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Abstract. A challenge in automotive engineering is to understand the subjective 
reactions of individuals to vehicle sounds; this is necessary in order to improve 
decision making during product design. We can use “structured evaluations” to 
achieve this, but we need to ensure that 1) we understand the reasons behind 
such evaluations i.e. the opinion forming process and 2) that such evaluations 
are analogous to appraisals of vehicles on the road. Hence for structured evalua-
tions to be effective, it is important that we understand the opinion forming 
process in real-life situations. Since there is a lack of knowledge on how people 
form perceptions about vehicles in reality, an appraisals framework is described 
in this paper. Moreover, this paper discusses a pilot study that investigated how 
experts assess vehicle sounds on-road, as well as planned future studies to ex-
amine how customers evaluate automotive sounds. 

1   Introduction 

Automotive products will always ultimately be used by people. Therefore, as well as 
understanding the objective functional attributes of such products, we also need to 
understand the subjective human perspective. Decision making throughout automo-
tive product development can be improved through the most effective and efficient 
use of the subjective reactions of drivers. In particular, the sounds of cars are one at-
tribute which are not easily quantified - the best sound isn’t necessarily the quietist. 
Hence subjective evaluations are particularly important for the development of auto-
motive sounds. 

In a structured evaluation customers appraise products, or elements of products 
(e.g. a vehicle's sound), in a controlled environment (for sound, in a listening room or 
using an interactive noise, vibration and harshness [NVH] simulator). Structured 
evaluations can be used before the actual car exists, saving costs during product de-
velopment. However, not only do we need to know what the results of these  
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evaluations are, we need to understand why individuals make the decisions they do 
i.e. their “opinion forming processes”. Moreover, the way in which individuals ap-
praise products in real life can differ to the way they appraise products in structured 
evaluations, due to the effect of context. It is therefore important for manufacturers 
that the results of product appraisals within structured evaluations match, or come as 
close as possible to, real-life. We therefore need to develop consistent methods for 
capturing opinion forming processes in different environments (e.g. on-road, in vehi-
cle simulators, and in listening rooms) and compare these opinion forming processes 
across the different levels of reality. From this we can gain an understanding of how 
real world representation can influence decision making during product development, 
which will lead to the development of guidelines for the representation of the real 
world in simulated environments. It is also important to note that evaluations are often 
carried out by experts (i.e. NVH engineers and decision makers), but such evaluations 
may be very different to those of customers. Hence it is important to be aware of such 
differences: structured evaluations may need to be organised differently for customers 
and experts. 

The overall aim of our research is to optimise structured evaluations by learning 
more about the appraisal of vehicles by experts and customers. This paper demon-
strates how we have started to address this aim. It describes an appraisals framework 
which was developed due to a gap in knowledge about subjective appraisals of vehi-
cles. The framework identifies key influences that may govern people’s opinion form-
ing processes. This paper also discusses a pilot study that was carried out to examine 
how expert assessors evaluate vehicle sounds on-road, as well as planned future stud-
ies that will investigate how customers appraise vehicles. 

2   Appraisals Framework 

When an individual subjectively evaluates a car, their opinion forming processes are 
not simply determined by the attributes of the car itself, but also by other influences, 
particularly relating to the individual themselves. Indeed, a person’s response to a car 
will be influenced by (1) their knowledge of the brand (2) their self-image and person-
ality (3) their emotional responses whilst driving and the extent he/she enjoys driving 
in general (4) their preferences, needs and demographics (5) their driving behaviour 
and experience (6) their expertise in appraisals i.e. customers versus experts. In addi-
tion to these influences, a person’s assessment of a car might change depending on 
when it takes place. Each of these influences will now be discussed in more detail. 

