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Executive Summary 

Modern car radio-cassette combinations, especially at the high 

end of the product range, have so many different functions that 

it becomes difficult for developers and designers to make an 

adequate user interface. For example, it is hard to find the 

appropriate places and sizes of all control buttons on the front 

plate, that still has the same size as many decades ago. 

Furthermore, it can not at all be taken for granted anymore 

that the user knows the whole functionality, and how to make 

use of it, of such advanced equipment. 

This report describes the results of an exercise to objectively 

record all car-radio control acts, from three different drivers, 

during half a year of routine driving. The report shows that 

actually a 2-3 months period is sufficient to obtain stable 

usage data. 

The collected, quantitative and objective data enable designers 

and developers to make better front-plate layouts in terms of 

the needs of the user. For instance, all functions related to 

tuning and volume control turn out to be by far the most 

important; consequently, the controls for these functions have 

to be large and within easy reach. Many other functions are only 

used rarely; so their controls can be made smaller, possibly 

only operable while the car is stationary, or even be elimina

ted. 

The results of this test indeed demonstrate that users not 

always take advantage of the possibilities of their car radio, 

e.g., two of the three drivers whose use patterns were recorded 

never manually programmed their preset buttons, but only used 

the autostore function for programming them. 

The collected data also may be used for quality control 

purposes, i.e. they allow fairly precise and objective estimates 

of how often a particular button will be used during the life 

cycle of, in this case, a car radio - but the registration 

method can be easily used for all consumer electronics equip

ment. 
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Samenvatting 

Moderne autoradio-cassettespelers, met name de duurdere types, 

hebben zo veel verschillende functies dat het voor ontwikkelaars 
en ontwerpers moeilijk wordt om een toereikend user interface te 

maken. Het is, bijvoorbeeld, lastig om geschikte plaatsen en 

afmetingen voor alle bedieningsknoppen te vinden op de front

plaat van de radio - die nog steeds dezelfde maten heeft als 

vele tientallen jaren geleden. Voorts kan bepaald niet meer als 

vanzelfsprekend worden aangenomen dat de gebruiker de gehele 
functionaliteit van dergelijke apparaten kent, laat staan dat 

hij weet hoe die benut kan worden. 

Dit rapport beschrijft het resultaat van een experiment waarin 
alle autoradiobedieningshandelingen van drie chauffeurs 

gedurende een half jaar normale rijpraktijk op objectieve wijze 

werden vastgelegd. Het bleek dat in feite een periode van 2 à 3 

maanden al voldoende is om stabiele gebruiksgegevens te 

verkrijgen. 
De verzamelde kwantitatieve gegevens stellen ontwerpers en 

ontwikkelaars in staat tot betere indelingen van de frontplaat 
te komen, gezien vanuit de behoeften van de gebruiker. Het bleek 

bijvoorbeeld dat alle functies die verband houden met afstemmen 

en volumeregeling verreweg het meest belangrijk zijn: de knoppen 

voor deze functies moeten daarom voldoende groot en gemakkelijk 

bereikbaar zijn. Daarentegen worden vele andere functies slechts 
zelden gebruikt: hun knoppen kunnen dus kleiner worden gemaakt, 

eventueel alleen bedienbaar als de auto stilstaat, of zelfs 

worden geëlimineerd. 

De resultaten van dit experiment tonen inderdaad aan dat 
gebruikers de mogelijkheden van hun autoradio niet altijd ten 

volle benutten. Zo bleken twee van de drie onderzochte chauf
feurs de voorkeuzetoetsen nooit zelf, •met de hand', geprogram

meerd te hebben, maar daar de autostore-functie voor te 

gebruiken - ook in hun woonomgeving dus. 

