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Abstract—There is no standard way of measuring driver acceptance of new technology. A review of the
literature shows that there are almost as many methods of assessment of acceptance as there are acceptance
studies. The tool for studying acceptance of new technological equipment that is presented here has a major
advantage compared with many other studies in that esoteric knowledge of scaling techniques is not required.
The technique is simple and consists of nine 5-point rating-scale items. These items load on two scales, a scale
denoting the usefulness of the system, and a scale designating satisfaction. The technique has been applied in
six different studies in different test environments and analyses performed over these studies show that it is
a reliable instrument for the assessment of acceptance of new technology. The technique was sensitive to
differences in opinion to specific aspects of in-vehicle systems, as well as to differences in opinion between
driver groups. In a concluding section explicit recommendations for use of the scale are given. :© 1997 Elsevier
Science Ltd

INTRODUCTION

A variety of in-vehicle telematics systems is already available, while many new systems are being
designed. The range of these systems varies from those that provide the driver with information,
for example about congestion, to more complex systems that may even take over driver tasks in
hazardous situations (Hancock and Parasuraman, 1992). Whereas excellent system performance
may be sufficient for the technician, it is as important that the equipment is appealing for and
accepted by the driver. For tutoring and advisory systems the main issues determining the feasi-
bility are not of a technical nature, but concern the social context for introduction (Rothengatter
et al., 1991). A prerequisite for the introduction of new in-vehicle technology is acceptance by the
public. It is unproductive to invest effort in designing and building an intelligent co-driver if the
system is never switched on, or even disabled.

In-vehicle systems and acceptance

The different in-car systems can be positioned along a continuum from relatively simple systems
that provide the driver with information only, to relatively complex systems that take over parts of
the driving task, or force the driver to perform the demanded behaviour (see Fig. 1). An example
of a purely informative system is RDS (Radio Data System; Chevreuil et al., 1991), in which
messages with respect to congestion, road works and weather information are conveyed to the
driver. The driver is free to use the information or to neglect it. At the other end of the continuum
interventionist devices can be positioned, such as policing systems or an automatic braking system
that is triggered in case of very short headways. Most systems, however, will be positioned some-
where in between these extremes. Examples are feedback and support systems such as warning
systems, monitoring and co-operative driving systems. These systems give information that may
not necessarily be heeded by the driver, though the information conveyed is more compelling than
RDS messages. Systems that restrict the driver’s behaviour or policing systems that force a beha-
vioural change are likely to be less accepted than nonrestricting, informative systems that are
situated more towards the left-hand side of the continuum.

The difference between the two is not always clear, but in general user-acceptance is more
directed towards evaluation of the ergonomics of the system, while social acceptance is a more
indirect evaluation of (longer-term) consequences of the system. For example, Bonsall er al. (1991)
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Fig. 1. Above the line: a continuum of advanced transport telematics. Below the line: freedom of choice in behaviour.

used a questionnaire as well as individual and group interviews to measure user-acceptance. They
mainly focused on the information such a system provided. Rothengatter er al. (1991) on the other
hand, focused on social acceptance, and they measured indirect attitudes towards a system and
used an extensive questionnaire to accomplish this.

Even if a study is aimed at the determination of the level of user-acceptance, the focus differs.
Frequently the system as a whole is evaluated. Systems are also evaluated on their pleasantness
and usefulness (Kuiken and Groeger, 1993), the comfort and benefit (Becker e al., 1995) or the
ease or degree of use (Crosby et al., 1993). Highlighted aspects in the evaluation of the provided
information are the content or the format, the reliability, the relevance (Schofer er al., 1993), the
accuracy (Crosby et al., 1993; Schofer et al., 1993) or the effectiveness of the information (Michon
and McLoughlin, 1991). Acceptance sometimes includes the intention to purchase the system (e.g.
Becker et al., 1994, 1995) and assessment of the price people are willing to pay (Barham et al.,
1993; Becker er al., 1995).

In conclusion, there seem to be as many questionnaires and methods to measure acceptance as
there are system-evaluation studies. This is not a desirable situation. There is a strong need for a
simple, standard tool for the assessment of acceptance that can be used by the majority of
researchers and that allows a comparison of impact of new devices with other systems. In the
present paper a simple inexpensive technique is presented that has been applied in different studies
(reported in this paper), and can be applied by most people active in the field of advanced tele-
matics.

