Uhlig, K. (1979). Pedestrian Areas: From Malls to Compl ete Networ ks London:
Academic Editions.

Van Lange, P.A.M.,, Liebrand, W.B.G., Messick, D.M. and Wilke, H.A.M. (1992).
‘Introduction and literature review’. In (W. Liebrand, D. Messick and H. Wilke,
eds.) Social Dilemmas: Theoretical I1ssues and Research Findings, Oxford,
Pergamon Press.

Van Vugt, M. (1996).Social Dilemmas and Transportation Decisions, University of
Southampton Design and Print Centre.

Van Vugt, M., Meartens, RM. and Van Lange, P.A.M. (1994). * Commuting by car or by
public transportation: An interdependence theoreticd andyss. In (U. Schulz, W.
Albersand U. Muéller, eds. ) Social Dilemmas and Cooperation, pp. 291-309,

Berlin: Springer-Verlag.




Von Neumann J. and Morgenstern O. (1944). Theory of Games and Economic
Behaviour, Princeton: Princeton University Press

Whitelegg, J. (1997). Critical Mass: Transport, Environment and Society in the
Twenty-first Century. London, Pluto Press.

Williams, B. (1995). Making Sense of Humanity: and Other Philosophical Papers,
1982-1993. Chapter 10, Forma structures and socid redlity, pp. 111-122.
Cambridge: Cambridge University Press.

49



END NOTES

! Weare grateful to Michael Bacharach, Oliver Board, David Myatt, Amartya Sen and David Vines for
their invaluable comments; to Dorry Glockling, Anthony Miles, Caroline du Monteil and Philip Rasul for

research assistance; and to the Environmental Transport Association who funded the survey work.

% “The Tragedy of the Commons” is another model commonly used to explain these phenomena. But
this‘tragedy’ itself is generally modelled as ann-person PD. For example, see Dawes, Delay & Chaplin

(1974) who model the decision to pollute as ann-person PD.

® Itisgenerally assumed by planners and others concerned with the environment, that for most towns
or cities, the concept of the “city-centre” is unproblematic (Royal Commission on Environmental
Pollution, 1994, Hass-Klau, 1990). For complex conurbations, such as London or Los Angeles, the

matter may not be so clear-cut as such cities are multi-centred.

* In this paragraph and in the rest of this paper, ‘equilibrium’ is used as a short-hand for ‘Nash
equilibrium’, viz. asituation in which each player isin his/her preferred position given the choices of the
other players. The PD has one equilibrium and it is not ‘ Pareto-optimal’. A Pareto-optimal situation is
defined as one in which one player cannot improve his/her position without worsening that of another
player. Inthe PD, the equilibrium isDaDb. The non-equilibrium position CaCb is Pareto-superior to

DaDb, but it may or not be Pareto-optimal. See endnote 29.

® Throughout this paper we employ the terms“cooperative” and “non-cooperative” in their everyday
sense. Of course, these terms also refer to alternative modes of game theoretic analysis as defined by
Von Neumann & Morgenstern (1944). It should be emphasised that our analysisis purely “non-

cooperative” initstechnical meaning. Reference to cooperative outcomes or equilibria does not imply

that binding agreements are available.



® C or D denotesthe strategy of the individual, and notation within brackets refers to the number of

others who defect (drive). TheC(x) and D(x) notation is used to refer to payoff or outcome depending

on context.

" Thetwo key features of the two -person PD would be as follows in the new notation:
It isadominant strategy to defect, so that
D(0) > C(0), and D(1) > C(1)
Mutual cooperation is preferred to mutual defection, so that
C(0) > D(1)
From each player’ s point of view, the ranking of the four outcomes would be:
D(0)>C(0)>D(1)>C(2).

The cooperative outcome isC(0), and the equilibrium outcome isD(1).

® The general PD model does not require that theD(x) and C(x) lines be monotonically downward
sloping. But the relative positions of D(0), C(0), D(n-1)and C(n-1) imply that these lines must eventually
slope down. Note that we have drawn the D(x) and the C(x) lines as parallel straight lines, but that is

purely for convenience. (For adiscussion of the general PD model see Appendix 1.)

® Van Vugt (1996) found that respondents with environmental concerns (mainly students) had a
dominant strategy not to drive. To infer that their preferences were of the PD rather than “ green”
variety, van Vugt would have had to show that they preferred congestion, D(n-1), to traffic-free streets,

c(o)!!

