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ABSTRACT

This paper describes a method for developing instruments for quantitatively measuring
subjective judgements about situations of risk in driving.

The EPRA scale will be presented as an example of an application of this method. This
method made it possible to obtain an objective instrument to measure people’s ability to
perceive the risk in driving settings. 

This information may be of interest, generally, to researchers who have the need in their
work to measure or quantify subjective characteristics and, specifically, to those who are
interested in studying the way risk is perceived in the area of traffic accident prevention.

KEYWORDS: Traffic Psychology, Psychological Tests, Stimuli scaling, Risk perception, Scale
construction, Psychological measurement.

INTRODUCTION AND PURPOSE

Measurement is one of the requirements of science and, at the same time, one of the most
important aspects that characterize it. In other words, in order to study something from a
scientific point of view, it is necessary for that something to be able to be measured. This is
also true for other things and/or phenomena where the existence of relationships is expected
to be found, whether causal or not.

Although incorporated late, Psychology has been among the steadily growing group of
scientific disciplines for quite some time. Therefore, attention and dedication to the
methodology of measurement occupies, or should occupy, an important position in this field.
It is necessary to dedicate important efforts and resources to this task, as occurs in other
sciences.

Nevertheless, what is studied in Psychology, human behaviour, has special characteristics. It
includes not only observable behaviour, but also that which is not apparent, such as
attitudes, aptitudes, thoughts and values. For this reason, psychologists often find
themselves with the need to go beyond the limits of what is directly observable, the
“measurable”, in order to advance in our discipline. Thus, the measurement of “the
impossible”, the quantification of the subjective, is one of the challenges that characterize
the development of Psychology as a science. We must dedicate a large part of our research
to developing methods and instruments that will allow us to measure what we are trying to
study. One example would be intelligence. 
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The objective of this paper is to describe the methodology followed to measure one of
these subjective characteristics that go beyond what is directly observable: the perception
of risk and, specifically, the risk associated with driving automobiles. This objective
involves developing an instrument to measure the capacity of persons to perceive risk,
which, at the same time, involves developing a method to measure or quantify the perceived
level of risk for different “typical” situations. These situations, once quantified or scaled, will
serve as a model to measure the ability of persons to perceive the risk associated with the
activity of driving. These situations will constitute the items on the Test or final measurement
instrument.

In this way, rather than simply offering a new measurement instrument, the Scale of Risk
Perception EPRA (Monterde-Bort, 1989; Monterde-Bort, Soler and Reig, 1990), the idea
here is to present a methodology for measuring and quantifying the subjective, using the
EPRA scale as an example. We believe this methodology will be useful to the collective of
researchers who have to work with subjective variables and, especially, those interested in
studying the human factor, the subjective element par excellence in the traffic system. 

JUSTIFICATION (AND THE PROBLEM WITH THE
SUBJECTIVE)

To measure or find out the true risk in a certain traffic situation, we can consider various
methodological strategies. One initial view could be to use objective data associated with the
situation, such as the number of accidents that the situation (e.g., not maintaining a safe
distance in a situation of rain) has caused, or the value in euros of the damage that the
situation (e.g., not wearing a seatbelt) has produced. However, this is not at all an easy
task. For example, in the first case, it would be necessary to determine what the correct
minimum safe distance would be for “those” traffic conditions that would make a comparison
possible with other equivalent situations and the calculation. In the second case, a collision
would have to have occurred.

On the other hand, evaluating the perception of risk, that is, the risk from a subjective
perspective, has the advantage of telling us how we think. Furthermore, based on
psychological research, it is well-known that, in general, (except in pathological cases)
people modify their safe or risky behaviour depending on the risk they perceive and the risk
they are willing to accept in each moment and circumstance (Gibson and Crooks, 1938;
Smeed, 1949; Cownie and Calderwood, 1966; Wilde, 1982, 1988, 2001; Evans, 1985;
Adams, 1988; Monterde-Bort, 2004). This aspect would add extra interest to the subjective
dimension of risk.