De verkregen gegevens kunnen eveneens worden gebruikt voor 

kwaliteitscontroledoeleinden. De gegevens maken het nl. mogelijk 

redelijk nauwkeurig en objectief te schatten hoe vaak een 

bepaalde knop zal worden gebruikt tijdens de levensduur van - in 

dit geval - de autoradio. Maar de beschreven registratiemethode 
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kan ook eenvoudig worden gebruikt voor alle andere consumenten 
elektronica. 
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Rapport no. 691 

Usage of car-radio controls 

F.L. van Nes and J.P.M. van Itegem 

Introduction 

In the early days of CG7a, in the fall of 1986, I.L. McClelland 
and F.L. van Nes conceived the idea of objectively registering 
the way people used their car-radio controls, in various 
circumstances (see, for instance, "Proposal for human factors 
research with five test-car radio's", ref. FLvN/jo 87/60, 
22.06.1987). This idea led to assignment 62588, Product Division 
Audio, from H. de Wit. 

Finally, in a meeting organized on 20.10.1987 by H.M.W. Booij, 
ICE Devt. SK2, it was decided that S. Veenstra would design and 
build a 'remote computer', that would allow the registration of 
1000 cassette-receiver control acts by the driver of a car. That 
driver would have to come to the Institute for Perception 
Research/IPO at regular intervals to have the registration read 
out for further processing of the control-act data at IPO. The 
system is described in Report AR-5-1551: "IPO Remote computer 
for storing keys" by s. Veenstra, ICE, 14~03.1988. 

Five DC685s were modified as to their control software, and 
equipped with a remote computer. Via W.L.P. Willaert from the 
CARIN-project contacts were established with Instrumenta 
Eindhoven B.V., a company with experience in the field of 
tachographs, to build the instrumented DC685s in and out of cars 
from people that were willing to participate in this investiga
tion of their car-radio use during normal daily driving. 

This report deals with the results obtained from three cars 
with an instrumented DC685. The fourth DC685 was used in a 
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testbed at IPO for laboratory research (to be reported shortly); 
the fifth DC685 unfortunately was heavily damaged somehow in the 
process of being mounted in a car - it is uncertain whether it 
may be repaired. 

The names of the owners of the three cars were obtained from 
T.A.M. Winters, CE-CQD, from a list of people that had volun
teered to participate in a consumer test of a new type of car 
radio. 

The present report has a preliminary character: in the regis
tered events many interesting or puzzling data still are bidden 
and may be uncovered. However, this uncovering requires some 
effort; the authors therefore welcome questions from interested 
parties in CE-ICE or elsewhere, to guide further analytic werk; 
if required. 

Method 

User selection; interviews 

Ideally, cassette-receiver usage data ought to be obtained from 
every type of driver/car. In practice, the availability of only 
three instrumented sets; the time and costs involved in mounting 
the set in a car; the willingness of people to participate in 
this research at all, i.e. to have to come to IPO rather often, 
for the time being restricted us to collecting usage data from 
only three users, respectively user pairs: A, Band c. They had 
the following characteristics: 
User A: husband-wife couple reporting to drive 30,000 km/year; 
most driving done by the wife, according to husband. He has an 
academie engineering degree (Ir.); works with Philips in a 
marketing management function. Age: around 40 years; living in 
Eersel. 
Type of car: Citroën BX 19 TRD from 1988. 
User B: critical, innovation-oriented personality with an 
engineering degree (Ing.); reports to drive 30-35,000 km/year; 
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works with Philips in an industrial engineering function. Age: 

around 30 years; living in Best. 

Type of car: Volvo 360 GLT. 

User C: reports to drive more than 20,000 km/year. Age: around 

45 years; living in Volkel. 

Type of car: Renault 18. 

At the end of the test period, Users A, Band c were 

interviewed. 