10 The model that van Vugt (1996) considered to have high explanatory value in describing the
behaviour of commuters was the “ Chicken Game” (D(0)>C(0)>C(n-1)>D(n-1)). In this game, players do
not have dominant strategies and their decisions are dependent on others’ behaviour. Thisis
prototypically seen as atwo -person game in which two motorists are driving head-on towards each

other down asingle-track road. In thiscase, mutual defection (i.e. both continuing to drive) will resultin
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the worst possible outcome of acollision. Van Vugt et al. (1994) tested thismodel. Their study is
vulnerable to the criticism that commuters were led to the given responses as they were presented with
scenariosthat i) contained ideal conditions for the use of public transport (i.e. living 2-3 minuteswalk
fromastation at either end of the journey to work), and ii) suggested that if everyone else drove it
would be quicker to travel by public transport, but that if everyone else went by public transport it
would be quicker to drive. The demand characteristics of these scenarios would appear to be
overwhelming. Itisimportant to note again that van Vugt et a. (1994) did not ask the critical question
whether C(0) is preferred toD(n-1). Thusvan Vugt et a. (1994) could not reliably establish that the
commuter respondents had Chicken Game preferences. Furthermore, the Chicken Game cannot provide
aplausible explanation for the traffic problem asit implies that drivers concerned about congestion only
use their cars because they think others will not do so, and change to public transport when they

perceive others using their cars. If thiswere the case, continuous traffic congestion should not arise.

™ To get aPD ordering of preferences of four outcomes from the 3 choices, we need to assume
transitivity, i.e. if x ispreferredtoy andy is preferred to z, x ispreferred to z. Thisissurely an
innocuous enough assumption if the chain of transitive reasoning is short. Transitivity of preferenceis

assumed throughout this paper.

2 Theinterviews were conducted prior to the pedestrianisation of parts of Oxford city-centrein 1999.

¥ Group 7 showed the preference orderingD(z) over C(0); C(0) over D(n-1); and C(2) over D(n1). The
most straightforward interpretation of this sequenceisthatit isthe Chicken Game. However, as aready
explained in Appendix 1, under someinterpretations, it is possible to argue that the phrasing of C(2) in
terms of few winners and many losersimpliesthat apreference for C(2) over D(n-1) is not necessarily
incompatible with the PD model. On thisinterpretation, Group 7 could therefore be regarded as
ambiguously belonging to the PD group. This however does not create any great improvement in

support for the PD model as the addition of the 10 Group 7 respondents would only increase the overall
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percentage of PD answersto 4%. Thus the uninterpretability problem alluded to in the Method and

Appendix 1 was of little quantitative significance.

¥ This difference simply echoes the trend noted above that those who chose the option of not being
one of thefew allowed to continue driving in the city at Choice 3 (C(z)>D(n-1)) were significantly less
likely to have driven into the city that day. This choice characterises Group 2 and none of the other

three mgjor groups.

'* Group 1 made the following choices in the survey (see Table 2):
C(0)>D(2); C(0)>D(n-1); D(n1) >C(2
Assuming transitivity, these choices are compatible with 3 complete orderings of the 4 outcomes.
C(0)>D(2>D(n-1)>C(2
C(0)>D(n-1)>D(2)>C(2)
C(0)>D(n-1)>C(2) >D(2)
All these orderings are consistent with the AG on the assumption, justified in Appendix 1, thatD(2) and

C(2) aregood proxiesfor D(0) and C(r+1).

% van Vugt (1996) mentioned the “ Trust Game” as a possible model for decision-making about car use,

but surprisingly did not test it.

¥ The PD has one equilibrium, D(n-1), which is not Pareto-optimal. The AG hastwo equilibria, C(0)

and D(n-1), one of which -viz. C(0) - is Pareto-optimal.
'8 Whitelegg (1997) labels the traffic problem asa PD. But his description of motorists' decisions,
emphasising that people do not have a dominant strategy, suggests that he should have classified it as

an AG.

¥ Group 3 made the following choicesin the survey (see Table 2):



C(0)>D(2); D(n-1)>C(0); D(n-1)>C(2)
Assuming transitivity, these choices are compatible with 3 compl ete orderings of the 4 outcomes. On
the assumption, justified in Appendix 1, that D(z) and C(2) are good proxiesfor D(0) and C(n-1), dl
these orderings are consistent with the logic of an AG, except that the Status Quo is preferred to a

Complete Ban.