The main disadvantage of approaching risk from a subjective perspective, as with any other
subjective variable, is that the subjective must be made objective. This is a requirement for
measuring it, which is in turn a requirement for making it scientific. Specifically, the question
is how to find an objective value (measurement) for what does not have one.

Psychology as science has to provide a solution to this problem, and it has been developing a
specific methodology ever since L.L.Thurstone formulated his “Comparative Judgment Law”
(Thurstone, 1927; Guilford, 1954; Torgerson, 1958). This law, by using statistical models,
allows us to use judgments to obtain values “near” the supposedly true values of stimuli that
are not directly quantifiable. In other words, it allows us to estimate the scale values of a
certain attribute in different subjective stimuli that have that attribute or characteristic.

In our case, the attribute will be the level of risk (perceived), and the stimuli will be
different traffic situations (standardized).
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PROCEDURE

The process of constructing a scale or instrument to measure a subjective attribute in people
involves three basic steps:

1) Elaborate or find a large enough number of stimuli that supposedly have the
attribute or characteristic to be evaluated, and to which a later selection process can
be applied (to obtain an ideal number of those stimuli that best meet the objectives).
This larger group of stimuli will make up the initial item bank.

2) Find a scale value that is valid for each stimulus in this initial group. That is,
objectively estimate the degree to which the attribute being considered is found in
each stimulus. This step is where the true challenge lies, where the subjective or
qualitative will be quantified and, therefore, where the methodology is focused. This
methodology in Psychology represents a specialization, shared with mathematics,
called “stimuli scaling” It is based on the statistical processing of the opinions or
judgements of a large enough group of “experts”, who will perform in the capacity of
judges.

And

3) Based on the statistical results, select the best, most reliable stimuli, that is, those
that produce less ambiguity, until obtaining an acceptable number of stimuli that can
constitute the items on a measurement scale or instrument that can be used to
evaluate the attribute in people. This final set of stimuli will make up the
Psychological Test.

Summing up, first the stimuli will be evaluated (step 2) to obtain an instrument or Test with
which to evaluate people (step 3). The scale values obtained, based on the responses of the
judges to each stimulus, are used as a model with which to compare the ratings given by the
persons who will be examined in the future.

THE STIMULI
The development of the EPRA scale was based on an initial bank of 100 traffic situations
standardized by means of photographs, one per situation, already used in a previous
intercultural comparative study (Sivack and Soler, 1986). These photographs constitute the
risk stimuli from the initial item bank. 

- 50 photographs (series 1) were taken in Spain, all of them from positions external to the
traffic situation shown (sidewalks, buildings, areas and hills near the highway,...). These are
situations in which the observer does not participate. (See figure 1).
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Figure 1: A situation-stimulus from the first series.

- The other 50 photographs (series 2) were taken in the USA, all of them from the interior of
a car in circulation, through the windshield. That is, the traffic situations shown in the photos
were taken as if they were seen by the driver of the vehicle while he was driving. In this
way, the observer of the photo contemplates the situation shown as if he were driving his
vehicle at a certain speed (provided with each photograph). To show the speed, an ad hoc
reproduction of a speedometer was made, but adding more points so that more precise
speeds could be indicated (See figure 2).

Figure 2: A stimulus situation from the second series.

                

In this way, there were two types of situations to be scaled in the “risk level” attribute: in
half of them the observer would be a neutral observer, removed from the risk situation and
not participating; and in the other half the observer would be a participant (driver).

Each of the photographs-situations was identified by a number, in order to allow its
association with the response.

You are driving at:
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THE JUDGES
For the development of the EPRA scale, a sample of 133 Driving School teachers was used
as “experts”. They were licensed and actively working, of both sexes (distribution
proportional to that of the job sector), and aged between 25 and 62 years, with an average
age of 39.