A simple scale

This paper reports on a simple scale for which acceptance of a system has been operationalized
as direct attitudes towards that system. Attitudes are here defined as predispositions to respond, or
tendencies in terms of ‘approach/avoidance’ or ‘favourablejunfavourable’. Osgood er al. (1957)
appoint attitudes to a basic bipolar continuum with a neutral or zero reference point, implying
that they have both direction and intensity. The type of evaluation, i.e. the terms on which a
concept is evaluated, depends on the concept that has to be judged. Few dimensions, each more
than one item that can form a scale, are to be preferred, because an important drawback of single-
item assessments of attitude is a potentially weak reliability (O’Keefe, 1990). A set of nine scales
that could be applied to telematics systems was selected from Osgood er al. (1957), who had
repeatedly shown that these scales were the most useful for further factor analyses in the assess-
ment of dimensions of opinion.

The present paper gives an overview of the technique itself. and experience with the scale in dif-
ferent studies. In addition, analyses over studies were performed to assess the technique’s sensitivity.

METHOD

Results from application of the technique in six studies are used as input for statistical analysis.
The studies are briefly summarized below. The questionnaire itself consists of nine items, and is
shown in Table 1. The instruction given to subjects was: ““Could you please indicate below what
your opinion was about the equipment that (...)

Individual item scores run from -2 to + 2. Item numbers 3, 6 and 8 are mirrored, compared to
the other items.

Studies
The studies in which the questionnaire was applied are listed in Table 2. Also indicated are the
different groups that were included in the individual experiments. In all studies the different
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Table 1. The nine items in the questionnaire

My judgements of the (...) system are... (please tick a box on every line)

1 useful _ _ _ _ _ useless
2 pleasant _ __ _ _ unpleasant
3 bad _ ' _ good
4 nice annoying
S effective __ superfluous
6 irritating _ likeable
7 assisting_ worthless
8 undesirable __ __ _ desirable
9 raising alertnessi_ _ _ _ _ sleep-inducing
Table 2. Studies in which the questionnaire was used
Experiment Reference System evaluated Specific Groups Environment N (before) N (after)
a. Tutor-1  De Waard er al. (1994) Tutoring and Young and elderly Simulator 37 29
enforcement system
b. Tutor-2  De Waard and Tutoring and Experimental and On-the-road 29 29
Brookhuis (1997) enforcement system  control
c. ICC-1 Rothengatter and Intelligent Cruise Experimental (3) and Simulator 80 80
Heino (1994) Control control
d. ICC-2 Hogema er al. (1994) Intelligent Cruise Experimental (2) and Simulator 54
Control control
e. CAS-1 Janssen er al. (1993) Collision Avoidance Experimental (2) Simulator - 52
System
f. CAS-2 Janssen et al. (1993) Collision Avoidance Experimental (2) On-the-road 39
System

Under specific groups between-subjects factors are indicated with the number of conditions in brackets. Under ‘N (before)’
the number of subjects that completed the before-trial questionnaire is indicated, while under ‘N (after)’ the number of
subjects that completed the system-evaluation questionnaire after the experimental trials is indicated.

systems were judged after subjects had been exposed to them. In the tutoring and ICC-1 studies
subjects were also asked to appreciate a hypothetical system explained to them before they had
any experience with it. The Tutor-1, ICC-1 and CAS-1 studies were performed in the high-fidelity
driving simulator of the Traffic Research Centre (TRC), while the ICC-2 study was realized in the
high-fidelity driving simulator of TNO Human Factors Research Institute. Two on-the-road stu-
dies were included, one by TNO Human Factors Research Institute (CAS-2) and one by the
Traffic Research Centre (Tutor-2). A short outline of the studies is provided below.

Tutoring and enforcement system ( Tutor-1 and Tutor-2). A system that monitored the drivers’
law-abiding behaviour has been tested in two environments; in a driving simulator (De Waard et
al., 1994) and in a real car (De Waard and Brookhuis, 1997). In both cases, detected traffic-law
violations such as speeding and not coming to a complete stop at a stop sign, led to warning
messages of the tutoring system. In the simulator study (Tutor-1) two groups of drivers were
included, relatively young drivers (between 30 and 45 yr of age) and elderly drivers (aged between
60 and 75). Drivers received feedback about detected violations both in the auditory (e.g. a voice
digitized message ““You drove through red”) and visual modality (the same messages projected as
text on the simulator screen). In the on-the-road study (Tutor-2) an experimental and a control
group of young drivers were included. The control group did not receive tutoring messages if
violations were detected, opposite to the experimental group who received auditory feedback when
they violated traffic-rules. Drivers did not receive any penalty in case of violations in either study.
The tutoring and enforcement systems can be situated in the right-hand section of the continuum
displayed in Fig. 1.