% |n game theoretic terms, these two games have the same equilibria, viz. C(0) and D(n-1), but with the

reverse Pareto ranking.

2L The survey results yield the following choices for Group 2 (see Table 2):

C(0)>D(2); C(0)>D(n-1); C(2>D(n1)
Assuming transitivity, these choices are compatible with 5 compl ete orderings of the 4 outcomes. On
the assumption, justified in Appendix 1, that D(z) and C(2) are good proxiesfor D(0) and C(n-1), dl
these orderings show a dominant strategy not to drive. This reflects a green mentality with varying

degrees of self-regard and regard for others.

22 |t is possible that the Group 2 figure may underestimate those in the population with green
preferences since at least some of the non-car owners in our sample may be ex-car owners who have

given up their car for “green” reasons.

2 Group 4 made the following choicesin the survey (see Table 2):

D(2>C(0); D(n-1)>C(0); D(n1)>C(2)
Assuming transitivity, these choices are compatible with 5 complete orderings of the 4 outcomes. On
the assumption, justified in Appendix 1, that D(z) and C(2) are good proxiesfor D(0) and C(n-1), al
these orderings show a dominant strategy to drive. Thisindicates that Group 4 respondents are

“committed drivers’ with libertarian attitudes of varying degrees of strength.



% 1f everyone had Group 2 (green) preferences the equilibrium would be C(0) (i.e. a Complete Ban)and it
would also be Pareto-optimal. Similarly, if everyone had Group 4 (drivers) preferences the equilibrium
would be D(n-1) (i.e. the Status Quo) and it would again be Pareto-optimal. In both these cases, no

social dilemmais created.

% Thelottery formulation was deliberately chosen to remove any suspicions of deservingness from the
scenarios. If anything, the lottery increases abiasin favour of finding a PD result because on the face
of italottery is‘fair’ since everyone has an equal chance of winning. This should reduce any sense of
guilt if oneisawinner or resentment if oneisaloser.

% Spme might argue that it is possible to differentiate people’ s “raw” (self-interested) preferencesfrom
their modification dueto social factors. Thisimpliesamodel in which peopleinitially make araw
decision and only subsequently make a socially influenced decision. Within psychology thereis much
debate and research about whether decision-making is serial or parallel. Thereisno apriori reason to
assume that decision-making about car useis serial. Nor isthere any reason to assume that, if the
decision process were serial, consideration of self-interest would comefirst. It is perfectly conceivable
that some people might be sufficiently concerned about their social status, respectability or “face” that
their first consideration would be the range of socially acceptable alternative courses of action open to
them. Only subsequently would they make the supposedly “raw” self-interested choice from among this
set. Itisat least equally probablethat social and self-interested concernsinteract with each other in
peopl€’ s consideration of agiven option. One should not of course assume that social concerns are

necessarily moral or unsdfish, but they may be either or both.

Itisimportant not to take for granted the ideathat thereisaprivileged set of “raw” self-interested

preferences which have priority in decision-making. When thisideaistaken for granted as an article of

faith it becomes unfalsifiable.
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%" schmoller and the German historical economists enjoyed alengthy period of dominancein German
economic thought between the 1870s and the early years of the twentieth century. They “objected to
the a priorideductive or theoretical approach of classical economics, and demanded initsplacean a
posteriori inductive or empirical approach. They accused the classicists of atomism and economic
egoism— of basing their analyses upon the acts of individual economic agentsin abstraction ... from
anything but narrow self-interest —and called instead for due acknowledgement of the force of the
organic structures of community (Gemeinschaft) ... and the complexes of social and individual interests

... which impinge upon economic action” (Bryant, 1985, pp 59-60).

%8 This view gains some empirical support from two distinct areas of research in experimental social
psychology. Inlaboratory studies of repeated trial PDs, it is commonly found that cooperation is
increased if participants can communicate (Deutsch, 1958). Experimental studies of groups have also
shown that a vocal minority who support an innovative point of view for which the majority already feel
some sympathy can lead the whole group to change its behaviour (Moscovici, 1980; Mugny, 1982).
This change seems to depend on the majority’ s recognising that most other people do in fact share their

sympathy for thisview (Clark & Maass, 1990).