THE RESPONSES
The photographs-situations were presented one by one to the judges using a projector. At
the same time, an individual and confidential response was required of the subjects-judges
who participated in the scale development study. First, the series was presented in which the
observer is neutral (series 1), and then the series in which the observer participates as the
driver of the vehicle from which the situation shown is observed (series 2).

The task required of the subject (in this case, judge) is to evaluate each situation on a 7
point Likert type scale according to the risk that he thinks the situation has. The subject
must indicate a whole number from 1 to 7, where 1 represents the lowest level of risk and 7
the highest.

To aid in controlling the responses, each judge was provided with a notebook in which was
printed a discrete response scale (1—2—3—4—5—6—7) for each photograph, identified by
its corresponding number. The judge only had to circle the number on this response scale
that, in his opinion, represented the level of risk of the situation shown.

RESULTS

As mentioned above, the objective of this study, more than presenting the final Test (the
EPRA scale), is to present the procedure followed to obtain it. Those aspects of the
procedure that correspond to this objective will be presented as results in this section.

OBTAINING THE SCALE VALUES
Based on the methodology originally proposed by Thurstone, which in turn was based on the
property that random errors have of distributing themselves gaussianly, in this case the
judgments made about the same stimulus, any statistic of a central tendency will be the best
estimator of the “true” value of this stimulus in the attribute considered.

The logic is the following: when, due to the subjective character of a stimulus, it is
impossible to measure it (assign it a quantitative value), the only solution is to estimate (not
very reliably) its value based on the judgement of an expert. If we ask this judge to rate the
same stimulus many times (to increase the reliability) and in a large enough number...

a) The results would show a fluctuation whose amplitude would be determined by the
“clarity” with which this stimulus can be discriminated from another with which it shares
attribute (Law of Comparative Judgment): if the stimulus is easy to discriminate, the
responses will fluctuate within a small interval (and if it is compared with others, it will
mean that its position in the attribute will be quite removed from the other stimuli
considered). If, on the contrary, it is difficult to discriminate, the responses will fluctuate
within a large interval (and if it is compared with others, this will be an indicator that this
stimulus is found too close to the next stimulus as far as its value in the attribute is
concerned).
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b) Regarding these fluctuations in the responses of the individual (judge), given that they
represent random errors, it is to be expected mathematically that they will distribute
around a central value according to a statistical model (Gauss), which Thurstone called
“discriminant distribution (of the process) of the stimulus”. Based on the statistical
supposition that those responses that coincide or are found closer to the supposedly
“true” value of the stimulus will repeat more times (supposedly, because we can never
know for sure), the Mean of the response distribution given to each stimulus will be (in
terms of least squares) the best estimation of the value of each stimulus on the scale
that would represent the attribute (given that in the Gaussian distribution, the mean and
mode coincide).

In reality, for economy and reliability, the “many” ratings by only one judge are substituted
by only one individual rating made by “many” judges. The result is basically the same: a
response distribution for each stimulus to rate or quantify. But it offers, in addition, more
guarantees in the responses, as it reduces the possible sample biases in the selection of the
judges (by counting on more than one).

Also, based on experience, from here we suggest using a resistant statistic as a measure of
the central tendency, instead of the Mean, to avoid the effect of extreme or atypical scores
(outliers) that some “incompetent” judges could give. In the development of the EPRA scale,
the Median was used, conveniently redefined to adapt it to discrete response scales (or
Likert ordinals) and the possibility that the Median might not be only one value (Monterde-
Bort and Perea, 1991). 

Given that the Median value is the one that is proposed here as the scale value of the
stimulus, and given that obtaining it is much more difficult than one would think (proof of
the little importance that classic statistics has attributed to this index), a clarification about
its redefinition and calculation method would be in order. It is necessary to follow this
method if we choose to use this statistic.