2.1   Knowledge of the Brand 

An individual’s pre-expectation of a car is likely to have an impact on how the car is 
perceived. In particular, the brand of the car could be crucial in shaping the opinion 
formed. Wänke, Herrmann, and Schaffner [1] have demonstrated the importance of 
brand name in determining brand perception. They found that individuals rated hotels 
according to their pre-existing knowledge of the hotel names; they were influenced by 
the semantic associations of the names. Although this study investigated the percep-
tion of hotels based on their names, it is useful in illustrating the cognitive biases that 
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can occur when appraising products. Ellermeier and Vase Legarth [2] have carried out 
a related experiment investigating automotive sound quality. Subjects had to judge 
automotive sound recordings; before hearing each sound subjects saw a picture of ei-
ther a high-performance or low-performance car. The results showed that the former 
had a positive bias on the evaluations; the latter had a negative bias on the evalua-
tions. Although this experiment did not exclusively assess brand image, it does  
demonstrate how individuals carry knowledge about certain types of cars, which in-
fluences their opinions of such cars. 

2.2   Self Image and Personality 

When evaluating a product, brand image/knowledge may interact with an individual’s 
own self image; an individual may believe that the brand is a reflection of their own 
image. Self-concept theory maintains that individuals act in ways that preserve and 
develop their self-concept; this can be achieved through the purchase and use of prod-
ucts. Gardner and Levy [3] and Levy [4] argue that consumers frequently purchase 
products for their symbolic value, and not for their physical attributes or functional 
benefits. Consumers hold symbolic meanings (or images) of themselves, as well as of 
products and the types of customers who buy and use these products. Essentially, an 
evaluation of a car might not just be determined by the brand image itself, but also by 
an individuals’ own self image, and the image they hold about the type of customer 
who buys the car. The image congruence hypothesis postulates that an evaluation of a 
product will be influenced by the degree of congruence between product image and 
self-image. 

It is possible that personality plays a role in shaping an individuals’ subjective 
evaluation of a vehicle. Indeed, the congruency hypothesis may be more appropriate 
for individuals with certain personality types. Graeff [5] found that self-monitoring 
moderated the image congruence hypothesis; enhanced self-monitoring is linked with 
a greater influence of image congruence on consumers’ evaluations of publicly con-
sumed brands. Self-monitoring is the extent to which an individual monitors and con-
trols his/her expressive behaviour and self-presentation to concur with social cues 
(Gould [6], Snyder [7]). 

A number of personality types have been linked to driving behaviour; ‘external’ 
locus of control (e.g. Montag and Comrey [8]) i.e. a disposition towards attributing 
causation or blame to outside factors, such as luck or chance; sensation seeking (e.g. 
Heino, Molen & Wilde [9]) i.e. the tendency to seek sensation and excitement; and 
Type A personality (e.g. Perry and Baldwin [10]) i.e. a strong sense of urgency, high 
competitiveness, impatience, and quick irritability. It is possible that such personality 
types may also be linked to subjective evaluations of cars. If personality influences 
driving behaviour, then it can be argued that it can also influence subjective appraisals 
of vehicles. Choo and Mokhtarian [11] found a link between personality and choice of 
car. They found that organisers (those who like to be in charge) are more likely to 
drive moderate cars, as opposed to smaller, larger or speciality cars. Moreover, calmer 
people are more likely to drive minivans. 
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2.3   Emotional Responses Whilst Driving and Driving Enjoyment 

It is possible that emotional reactions that occur during driving alter opinions formed 
about the car. A number of studies have attempted to measure driving pleasure (Ma-
tsuura, Araki and Chen [12]; Tischler, Peter, Wimmer and Voskamp [13]). Tischler et 
al found that both emotional speech and facial expression varied according to the type 
of car. However, they found that people did not express happiness when they drove 
alone and there was a lot of non-emotional movement of the face due to observing 
traffic which made facial recognition difficult. Such studies are useful in highlighting 
emotional responses that occur during driving, but there needs to be more studies that 
explicitly link such emotional responses with any opinions formed. It is possible, 
however, that emotional responses that occur during driving are not the cause of the 
evaluations but a product of them. Nevertheless, it is important to measure such re-
sponses when investigating subjective reactions because they can tell us what indi-
viduals really feel about a car, rather than what they believe they feel; they remove 
language as a barrier. 