Data reduction 

It was soon discovered that the available memory capacity: 1,000 

control acts, was far too low in combination with the original 

way of recording volume/sound control changes, where one step or 

click of the large rotary control on the DC685 generated one 

event for registration. This led toa flood of events if the 

volume control was rotated a few times clockwise or anti

clockwise as happens in practice, and usually over quite a few 

steps/clicks. The data generated by such rotations were, 

therefore, drastically reduced by registering just one 'increase 

event' ~or every rotation that started clockwise, no matter 

whether it ended in that direction or not (and when), and one 

'decrease event' for every rotation that started anti-clockwise, 

no matter how it ended (and when). 

Recorded data 

Table I is a print-out of a series of registrations from User A, 

in his second week of using the instrumented DC685. The 34th 

line of the left column-set means that: at 12.19.22 hrs on 

04.07.1988, while the engine wa;running stationary ('I=l') but 

the car was motionless ('D=0'), the key code h94 was generated 

by the microprocessor in the DC685, because the driver shortly 

pressed the 'Autostore' key, thereby activating an 'Autostore 

band' in order to listen to one of the, previously, automatical

ly selected and stored transmitters. Line 38 means that the 

volume was increased (key code h0l) and line 39 that, 26 seconds 

after this increase the driver decided to tune to Pl, the first 

selected, i.e. strongest, transmitter in this Autostore band. 
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Line 50 of the left column-set, i.e. the first line with the 
•comment': Loudness, shows that at 17.34.00 hrs, still on July 
4th, while the car was driving ('D'=l), key code hBC was 
generated because the driver pressed the Loudness-button on the 
radio, thereby switching the loudness-function either on or off: 
that cannot be discriminated with the present set-up. 
The rest of Table I can be interpreted similarly - inclusive of 
the •erroneous' or irrational control acts that show up 
merciless in these registrations. For instance, the 127th line, 
Table I, part 2, shows that on July 6th, at 19.27.44 the same 
action: pressing preselection key PJ, was performed as three 
seconds earlier - possibly because the driver wanted to select 
another transmitter, but either was not aware he was already 
tuned to PJ, or wrongly pressed P3 while wanting to press 
another preselection key. Similar repeated key-presses, of 
preselection key P4, are recorded in lines 40 and 41 of part 1 
of Table I. However, these occurred within one second and 
therefore are only counted for �~� key press in the subsequent 
analysis, because it could well be that they are due to an 
uncertainty of the user in depressing the key. In processing the 
raw data, such a 'filtering' of double occurrences is done for 
practically tl.l keys, even for 'Band', although in that case 
such fast repeated key presses might be intentional, due to the 
'circular' allocation of wavebands to presses of the 'Band'-key. 
See, however, the 'Results•-section for the number of Band-key 
presses with and without filtering. 
Also in part 2: key code h08, •comment' s+-, indicates a short 
pressing of one of the two keys for searching other transmit
ters: key code h09, 'Comment' s+-... , indicates long pressing of 
one of the two search-keys. Parts 3 and 4 of Table I show the 
rest of the registrations from User A during the 27th week of 
1988. 

Many of the registrations in Table I (and Table II) refer to 
cassette-player control acts. Unfortunately, most of these are 
not reliable. For instance, lines 171-187 from Table I, part 2 
all show the key code hl4 which was intended to mean 'casset
te:eject•. However, this code was found to be generated 
spontaneously, in any case not only while a cassette was 
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actually ejected from the player. Only the codes: •standby' (for 
switching from radio to cassette-player and the reverse), 
'Dolby', 'Metal' and 'MSS' in the registrations are really 
related with corresponding cassette-player key presses. 