Intelligent cruise control -1 (ICC-1). An Intelligent Cruise Control (ICC) not only takes care
that a car maintains a pre-set speed, it also detects and responds to slower lead vehicles. In the
TRC driving simulator, the behavioural effects of three ICCs were tested in a within-subject design
(Rothengatter and Heino, 1994). Each subject performed two trials (i.c. the first trials served as
subject’s own control). For the second trial, the subjects were randomly assigned to one of four
experimental conditions. Subjects in the ICC condition received information about the distance to
a car in front by means of symbols, displayed on a screen mounted on the dashboard (‘warning
signal’). Subjects in the active gas pedal condition received a counter force on the gas pedal
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(Godthelp and Schumann, 1991), a force that depended upon the distance to a car-in-front
(‘haptic feedback’). In the AICC (Autonomous Intelligent Cruise Control) condition, speed and
distance to a car-in-front were controlled autonomously, subjects did not have to use the gas and
brake pedal at all. Finally, subjects in the control condition did not receive any information about
speed and distance to cars-in-front. Regarding the continuum in Fig. 1, the ICC can be assumed to
be situated in the centre, the AICC at the right end, and the active gas pedal somewhere in between
these two.

Intelligent cruise control -2 (ICC-2). Two different types of ICCs were tested in a between-
subjects design in the TNO driving simulator (Hogema et al., 1994). The two types of systems
made use of roadside information (i.e., made use of local speed limits in settling the car’s speed). A
control condition had no such information. One system only notified (‘warning signal’). The other
also intervened and adapted the vehicle’s speed (‘warning signal plus intervention on speed’).
Feedback to the driver was given by means of a flashing LED on the speedometer, indicating the
local limit. Additional notifying feedback was given visually, aurally or haptically (a short vibra-
tion on the gas pedal). For the present report, these sub-conditions were taken together because
these warning signals only differed in modality. The warning-signal-only system can be situated at
the centre of the continuum (Fig. 1), whereas the warning plus speed-intervention system should
be set to the right of the centre.

Collision avoidance system (CAS-1 and CAS-2). Two actions of a collision avoidance system
(CAS) were evaluated in this study (Janssen et al., 1993). The system actions that were tested were:
an auditory alarm and an accelerator pedal counter force (‘haptic feedback’). The sound feedback
was the emission of a tone at the moment headway distance was considered unsafe according to a
specific criterion. In the haptic feedback condition, the gas pedal counter force (0-100 N) was
activated linearly with increasing counter force as headway distance decreased. The system was
tested both in a driving simulator (CAS-1) and in a real vehicle (CAS-2). On the continuum
(Fig. 1), gas pedal feedback is probably more intervening for the driver than auditory feedback.

Simultaneous components analysis (SCA)

To summarize the nine original items from Table 1 in a smaller number of components, a
principal component analysis (PCA) was performed. By a rotation of these principal components,
new components can be found that account for the same amount of variance as the original prin-
cipal components. For example, the Kaiser’s varimax applied to the component weights aims at
finding either large or small component weights that define components more clearly in terms of
subsets of variables. In the multiple group method (see Nunnaly, 1978) this idea of mainly large
and small component weights is carried to the extreme in that all component weights are either 0, 1
or —1. As a result, the components are computed as sums of variables that belong to particular
subsets only. Because these ‘multiple group’ components cannot be seen as rotations of the prin-
cipal components, they usually do not explain the maximum possible amount of variance. How-
ever, if they account for a great part of the variance, the set of components can be interpreted in
terms of subscales.

In ordinary PCA, components are determined for sets of variables that have been observed in a
single sample. Here, however, the same items have been used in six samples (Table 2). Analysing
these observations by PCA’s for each of these samples separately will generally yield different
results (Kiers and Ten Berge, 1989; Kiers, 1990). In order to find components across samples that
have the same definition, components can be constructed that are based on the same set of weights
for the variables in all samples. In this so called ‘simultaneous component analysis’ (SCA; Millsap
and Meredith, 1988) component weights are found that define (identical) components which opti-
mally account for the variance in all samples simultaneously. The amount of variance accounted
for by the SCA components in each sample has to be computed to check whether these simulta-
neous components adequately summarize the information in all samples. As in PCA, transforma-
tions of the SCA components can be performed, including the multiple group method.