The extent to which an individual enjoys driving in general may alter their percep-
tion of a car. A car enthusiast might evaluate a vehicle differently to somebody who 
does not enjoy driving. Moreover, being a car enthusiast could influence evaluations 
positively or negatively. For example, if somebody enjoys driving then they might put 
up with imperfections and evaluate the car more positively than someone who does 
not enjoy driving. Conversely, a car enthusiast might demand the very best from the 
car and will evaluate it more negatively than someone who does not enjoy driving. 
There might also be a difference between enthusiasts and non-enthusiasts when 
evaluating luxury and non-luxury cars; enthusiasts might evaluate sports cars more 
positively and less expensive cars more negatively than non-enthusiasts. These ideas 
are quite speculative but warrant of further investigation. The pilot study described 
within this paper attempts to develop a measure of driving enjoyment, although  
because the sample consisted of expert assessors of automotive sounds, most partici-
pants scored highly. This measure will be used when assessing how customers ap-
praise vehicle sounds.  

2.4   Preferences, Needs and Demographics 

The next influence refers to what an individual requires of a car (which can include 
both the car itself and how the individual will use the car), as well as to their demo-
graphic information (e.g. age, gender, income etc.). This is a very important (and 
could possibly be the most important) influence on subjective evaluations of vehicles. 
A person might see a sports car as congruent with their self-image, and might also be 
a car enthusiast, who prefers sports cars, but if the person does most of his/her driving 
over long distances then they might not evaluate such cars positively; sports cars are 
not necessarily practical for long journeys. Moreover, affordability may influence an 
individual’s evaluation of a car; if an individual can afford an expensive sports car 
then he/she might evaluate the car more positively than someone who cannot afford 
such a car. 

The importance of these factors has been highlighted in a study by Choo and Mok-
htarian [11]. This study showed a link between the amount of time people think they 
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spend travelling and their choice of car; individuals who state that they travel fre-
quently over short distances are more likely to drive sports cars; those who state that 
they travel frequently over long distances are less likely to drive sports cars. Choo et 
al state that this suggests that sports cars are more desirable for travelling around town 
but are not practical for long trips. Moreover demographic variables had a significant 
effect on an individual’s choice of vehicle. For example, age was negatively associ-
ated with driving small or sports cars, or SUVs. In addition to these findings, Choos et 
al found that personality, travel attitude, and lifestyle had a significant effect on car 
preference. For example, with regard to travel attitude, individuals who have a dislike 
for travel are more likely to drive luxury cars; with regard to lifestyle, workaholics are 
less likely to drive luxury and sports cars, and status seekers are more likely to drive 
luxury and sports cars. This latter finding could be linked to personality; status seek-
ers believe that their car is a status symbol. 

2.5   Driving Behaviour/Driving Experience 

The way an individual drives a car is likely to have an impact on how he/she evalu-
ates the car. For example, an aggressive driver might be more likely to enjoy driving a 
sports car compared to a more conservative driver. The literature tends to focus on 
driving behaviour in terms of risky driving. However, it might also be useful to inves-
tigate driving behaviour in relation to subjective appraisals of vehicles. In particular, 
driving aggressively, as opposed to calmly, will result in different sounds (and per-
formance levels) being evaluated. Moreover, driving experience could also play a role 
in the opinion forming process. 

2.6   Expertise in Appraisals 

The way a customer evaluates a car might be very different from the way an expert, 
such as a VET (Vehicle Evaluation Team) or a NVH (Noise, Vibration & Harshness) 
expert, evaluates a vehicle. Indeed some of the determinants outlined in this paper 
might not be as influential for experts. 