Data processing 

Table II shows basically the same data as Table I, but after 
some of the processing as was indicated above, i.e.: 
a) lines 8, 41, 45, 49, 55, 85, 155, 160, 169, 230, 300, 302, 

321 from Table I were omitted in Table II. Of these 13 
cases, it concerns 9 times 'Band', once 'P4', once 'Info', 
once 'Autostore• and once 'Standby' - soit is uncertain 
whether indeed 'Band'-presses in the same second should be 
reduced to one, as was done in the present analysis, or 
not. 

b) lines 58+59, 60+61, 80+81, 82+83, 188+189, 204+205, 
06+207, 208+209 from Table I are combined in Table II. 
These are cases of "correct": 58+59, 80+81, 188+189, 
204+205, 208+209, or "incorrect": 60+61, 82+83, 206+207, 
use of the sound controls 'Balance' and 'Treble'. 
"Incorrect" here actually means useless: the 'Balance' 
function is switched on and, without really changing the 
balance, switched off seven, respectively one seconds 
later (60+61, respectively 206+207; see column •time' in 
Table II, part l); or the same happens with the 'Treble' 
function, which is switched on in line 82 of Table I, part 
l, and switched off six seconds later, without having 
changed the frequency characteristic in between. 

c) lines 131-133, 137+138, 142-144, 145-147, from Table I, 
part 2, referring to search tuning, are combin~d in Table 
II. Lines 131-133 refer to three subsequent, probably 
related search-key pressings: twice short, with an 
interval of six seconds, and once long, immediately after 
the second short pressing. 
Lines 137+138 again refer to probably related search 
actions, since one of the search tuning keys is pressed 
twice (or both are pressed once, this cannot be dis
criminated from the former) within a seven seconds-
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interval. Now, 'probably' is a debatable word here: we 
defined •related' as 'within 10 seconds'. The idea behind 
this, rather arbitrary, 10 seconds limit is that if 
somebody, in this case User A, listens for more than 10 
seconds toa particular transmitter he likes it; if not, 
he hunts for another one within those 10 seconds. 
Lines 142-144 refer to: a long search-key pressing, 
followed after six seconds by a short one. When a search 
tuning-key is pressed 'long', i.e. more than some tenths 
of a second, first key code h08 is generated, immediately 
followed by a series of h09 codes, one for each 300 msec
period. So, lines 145-147 refer to one 'long' search-key 
pressing - in fact not lasting longer than one second. 

d) Lines 198+199 as well as 200+201 from Table I, are 
combined in Table II and indicated with the code h2C-. The 
situation referred to is a, repeated, effort to switch 
from radio reception to cassette-playing - without, 
however, a cassette being inserted in the cassette slot. 
That this action can be inferred from the data although 
the key code hl4, C:Eject is involved, is due to the fact 
that this sequence of key codes in an experiment was found 
reliably to occur at such a sequence of events. 

Results 

Memory read-out interval 

It turned out that a two-week interval between successive memory 
read-outs was the maximum that could be safely allowed; in fact 
during the first two weeks of Users Band C even more than 1000 
control acts occurred. Users A, Band C therefore were kindly 
requested to report at IPO every two weeks - they can hardly be 
thanked enough for really having done so! Increasing the memory 
capacity consequently has a high priority on our list of 
suggestions for changes in the 'remote computer' - see the 
Appendix of this report. 
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Individual user data - one week-periods 

Fig. 1 shows the control acts by User A in the first four weeks 
he used the DC685: weeks 88 26-88 29. Where applicable, the 
control acts for every type of control are split-up in three 
fractions: 'drive', while the car is driving, 'ignition', while 
the car stands still with its engine running and •rest', while 
the car stands still with engine off. In week 88 27 there were 
no control acts in •rest'; in week 88 29 hardly any. As to the 
individual function names along the abscissae of the figures, 
many of them will speak for themselves. 'Info' refers to 
(de-)activating the INFO button, for tuning to traffic informa
tion transmitters. 'DK m/st' refers to (de-)activating the 
function that allows only traffic messages to be heard in the 
car. 'Pl'-'P5' refer to the preset buttons Pl-P5; 'Pl!'-'P5!' 
refer to programming these buttons manually. 'A tuning' refers 
to the automatic-search tuning function activated once; 
'A tuning*' refers to repeatedly activating this function. 'M 
tuning' refers to manually tuning step-by-step, by repeatedly 
depressing one of the search tuning buttons while in the manual 
tuning mode; 'MF tuning' refers to fast manual tuning by keeping 
this button depressed; 'M&MF tuning' refers toa 'mixture' of 
step-by-step and fast manual tuning, as will be generally 
applied by someone who wants to tune toa specific frequency. 
'Autostore' refers to activation of the set of automatically 
programmed transmitters (by a short press of the Autostcre
button); 'Autostore!' refers to actually having this automatic 
programming done (by pressing the Autostore-button fora number 
of seconds). 'Standby' refers to switching, either from radio 
to cassette playing, or the reverse. 'MSS' refers to the 
(cassette-)music sensor system-button. 