RESULTS

The before-measurement item-scores for the Tutor-1, Tutor-2 and ICC-1 expeniments (Table 2)
were analysed by simultaneous components analysis with the computer program SCA (Kiers,
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1990). A varimax rotation was performed in order to define components in terms of subsets of
variables. For these analyses the Tutor-1, Tutor-2 and 1CC-1 studies were selected because only in
these experiments item-scores were taken before individuals had any experience with the systems
under evaluation.

The explained percentages of variance as listed in Table 3 indicate that the separate PCA’s were
hardly any better than the simultaneous component analysis. This implies that in each data set, the
single set of weights defined components that were almost as good as the best possible (PCA
solutions).

Based on the (transformed) SCA weights, the simple weights in the last two columns of Table 3
were used to construct two subscales. The results show (Table 3) that the components (subscales)
based on these simple weights accounted for 70.2% of variance, which is only 0.3% less than the
SCA weights. If the simple weights are used, the first subscale (or ‘component’) contains
evaluations in terms of useful, good, effective, assisting and raising alertness, and could be inter-
preted as denoting the usefulness of a system. The second subscale contains evaluations in terms of
pleasant, nice, likeable and desirable, and could be interpreted as reflecting satisfaction associated
with a system. In Table 4 the reliability coefficients (Cronbach’s alpha) for the usefulness and
statisfaction subscales are given for each trial of each of the six experiments. As can be seen in
Table 4, the homogeneity values are high for all experimental trials. This means that scale relia-
bility is high, items loading on the same factor are in all experiments highly correlated with each
other.

Since a component (or subscale) is a new variable that is defined as the weighted sum of the
original variables, scores on each component can be computed for each subject separately. Here,
‘usefulness scores’ were computed as the average of the items 1, 3, 5, 7 and 9, whereas ‘satisfying
scores” were computed as the average of the items 2, 4, 6 and 8. In Table 5, the usefulness and
satisfying scores are given for each trial of each of the six experiments.

Analyses of variance were performed on the usefulness and satisfying scores to test whether
there were effects on these scales of the various in-vehicle systems. A difference was made with
respect to comparisons between subjects (Table 6) and comparisons within subjects (Table 7;
repeated measurement analyses of variance).

In the after-measurements of the Tutor-1 and ICC-1 experiments, statistically significant effects
of group (between-subjects) were found (Table 6). In the Tutor-1 experiment, the elderly, com-
pared to the younger drivers, evaluated the tutoring and enforcement system as more acceptable,
i.e. both more useful and more satisfying (see Table 5). In the ICC-1 experiment, all systems
(including the control condition) were evaluated positively in terms of usefulness, with the AICC
system receiving the lowest usefulness score. The haptic feedback condition has the lowest score on
evaluated satisfaction (see Table 5).

The statistical results of the studies that included a before- and after-measurement are shown in
Table 7. The ‘trial’ and ‘trial by group’ effects of the Tutor-1 and ICC-1 experiments were found to
be significant. In the group elderly (Tutor-1), experience with the tutoring and enforcement system
caused a statistically significant increase in both the usefulness score (z-value=2.75, df=8,
p=0.03) and the satisfying score (¢-value =1.96, df =8, p=0.09). For the younger drivers, how-
ever, experience with the system resulted in a significant decrease in the satisfying score (z-value
=2.55, df =18, p=0.02) whereas the usefulness score did not change significantly (¢-value = 1.00,
df=18, p=0.33).

Table 4. Reliability coefficients (Cronbach’s «) for the usefulness and satisfying
subscales for each trial of each of the six experiments

Before measurement After measurement
Study Usefulness Satisfying Usefulness Satisfying
Tutor-1 0.91 0.94 0.87 0.85
Tutor-2 0.76 0.90 0.81 0.90
ICC-1 0.85 0.83 0.80 0.85
ICC-2 0.73 0.88
CAS-1 0.82 0.81

CAS-2 0.85 0.84
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Table 5. Usefulness and satisfying scores for the different experimental and control conditions in the experiments listed in

Table 2

Before measurement After measurement

Study Specific groups Symbol Usefulness Satisfying Usefulness Satisfying
Tutor-1 Tutor (young) O 0.88 0.24 0.66 -0.38
Tutor (elderly) [ ] 0.56 -0.22 1.73 0.83
Tutor-2 Tutor (young) O 1.30 0.30 1.43 —0.06
Control v 1.34 0.27 1.19 0.31
1CC-1 Haptic feedback Y 1.11 0.25 0.89 -0.35
Warning signal O 1.21 0.31 1.00 0.45
AICC v 1.06 0.10 0.34 -0.18
Control v 0.85 0.10 0.92 0.30
ICC-2 Warning signal O 0.72 0.88
Signal + intervention ® 0.68 0.45
Control v 0.90 1.08
CAS-1 Haptic feedback & 0.57 —-0.14
Auditory feedback e} 0.83 -0.10
CAS-2 Haptic feedback L3 0.39 —-0.40
Auditory feedback o3 0.45 —-0.66