2.7   Time 

A person’s assessment of a car might change depending on when it takes place; an in-
dividual’s pre-expectation of a car could be very different to an appraisal given after 
or during driving, or after 90 days experience of the car. The duration of an assess-
ment can also be an influencing factor. 

3   The Pilot Study 

The framework outlined in section 2 was used as basis for conducting a pilot study, 
which aimed to gain insight into how expert evaluators appraise cars in reality, with a 
particular focus on the sounds of a car. The study did not only aim to measure the ac-
tual assessments of the car (i.e. the results of the evaluations), but how participants ar-
rived at such appraisals by measuring both influences from within the person and 
across time. Moreover, this study was a prelude to a wider customer study; the aim 
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was to understand the process of decision making among experts before examining 
how customers appraise vehicle sounds.  

Method. 13 experts (12 NVH engineers, and 1 member of the Vehicle Engineering 
Team [VET]), all employees of Jaguar Land Rover in the UK, took part in the study. 
Participants firstly completed a pre-drive questionnaire, which contained 3 sections. 
Section 1 contained questions relating to the participants’ demographics, driving ex-
perience, their current/next car and their driving enjoyment1. Section 2 contained 20 
questions taken from Zukerman’s [14] sensation seeking questionnaire, in which each 
item contains 2 choices, A and B; subjects choose which statement best describes 
their likes and feelings. One statement is always indicative of the likes and feelings of 
someone who is a sensation seeker and the other is not. For example, participants 
would have to choose between (a) a sensible person avoids activities that are danger-
ous and (b) I sometimes like to do things that are a little frightening. Driver behavior, 
driving enjoyment and car preference questions constructed by the authors were 
added to the personality questions in the same forced choice format. The reason for 
constructing new driving behaviour questions rather than using existing question-
naires (e.g. the driving behavior questionnaire, Reason Manstead, Stardling, Baxter 
and Campbell [15]) was that such questionnaires focus on risky driving. The driving 
behavior questions measured whether the subjects are aggressive or passive drivers; 
the driving enjoyment questions measured whether the subjects are car enthusiasts; 
the car preference questions asked subjects about the car requirements that they have. 
Finally, section 3 asked participants about their knowledge and pre-expectations of 
the car to be evaluated (a Jaguar sports convertible2 [Car A]).   

The pre-drive questionnaire was followed by a test drive to obtain evaluations 
whilst driving, emotional responses whilst driving and to obtain objective driving be-
haviour data. Participants were asked to carry out a similar test drive to those con-
ducted as part of their work routine. Drivers could choose their route, and the length 
of the drive varied between 30 minutes and 80 minutes. Participants were asked to 
evaluate the sound of the vehicle as they drove by vocally expressing their opinions. 
In particular, they were asked to verbalise their actions, motivations and impressions 
formed. To measure emotional responses whilst driving, video and voice recordings 
were taken, allowing facial expressions and tone of voice to be observed. To measure 
objective driving behaviour, and to obtain an electronic record of what the drivers 
were doing, CAN data was recorded from the car (rpm, speed, throttle, brake, gear 
[selected and actual], and steering angle). GPS data were collected throughout the 
evaluation to identify the location at any given time of the appraisal.  

Finally participants were given a post-drive questionnaire to evaluate Car A after 
driving. Moreover, participants were asked whether they were affected by the in-car 
recording kit, to determine whether they were very aware of the video camera whilst 
driving, and whether this influenced their behaviour. We also wanted to find out 
whether participants found the commentary distracting. 

                                                           
1 The Driving enjoyment question was taken from Lajunen and Summala [16]. However, in-

stead of getting participants to tick one of four options in response to the question, what does 
driving mean to you, participants had to rate each of the four statements in terms of how 
much they agree with them. 