2 Moreover, as Williams (1995) has warned, it would be unwise to draw norinterventionist
conclusions from an AG model of social dilemmas because the necessary conditions for communication
and social influence are not easily found in large, complex societies. Furthermore, even though the
phenomenon of minority influenceisattractiveto those of aliberal persuasion, psychological research
has repeatedly shown that majority influence tendsto be far stronger (Latane & Wolf, 1981). This
implies that communication of shared attitudes will not be sufficient, and that even awillingnessto

change on the part of afew people will not initiate a general change.

% Thisisin complete contrast to, say, the imposition of atraffic ban if people had a preference to

continue driving come what may as some of our respondents (Group 4) did. In such circumstances,
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state intervention would be designed to produce paternalistically an outcome valued by the government

with no concernfor individual preferences.

%1 1t could be argued that the cooperative outcome could be reproduced by atax that reduces driving
sufficiently to create the assurance that is needed for everyone not to drive, which isin any case their
first preference. In equilibrium, the revenue from the tax would be zero and the desired result would be

produced more directly by a ban.

32 The AG model provides someinsight into why public opinion is often strongly opposed to the use
of pricing (DoE, 1994; Lex 1999, RAC, 2000). Those with AG preferences would willingly give up driving
if they are assured that others will not drive, but feel aggrieved if others drive and in those
circumstances wish to drivethemselves. Thereforeif thereis an intervention which allows some people
to drive and deniesthisright to others, it will be unpopular and resisted. Individuals may have AG
preferences because they are committed to equality of accessto roads, or merely because they fear
others' envy. Of relevance hereisJones' (1998) suggestion that in Britain “ The urban road network
(unlike motorways) isimplicitly viewed as ageneral purpose public space which al arefreeto share ... it

represents one of a diminishing number of situations where people are treated equally.” (p. 269)

% The 71% is comprised of 48% AG and 23% Greens. Itislogically possible that some of our Greens
preferred C(2) to C(0) while preferringC(0) to both D(2) and D(n-1). (see endnote 21). But such

masochistic preferences are psychologically highly unlikely.

% Thisfollows along tradition: the ancient Romans al so adopted extreme measures for traffic reduction

by banning most categories of vehicle from the city centre during daylight hours.
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Fig.1 n-person Prisoner's Dilemma Game

Drive = Defect
Not drive = Cooperate

Individual's x = number of other people who defect (drive)
Dix) = individual payoff to defection (driving)
payOff when x others defect

Ci(x) = individual payoff to cooperation {not
driving) when x others defect

D(0)

C(0)

0 n-1 X
Number of others who defect (drive)



Fig. 2 Assurance Game and the Traffic Situation

Drive = Defect
Not drive = Cooperate

Individual's x = number of other people who defect (drive)
Dix) = individual payoff to defection (driving)
payOff when x others defect

Ci(x) = individual payoff to cooperation {not
driving) when x others defect

C0)

D(0)

0 n-1 X
Number of others who defect (drive)
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Fig. A.1 n-person Prisoner's Dilemma Game
showing positions of D(z) and C(z)

Individual's Drive = Defect

payoff Not drive = Cooperate _
X = number of other people who defect (drive)
D(x) = individual payoff to defection {driving)
when x others defect
C(x) = individual payoff to cooperation (not
driving) when x others defect

D(0)

D(x)

C(0)

0 z "a few" n-1 X
Number of others who defect (drive)
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Fieg. A.2 Alternative possible cooperation and
defection lines relevant to Choice 1

Drive = Defect
Not drive = Cooperate
Individual's x = number of other people who defect (drive)
D(x) = individual payoff to defection (drivin,
payOff ® when x otlllje?; defect ( ®
C(x) = individual payoff to cooperation (not
C '(X) driving) when x others defect

/

D)

0 z "a few" n-1 X
Number of others who defect (drive)
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Fig. A.3 Alternative possible cooperation
lines relevant for Choice 3

Drive = Defect
Individual's Not drive = Cooperate
payoff x = number of other people who defect {(drive)
D(x) = individual payoff to defection (driving)
when x others defect
Ci(x) = individual payoff to cooperation {not
driving) when x others defect

0 z"afew" n-1 X
Number of others who defect (drive)
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Fig. A.4 Alternative non-monotonic
cooperation lines relevant for Choice 3

. . Drive = Defect
Individual's Not drive = Cooperate
payoff X = number of other people who defect (drive)
D(x) = individual payoff to defection {driving)
when x others defect
C(x) = individual payoif to cooperation (not
driving) when x others defect

0 z"afew" n-1 X
Number of others who defect (drive)

63