Fig. 2 shows, more or less, the control acts by User Bin his 
first four weeks of using the DC685: weeks 88 36-88 39. Due to 
the memory limitations mentioned before, no data from week 88 37 
were recorded, whereas from week 88 39 only the first five days 
are represented. The data are similar to those of User A, 
although User B seems to operate the controls more while 

driving, in contrast with User A who operates them more while 
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waiting for traffic lights, etc. - if this interpretation of the 
condition 'ignition' is correct. This remark does not apply to 
week 88 36 because then no distinction was yet made between the 
conditions 'drive' and 'ignition•. 

Fig. 3 shows the control acts by User C for his "first four 
weeks": 88 37-88 40. In this case the data from week 88 37 are 
incomplete due to some previous malfunctioning of both radio and 
memory unit: only the llll five days from week 88 37 are 
represented. He operates the radio controls more often than 
either User A or B, whereas he hardly ever uses the cassette
player. Unfortunately, in his case a wiring error was made and 
only discovered much later. This means that in the data from 
User C the conditions 'drive' and 'ignition' cannot be distin
guished in the first four weeks; they are plotted together under 
'ignition'. 

Figs. 2 and 3 show that neither User B nor User c manually 
programmed their preset buttons during the first four weeks -
nor did they ever do this during the later registration period. 

Individual user data - four-week periods 

In order to be able to monitor the evolution of DC685-use, the 
users' control-act registrations were sununed and plotted for 
four-week periods. 
Figs. 4-6 show those data from User A. They seem to indicate 
that after two or three four-week periods ~n approximately 
stable pattern of use exists. 
A number of figures may be calculated from the combination of 
frequencies of use and kilometers driven. For example, in his 
first four-week period User A drives 2100 km and operates all 
his preset buttons together 210 times; so on the average for 
every 10 kilometers driven one preset button-press. 

Figs. 7-8 show the available four-week usage data from User B -
he seems already in his second period to have established a 
rather stable pattern, with a comparatively large fraction of 
all control acts done while driving. 
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In his first four-week period, User B drives 1800 km and 
operates his preset buttons 380 times; i.e., on the average one 
present button-press for every 4.7 kilometers driven. 
Figs. 9-10 show the available four-week data from User c. In 
his case, only for the last few weeks of registered data these 
from 'drive' and 'ignition' can be distinguished: only then was 
the mentioned wiring error corrected. Again a stable use pattern 
has evolved after about two four-week periods. He uses only the 
radio, which may explain that his frequencies of using the 
preset buttons are comparatively high. This also applies to 
automatically (re-)programming the preset buttons, which he 
continually does more often than User A or B. Finally, User Cis 
the topscorer in terms of preset button-presses: in his second 
four-week period he drives 1100 km, meanwhile operating his 
preset buttons 750 times, i.e., not more than 1.5 kilometers are 
driven on the average between two successive preset button
presses. 