The “classic” definition of Median (or 50 Percentile) is the value that divides the distribution
in two equal parts (50% under and 50% above this value). Described mathematically, the
Median (M) or 50th Percentile (P50) will be that value (v) that meets the following two
conditions: (a) that the probability of finding in the distribution a value that is inferior to it is
equal to 50/100 and (b) that the probability of finding in the distribution a value that is
superior to it is equal to (100-50)/100, that is 50/100 as well. Expressed formally:

       Median = 50th Percentile = value v so that

100
50)( =< vXP   and 

100
50100)( −=> vXP

However, with discrete quantitative and ordinal variables this definition might not be met,
and, therefore, the calculation procedures used would be invalidated. For example, let’s
imagine that our set of data or distribution was formed by these three values or numbers: 3,
5 and 7, and that they were discrete values. In this case, there would be no value or point
that would divide this distribution in two equal parts or the total probability in 50/100 and
50/100:

- If we took the number 5 as P50: P(X<5) and P(X>5) in both cases = 1/3 ≠ 0.5.

- Including the 5 (point v) in both parts: P(X<5) and P(X>5) = 2/3 and also ≠ 0.5.
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For this reason, in the context in which we are proposing the use of the Median, the
following reformulation is necessary: the Median (M) or 50th Percentile (P50) will be that
value (v) that meets the following two conditions: (a) that the probability of finding in the
distribution a value that is less than or equal to it is equal to or greater than 50/100 and (b)
that the probability of finding in the distribution a value that is equal to or greater than it is
equal to or greater than (100-50)/100, that is, also to 50/100. Expressed formally:

       Median = 50th Percentile  = value v so that

(a) 
100
50)( ≥≤ vXP   and  (b) 

100
50100)( −≥≥ vXP

The redefinition is valid for any other Percentile, simply substituting the value “50” (50th) in
the two fractions for the corresponding one.

In this way, the distribution will always have, at least, one point v that satisfies the P50th. The
double condition ((a) and (b)) could be satisfied for more than one value (even an interval),
which would be an added advantage of this reformulation, as it aids the later correction,
even valid with continuous quantitative variables. The following table (Figure 3) illustrates
this characteristic.

Figure 3: Median values corresponding to different distributions example.
Var. type Data example Computation-Verification Median result

Discrete
(odd N)

3,    5,    7
(1st)    (2nd)    (3rd)

P(X≤5) = 2/3 = 0'6 ≥ 0'5 & P(X≥5) = 2/3 = 0'6 ≥ 0'5 unique = 5

Discrete
(even N)

(I)

3,   5,   6,   7
(1st)  (2nd)  (3rd)  (4th)

P(X≤5) = 2/4 = 0'5 ≥ 0'5 & P(X≥5) = 3/4 = 0'75 ≥ 0'5
P(X≤6) = 3/4 = 0'75 ≥ 0'5 & P(X≥6) = 2/4 = 0'5 ≥ 0'5

Not-unique = 5 & 6
(interval 5_6,  CM=

5'5)
Discrete
(even N)

(II)

3,   5,    5,   7
(1st)  (2nd)  (3rd)  (4th)

P(X≤5) = 3/4 = 0'75 ≥ 0'5 & P(X≥5) = 3/4 = 0'75 ≥ 0'5 unique = 5
(as X(2) = X(3))

Continuous
(even N)

 1,   3,  10,  11
(1st)  (2nd)  (3rd)  (4th)

P(X≤3) = 2/4 = 0'5 ≥ 0'5 & P(X≥10) = 2/4 = 0'5 ≥ 0'5
Not-unique = all the

points in interval
[3'5;9'5]

Median property:  Σ ⏐X-Md⏐ = least All meet it

The procedure for calculating the Median must also be redefined, and the following steps will
be followed (Monterde-Bort and Perea, 1991):

1) Order the set of data in an ascendant form (from left to right, from least to greatest).

2) Calculate the order position that the Median will occupy in the ordered set of data or
distribution. This is obtained by applying the following calculation:

100
50*)1N( +  = p 

Where: N is the number of data (size of the sample) and p is the position sought
(note: in the fraction, ‘50’ would be the value corresponding to the Median, ‘25’ for Quartile

1, ‘75’ for Quartile 3, ‘10’ for the 10th Percentile,...).