2 Assessments were conducted with the roof closed. 
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Results and Discussion. The demographic data showed that the sample was fairly 
homogeneous i.e. males in their forties who live in the suburbs. Regarding driving 
experience, the average driving license duration ranged from 16 to 32 years; the an-
nual mileage from 6k to 20k; nearly all of the participants did their driving on country 
roads or the motorway. The sensation seeking results showed that there were few par-
ticipants that scored highly on their overall score. However, over half of the partici-
pants obtained high thrill and adventure seeking scores, for example, they liked to do 
frightening activities. The forced choice driving behavior questions showed that only 
27% of participants could be classified as aggressive drivers (i.e. gave aggressive re-
sponses on at least 4 questions out of 5). However, all participants said that they drove 
fast and sporty; very few participants said that they were inconsiderate drivers, that 
they got angry whilst driving, and that they speeded. Hence there could be some so-
cial desirability in responding. The forced choice driving enjoyment questions showed 
that 64% of participants could be classified as car enthusiasts (i.e. gave driving en-
joyment responses on at least 4 questions out of 5); participants were mixed when  
deciding whether they like to drive for pleasure or just to get from A to B, and when 
deciding whether they buy car magazines or not. When asked to rate various state-
ments in terms of how much they agreed with them, 73% of participants agreed with 
the statement ‘I enjoy driving’ and 55% agreed with the statement ‘to me driving is, 
after all, a way to move from one place to another’. These findings agree with the 
forced choice questions; although the participants enjoy driving, in their spare time 
they only drive to get from one place to another, perhaps because they drive cars as 
part of their jobs. All subjects said that the sound of the car would influence whether 
they would buy it; all but 1 said that they prefer luxurious cars to less expensive cars; 
64% said they prefer loud and throaty cars to quieter cars; 64% said it was important 
for them to buy an eco-friendly car; only 45% said that they prefer sporty cars to prac-
tical cars. All of the subjects were familiar with Car A, had driven the car before and 
were able to give an approximate value of the car. Moreover, prior to the test drive, 
most subjects judged Car A to be extremely powerful, fun, exciting, sporty and spir-
ited; there was little variation in their views. 

The questionnaire results mentioned so far can largely be explained by the nature 
of the subjects’ professions. In particular, most subjects were car enthusiasts, which is 
not surprising given their roles. Moreover, over half of these individuals enjoy doing 
exciting and frightening activities, which could be one reason why they enjoy driving, 
and hence is a reason for doing their job. Interestingly, in their spare time they see 
cars more functionally, rather than as a pleasurable activity. Perhaps only 45% prefer 
sporty cars to practical cars because these individuals drive sports cars as part of their 
job. This could be a common trend for expert assessors that evaluate cars on a day to 
day basis. The fact that sound is important to all subjects is quite predictable from 
their occupation – much more variability could be expected from customers. 

Whilst taking part in the test drive expert evaluators showed little variation in emo-
tional expression (facial and tonal). For example, participants did not display facial 
expressions that indicate emotions such as enjoyment, surprise, anger or disgust. 
Moreover, there was little change in tone of voice. All assessors choose to conduct 
their evaluation on a different route; however, similarities between each assessor ex-
isted. The following were deduced from the observations and analysis. Country lanes 
were used for full load accelerations (throttle fully applied) and overrun assessment 
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(coasting down after acceleration). Motorways (60 to 70 mph) were used for road and 
wind noise assessments. Power train sound quality (noise from engine, exhaust, in-
takes and gears) was also evaluated here by sequentially applying and releasing the 
throttle, whilst in top gear and at high speed. Urban areas were used to evaluate error 
states such as gear whine, rattle and squeaks. Broken surface were chosen for evaluat-
ing road impacts and cabin vibration. These results show the similarities that occur 
between experts when assessing cars, although this could be because all assessors 
were based within the same company. Different assessors did, however, approach the 
evaluation from different perspectives dependent on their role within the NVH team. 
The assessor from the VET focused on the customers’ perspective of the brand and 
the vehicle. This person frequently performed full load accelerations, whilst trying to 
appreciate how the customer would perceive the sound at these driving maneuvers. 
The NVH technical specialists focused on similar perspectives, but used insight of the 
constraints in the vehicle development programme to formulate their opinions. The 
NVH engineers would particularly focus on a specific aspect of the vehicle’s refine-
ment. They would dwell on the error states and comment more on sound and vibration 
levels as opposed to character of the sound. Finally there were assessors, who were 
not NVH experts but were part of the Sound Quality team. These people provided an 
overview of their impressions of the car. They did not focus on error states and / or 
the character of the sound. 