Individual user data - total period 

Figs. 11-13 show the registered control acts fora total period 
of 24 weeks from Users A, Band C; Fig. 14 shows all control 
acts for an even longer period, i.e. 36 weeks, for User A who 
participated longest in the test. 
The frequencies of use of the 'Band' control were recalculated 
for Users A, Band c, for the periods covered by Figs. 11-13, in 
such a way that the filtering of double occurrences mentioned in 
the 'Recorded data• and 'Data processing' sections of this 
report was removed, since such 'filtering' may well be unjusti
fied for the 'Band' control. This removal procedure lead to an 
extra 10% of 'Band' control actions for User A, an extra 5% for 
User Band no extra control actions for User c. 
In the b-parts of Figs. 11-14, more functions are taken together 
than in the a-parts, to easily survey the relative frequencies 
of using preset buttons, search tuning, volume and all other 
sound control functions combined. 
The c-parts of Figs. 11-14 present some analyses that were 
performed on the registered data. They show: 

a) for all users, the number of volume increase (+) control 
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acts is larger than that of volume decrease control acts. 
Probably, this is caused by the more gradual, step-wise way 
people increase volume in a car, compared with the abrupt 
volume decrease that they apply when switching, for 
instance, from a weak toa strong transmitter with its 
concurrent volume increase. 

b) the fraction of "most efficient sound-control acts", 
represented by the 3rd bar from the left in the figures, 
marked 'Sound Contr.+' i . e.: selecting one of the sound
control functions, then turning the rotary control to the 
desired level, then waiting for the automatic return after 
10 seconds to volume control - is not too high. The next 
bar, to the right of the described one, marked 'Sound 
Contr.+.' may be considered less efficient since it 
involves the driver's switching the function concerned off 
- but this may be taster than the 10 seconds taken by 
automatic switching to volume control, the default function 
of the rotary knob. The next two bars, marked 'Sound 
Contr.• and 'Sound Contr .• •, respectively, refer to 
control acts without any effect: switching toa particular 
sound control function without, however, then changing its 
level or even inspecting this (by turning the rotary knob a 
little): Sound Contr., or switching such a sound-control 
function on and then off without, again, having changed, or 
inspected the level concerned: Sound Contr ••• Of course, 
the latter action may reflect a control error that the user 
realizes and wants to correct subsequently. 

c) the bars marked with 'AF tuning' and 'AF tuning•• refer to 
a misconception of this control act which is not serieus, 
but may be called uncomfortable, and unnecessarily in 
conflict with the •no driving distraction'-philosophy that 
should govern all car-radio control acts, whenever 
possible. 
Namely: 'AF tuning' control acts consist of a 1-Qng 

depressing of one of the search-tuning buttons, which makes 
no sense in the automatic tuning-mode since they then 
respond exactly the same toa short press. Similarly, 'AF 
tuning*' control acts consist of a number of such 1-Qng 

depressings of a search-tuning button in sequence, which, 
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again, has the same effect as the same number of short 
presses would have had. The possible 'misconception' here 
consists of a confusion of controlling the frequency the 
radio is tuned to manually with controlling it automatical
ly. In the manual case this frequency is increased (or 
decreased) rapidly, i.e. continuously, by keeping the 
search tuning-key concerned depressed. 

d) the bar marked 'Init M tun' refers to initializing the 
manual tuning function, by depressing both search tuning
keys simultaneously, without, however, any subsequent 
manual tuning act. Later it was found that in reality these 
three users never made this presumed error! 

e) the bars marked 'Standby??', at the extreme right of the 
figures, refer to an •understandable' error by the users: 
they try to switch to cassette playing without a cassette 
in their set. 

Individual control acts per 100 km - total period 

The figures presented so far all show the driving-distance 
concerned at the upper right-hand corner. Since these distances 
differ considerably for Users A, Band C, an effort was made to 
increase the comparability of the data by •normalizing' them on 
a basis of 100 km driven. Figs. 15-17 present these normalized 
data for Users A, Band C, respectively. 