3) Check  whether   p  (position) resulted in:

a) A whole value, in this case the Median will be the datum that occupies this position
(counting from the left), and it will be unique:   M  =  X(p).

b) A decimal value: in this case, we will add one more step...
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4) Check the definition with the two values, the one that occupies that position [part to
whole] and the following: X([p]) and  X([p]+1). If it is confirmed in both, then both X([p]) and
X([p]+1) are Medians (not-unique). In these cases, when a unique value for the quantile is
necessary, which it will not be in these cases, we will take the Class Mark or central point of
the interval (arithmetic mean between the two limits ),

CM = [ ]( ) [ ]( )

2
XX 1++ pp , as the representation of the interval-Median.

There are simple computer programs that already do these calculations (although
unfortunately they are not included in the most widely used statistical packets, which usually
make an estimation by approximation that is really pretty poor).

Finally, the set of responses given by the judges used in developing the EPRA scale offered a
distribution for each of the 100 stimuli in the initial bank, and the Medians calculated this
way always offered for each stimulus or situation one or two values coinciding with one of
the levels of the Likert response scale presented to the subjects (remember, discrete values
from 1 to 7). These Median-values were taken as the scale value in the attribute “perceived
risk”, for each of the 100 traffic situations shown. Thus, the stimuli were quantified....!

THE SELECTION OF THE DEFINITIVE ITEMS
Once the scale values had been found for each of the 100 stimuli situations that made up
the initial item bank, we entered into the next step. Its objective would be to select a
reduced number of items in order to constitute a measurement instrument or Test that could
be applied in a reasonable amount of time.

My two recommendations for this process are:

In the first place, and more importantly, select those stimuli, in our case traffic situations,
that have offered the least ambiguity. This is done by calculating any resistant index of
variability, like the amplitude between-fourths or the MEDA (Hoaglin, Mosteller and Tukey,
1983; Monterde-Bort and Perea, 1991), or by observing exploratory graphics, such as the
diagram from “box-and-whiskers” (Tukey, 1972; Monterde-Bort and Perea, 1991). The
purpose is to avoid the already mentioned effect of the possible existence of extreme scores,
by taking those items that have shown less variability (greatest degree of agreement
between judges). The amount of acceptable variability is relative and left to the criteria of
the researcher. We must not forget that the Test obtained in this way will have to undergo
goodness tests (Validity, Reliability) before it can be used to measure and evaluate people. It
is interesting to add here that the variability will inversely affect the Reliability of the final
Test. As we say in Spain, “It’s up to you…!” 

Secondly, try to make sure each of the levels of response offered is represented by one
stimulus: In our case, we wanted to select at least one stimulus with a scale value of 1,
another with 2,…., up to 7, which are the possible values on the response scale we are
using. This condition is less important than the previous one, as many times it is not possible
to meet. In our case, it was not, but it is a desirable characteristic that increases the
possibility of obtaining a good measurement instrument as intended (possibly affecting the
Validity of the Test).

In our case, the result was the selection of 30 stimuli situations or photographs, 15 from
each series, out of the 100 prepared and studied.
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THE CORRECTION SYSTEM
For a Test or psychological measurement instrument, it is also necessary to establish the
way to correct it. That is, how will the “ability” measured by the Test, or the performance
shown by the subject examined, be scored?

Based on the scale values obtained for each item, as a result of the study carried out, the
following criteria for correction were established for the resulting future Test.

1) Grant one point (as correct) for each coincidence with the scale value, taking into account
that in those cases in which the Median is not unique, the coincidence with any of the
Median-values will be valid. For example, if the Median (scale value) for the item X1 were 5,
it would be considered correct if the future subject examined answered 5 to this stimulus. If
the Median (scale value) for the item X2 were the interval 2_4, it would be considered correct
if the subject answered 2 or 3 or 4.