Symbols correspond with the symbols that are used in Fig. 2 and denote the type of in-vehicle system W: control (no
system); V: AICC; (] and M: tutoring and enforcement system; O: warning signal; @: warning signal plus intervention,
& haptic feedback; ¢: auditory feedback.

In the ICC-1 experiment, both the control condition and experience with the warning signal had
no significant effects on the usefulness scores (¢-value oniro1 = —0.46, df =19, p=0.65; t-valu€yarning
=1.27, df =19, p=0.22) and satisfying scores (t-value oniro1 = —1.21, df = 19, p=0.24; t-valueyarming
=_(.72, df =19, p=0.48). Experience with the haptic feedback resulted in a significant decrease in
the satisfying score (t-value =3.32, df =19, p=0.00) and no effect on the usefulness score (z-value
=1.56, df =19, p=0.14), whereas the AICC resulted in a decrease in the usefulness score (¢-value
=4.66, df =19, p=0.00) without an effect on the satisfying score (s-value=1.08, df =19, p=0.30).

Based on the usefulness scores and satisfying scores in Table 5, and the characteristics of the
different in-vehicle systems evaluated, the after-measurement scores were averaged across indivi-
dual experiments, which resulted in eight (pairs of) scores. These scores are displayed in Fig. 2in a
two-dimensional space.

All systems depicted in Fig. 2 are in the right-hand section or in the mid of the continuum as
displayed in Fig. 1. All systems are considered neutral to positive on the usefulness dimension.
Whether a system is satisfying, however, seems to depend upon the degree to which a person is
forced to act in a specific way. The more a system restrains free choice, the more unsatisfying the
system was evaluated. Tutoring and AICC systems are situated in the left-hand section, and to the
left of the control condition, in Fig. 2. The odd one out is the satisfying score on the tutoring

Table 6. Multivariate analyses of variance of average usefulness and satisfying scores: between-
subjects effects (all six experiments)

Between-subjects effects (after-measurements) F-value df p-value
a. Tutor-1
Group (young vs elderly) 8.98 2,25 0.00
usefulness 15.67 1,26 0.00
satisfying 12.39 1,26 0.00
b. Tutor-2
Group (experimental vs control) 231 2,26 0.12
c. ICC-1
Group (experimental [3] vs control) 395 6,152 0.00
usefulness 341 3,76 0.02
satisfying 4.37 3.76 0.01
d. ICC-2
Group (experimental {2] and control) 1.18 4,102 0.32
e. CAS-1
Group (auditory vs haptic feedback) 0.77 2.49 0.47
f. CAS-2

Group (auditory vs haptic feedback) 0.76 2,36 047
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Table 7. Multivariate analyses of variance of average usefulness and satisfying scores: Within-
subjects effects (Tutor-1, Tutor-2 and ICC-1)

Within-subjects effects (before vs after-measurements)  F-value df p-value
a. Tutor-1
Trial 2.62 2,25 0.09
usefulness 4.83 1,26 0.04
satisfying 0.74 1,26 0.40
Group x trial (young vs elderly) 6.11 2,25 0.01
usefulness 10.32 1,26 0.00
satisfying 10.88 1,26 0.00
b. Tutor-2
Trial 0.50 2,26 0.61
Group x trial (experimental vs control) 2.16 2,26 0.14
c. ICC-1
Trial 6.19 2,75 0.00
usefulness 12.31 1,76 0.00
satisfying 1.79 1,76 0.19
Group x trial (experimental [3] vs control) 4.12 6.152 0.00
usefulness 4.56 3,76 0.0t
satisfying 448 3,76 0.02

[

8 Tutor (elderly)

—— — - - - — - — - — - — - —— - —

5 Tutor ung
ung
= of tyoung Control
R T S S
=
2
= O Warning signal only
Auditory teedback X L . . .
M ® Warning signal plus intervention
Haptic feedback :
I
I
AICC ¥ :
|
)
|
0 1 | |
-2 -1 0 1 2
Satisfying