The post-drive questionnaire showed that expert evaluators were not affected by 
any of the in-car recording kit (i.e. the video and voice recordings). Moreover, the 
evaluations formed remained relative unchanged over time; subjects judged Car A to 
be extremely spirited, fun, exciting, sporty and powerful, as in the pre-drive question-
naire. There were, however, a few opinion changes; 25% of subjects judged Car A to 
be somewhat effortless instead of extremely effortless, 12.5% judged the car to be ex-
tremely aggressive as opposed to somewhat aggressive, 12.5% changed their answer 
from somewhat comfortable to not at all comfortable and 12.5% from extremely luxu-
rious to somewhat luxurious, and 25% changed their answer from extremely pleasant 
to somewhat pleasant. 

The pilot study has given some insight into how expert evaluators appraise vehicles 
in reality. In particular the pilot will provide benchmark data for future comparisons 
with real customers. Indeed although many of the measurements showed little varia-
tion this is not surprising given the expertise of the individuals who carried out the 
appraisals; greater variation is expected from customers. For example, participants’ 
pre-expectations of Car A, as well as their later evaluations, were similar across par-
ticipants. A wider variation in opinions would be expected from customers due to the 
factors mentioned in the appraisals framework. In addition to the similarities across 
participants, there was also consistency across time; there were little opinion changes 
between the pre- and post-drive questionnaire. Participants also showed little facial 
expression and alterations in tone of voice whilst driving. These results are still im-
portant as they serve as a benchmark for future studies. 

Although in this pilot study the small number of participants could not provide sta-
tistical effects and correlations between the different measurements (e.g., opinions 
formed about the car with personality, driving behavior, demographics and so on), 
this data is still valuable in showing the type of results that emerge. Moreover, the 
study provided understanding of suitable methods, a starting point for future studies. 
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In addition, it is important to point out that decision making throughout automotive 
product development usually involves experts only, and decisions are made without 
input from other individuals; customers are rarely used as they are expensive and 
evaluations are time consuming. By considering the problem from this perspective, 
the sample size should not make the observations or the outcomes any less valid. 
However, much larger sample sizes are necessary for future studies. Therefore, the 
next stage of research is to conduct a large scale questionnaire study; this will allow 
us to identify participants for future on-road studies. Questions may be added to de-
termine personality factors that influence the image congruence hypothesis as the  
pilot study simply focused on sensation seeking as a personality factor. The question-
naire may also contain questions relating to how important automotive sounds are to 
individuals; it may be possible to organize subjects into 2 groups based on whether 
sound is important to them or not. By carrying out a questionnaire study on a large 
sample of participants, it will be possible to validate the questionnaire. After complet-
ing the questionnaire study, participants will be selected for another on road study us-
ing real customers. 

4   Conclusions 

There are many factors which can influence the evaluation of automotive sounds. In-
fluences need to be captured in order to gain an understanding of the decision making 
process. By gaining insight into how people appraise vehicles in reality, we can use 
this information to optimise structured evaluations. Part of the process of optimising 
structured evaluations might involve organising them differently for customers and 
experts; if the decision making process is different for customers and experts, it is 
likely to be true within structured evaluations. By developing guidelines for represent-
ing the real world in simulated environments, we can improve decision making during 
product design. 
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