Note: although it was not the case for the EPRA scale, more than two levels can also be
established (correct, incorrect), granting two points for correct and one point if the response
is one of the values immediately next to, under or above (or up to the quartiles or fourths),
so that there would be three levels of correctness (completely correct, half correct and
incorrect). This system allows a greater variability in the scores, with the corresponding
statistical advantages (possibly improving the Validity and Reliability of the final Test).

2) Finally, add all the correct answers or points received, and this will be the subject’s score
on “ability to evaluate perceived risk”.

THE FINAL INSTRUMENT
The 30 photographs corresponding to the 15+15 situations finally selected were placed in a
notebook, using a book format, with one situation on each page, just as can be seen in the
figures below.

Figure 4: Some pages-items corresponding to the first series of situations of risk in driving
used on the EPRA scale (final version).
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Figure 5a: Some pages-items corresponding to the second series of situations of risk in
driving used on the EPRA scale (final version).

    

Figure 5b: Some more pages-items corresponding to the second series of situations of risk in
driving used on the EPRA scale (final version).

   

You are
       driving at:

You are
       driving at:

You are
       driving at:

You are
       driving at:



19th ICTCT workshop Proceedings

SESSION 5: ASSESSING TRAFFIC BEHAVIOUR 11

Figure 5c: Some more pages-items corresponding to the second series of situations of risk in
driving used on the EPRA scale (final version).

   

At the exam itself, the subject is presented with one of these notebooks together with a
sheet that includes the instructions and the Likert response scales (see figure 6)
corresponding to the 30 situations-photographs. The first sheet has the instructions and
scales corresponding to the first series (neutral observer), and the second sheet has those
corresponding to the second series (participating observer).

Figure 6: Example of one of the response sheet pages.

--- SPECIFIC INSTRUCTIONS FOR THE SERIES ---

Situation  #1 (round it):        (minimum risk) 1—2—3—4—5—6—7 (maximum risk)
Situation  #2 (round it):        (minimum risk) 1—2—3—4—5—6—7 (maximum risk) 
Situation  #3 (round it):        (minimum risk) 1—2—3—4—5—6—7 (maximum risk) 
                        :
Situation #30 (round it):       (minimum risk) 1—2—3—4—5—6—7 (maximum risk) 

The Test was named the Abbreviated Risk Perception Scale (In Spanish “EPRA”), and it
clearly passed all the goodness tests to which it was later submitted.

FINAL NOTE

The EPRA scale was developed following the procedure described here during the years
1987-1989, constituting part of my Doctoral Thesis (Monterde-Bort, 1989), and many of the
norms that today must be obligatorily followed did not exist then (for example, the use of
the seatbelt). The awareness campaigns about safety in driving had not been launched yet
either or their effect felt. Today they have produced consolidated changes in the attitudes
and behaviours of Spanish drivers (just as is happening right now with speeding). This gives
us sufficient reasons to suspect that the risk ratings made at the time, and the stimuli

You are
       driving at:

You are
       driving at:
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situations that gave rise to the EPRA scale, must be revised along with the scale values used
and the correction criteria followed. Even the situations themselves that were used may not
be relevant today for the same reasons.

This means the EPRA scale, which was satisfactorily validated with criterion groups (drivers
who violated the norms compared to “normal” drivers), does not offer sufficient guarantees
today. However, as stated at the beginning, the objective of this paper was to present not
only the scale, but also the procedure followed to obtain it, and with it a method for
quantifying the subjective, using this scale as an example.

Returning to this topic and publicly presenting this paper responds to the expectation and
demand for information that this type of solutions, which I have recently applied to similar
problems in other contexts, has produced.

For this reason, I think that the methodology described here will be received with interest by
many researchers. At the same time, in the Psychonomy Research Unit we are proposing the
development of a new updated version of the EPRA scale. Anyone interested can contact me
at hector.monterde@uv.es (subject: “epra”). Thank you for your attention.
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