Fig. 2. After-measurement usefulness scores and satisfying scores averaged across individual experiments (see also Table 3).
Both dimensions have a range between —2 and +2 (while the usefulness is only displayed between 0 and +2). The
evaluation of the control group (no experience with ATT systems) is indicated with dashed lines.

system of elderly drivers. Elderly drivers however, sometimes miss information and were very
pleased with the system’s warnings that included information about local limits (see De Waard et
al., 1994). These drivers made use of the warnings as driver support, which is reflected in the high
usefulness score (Fig. 2). The usefulness score of the AICC is low, AICC takes over control, it was
not considered as supporting the driver. Relatively, the most satisfying are the warning signals,
which only provide information. If the signal is coupled with intervention on longitudinal control,
both the satisfying and usefulness scores decrease, though not very dramatically. Relatively, the
least satisfying are the auditory and haptic feedback systems that gave information to the driver in
a more compelling way than the warning signals did.

CONCLUSIONS

At present, the evaluation of acceptance of new technology is far from being standardized. The
evaluation of systems as found in the literature is diverse and directed to different aspects of the
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system. The procedure presented here is relatively simple, and has been used in different studies
including different test-environments. Here, acceptance is measured by direct attitudes towards a
system (Osgood et al., 1957) and provides the investigator with a system evaluation in two
dimensions. Practical aspects of the system are reflected in the usefulness score, while the
pleasantness is mirrored in the satisfying score.

The absolute values on these two scales give an impression of overall judgement (Fig. 2). How-
ever, besides looking at the absolute after-measurement scores, three experiments allowed for
comparison of before and after-measurement score (Tutor-1, Tutor-2 and ICC-1). In these com-
parisons, deviations from expectations are emphasized. So, for example in the Tutor-1 experiment,
the elderly changed their a priori evaluation of a tutoring and enforcement system, both in terms of
usefulness and satisfaction, as a result of the actual experience with such a system. As such, the so
called within-subject evaluations (before and after-measurement) provide additional information
about system acceptance to the between-subject evaluations (after-measurement only).

Positioning of the evaluated systems on the continuum from informative to interventionist as
presented in Fig. 1 matches the satisfying scores. As expected, more take-over or the monitoring of
behaviour on law-compliance is rated as less satisfying by the (young) driver. Haptic feedback is
also rated as less satisfying compared to a warning signal. Purely informative systems were not
included in the evaluation, all conditions of the six studies either provide the driver with feedback
about his or her behaviour, or go beyond that point and take over control (AICC). The systems
that were evaluated can therefore be positioned in the right-hand section of the continuum of
Fig. 1. It is likely that informative systems such as RDS will score high on satisfaction, though no
supporting evidence for this is gathered yet.

Since the nine items were translated from Dutch, reliability analyses are still required. Based on
the rather consistent results found in the six studies described, major differences are not expected,
also because the English expressions match the Dutch terminology* very closely. Advice on how
to use the scale is given below.

Guide for scale users

1. Describe the system to be evaluated in terms of ‘what is your judgement about a system that
would...’, and present the nine items (before-measurement).

2. Present the nine items again after experience with the system under evaluation with the
description: ‘what is your judgement about the system... you just finished driving with’.

3. Individual items should be coded from 2 to W2 from left to right, scores on items 3, 6, and
8 should be coded ranging from 8210 42 (the items are mirrored).

4. Perform reliability analyses on the before-measurement. Use item 1, 3, 5, 7, and 9 for the
usefulness scale, and item 2, 4, 6, and 8 for the satisfying scale.

5. If reliability (Cronbach’s a) is sufficiently high (above 0.65), compute per subject the end-
score for the two scales by averaging the scores on items 1, 3, 5, 7, and 9 for the usefulness
score, and averaging scores on items 2, 4, 6, and 8 for the satisfying score.

6. The usefulness scale can now be averaged over subjects to obtain an overall system practical
evaluation. The same can be done with the satisfying scores.

7. Compute difference-scores per subject by subtracting the before-measurement score from the
after-measurement score per scale. The difference scores show whether and in which direction
subjects’ opinion was altered as a result of experience with the system.

Steps 1 and 7 can be left out if evaluation of acceptance is limited to after-measurement. Step 4
is still required because the scale was translated from Dutch. In this case in Step 4 the after-mea-
surement scores should be used.
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*The Dutch items were: nuttig/zinloos; plezierig/onplezierig; slecht;goed; leuk vervelend: effectief/onnodig; irritant/
aangenaam; behulpzaam/waardeloos: ongewenst/gewenst; waakzaamheidverhogend/slaapverwekkend.
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