Distribution of control acts over rest-ignition-drive 

To give a better impression of the conditions under which 
people operate their car-radio controls: whether driving, 
standing still (with engine running) or being parked, pie charts 
may be made of all control acts taken together. Fig. 18 shows 
such pie charts: for the initial period of use and for the 
remaining time for User A and User B, and for the final period 
for User c. The figure suggests: (1) that people may have a 
different style of car-radio controlling, and (2) that initially 
people may tend to be more careful while operating their car 
radio than later on. 
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User interviews 

The two main reasons for interviewing Users A, Band C after the 
test period were: 
- to clarify surprising registration data, if possible; 

to obtain their subjective estimates of frequencies of using 
all radio and cassette-player functions. 

In addition, the users were encouraged to generate comments and 
judgements on the DC685 freely. 

'Surprising registration data•. Examples are: neither User B nor 
User C ever manually programined their preset buttons: in the 
interview it turned out that, indeed, they were not really aware 
of this possibility. Another remarkable point was the differen
ce between User A's operation of control: most frequently while 
the car stands still, and that of Users Band C: most frequently 
while driving; see Fig. 18. User A explained that this, at least 
partly, was due to the fact that in his car the radio had to be 
mounted rather low, so that he could neither read the display, 
nor reach the controls easily. 

Subjective estimates. These data from the users, as well as 
their actual behaviour data are shown in Table III, that is 
set up in the same way as table 6a) from the •second report on 
use pattern & appreciation investigation - Consumertest on 

Product Type no. 22DC685/02', by Th. Winters, dated 16.09.1988. 
The numbers appearing in the 'Subjective• columns of Table III 
were given by the users during the final interview. Previously, 
they had once filled in a form that was analogous to table 1 
from Van Nes and McClelland (IPO Report no. 645, 12.04.1988): 
the asterisks in Table III refer to discrepancies between these 
earlier, not too specific estimates and the specific estimates 
that were asked during the final interview. 
Table III shows that, apart from 'Volume', for almost all 
controls the objective frequency of use was higher than the 
subjective one - sometimes quite considerably so. Volume control 
is a special case because the applied data reduction in 
recording volume changes (see this report under 'Method') makes 
it uncertain what the correspondence is between these 'objective 
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data' and the subjective ones reported by the users. 

Function 

On/off 
Volume 
Balance 
Fader 
Treble 
Bass 
Loudness 
Search tuning 
Autostore 'band' 'on 
Autostore programming 

Pl-PS tuning 
Band 
Mode 
Info 
DK 
Cassette eject 
Fast forward 
Fast reverse 
Reverse 

ME/CH 

Dolby 

MSS 

User A 
Obj./Subj. 

12* 

16 30 

2 5 

0 0 

1 ½ 

2 0 

1 0 

2½ 0 

3 

0 ½ 

41 25 

19 12 

7 10* 

0 0 

0 0 

3 

2 

i 
1 

0 0 

1 0 

0 0 

User B 
Obj./Subj. 

50 

32 70 

2 2* 

1 2* 

1 0 

1 0 

1 0 

1 ½* 

4 

2 1 

80 70 

8 2* 

20 2* 

2 0 

0 0 

15 

15 

15 

30 

3 0 

3 0 

4 7 

User c 
Obj./Subj. 

6 

37 4* 

2 2 

1 ½* 

1 ½* 

1 ½ * 

1 O* 

7 ½ 

18 

4 5* 

136 8 

9 3* 

0 0 

0 0 

0 0 

0 

0 

0 

0 

0 0 

0 0 

0 0 

Table III. Objectively measured and subjectively estimated times 
the controls for the functions mentioned in the first 

column were used on average per week. A - means that 
the number concerned was not measured or asked for, 
respectively. Asterisks are explained in the text. 
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Unreliable reporting. The interview was also used to check on 
the way Users A, Band C had previously, on the form already 
mentioned, answered a question 'In what way do you tune most 
frequently?', to be answered in a table such as table 11) from 
Winters' report quoted above. The check warrants to be suspici
ous about how users deal with such a 'table-question': none of 
our three users had correctly interpreted it! 

Unknown features. Similarly to what has been reported before 
(Van Nes, 1988) the present final interview yielded more 
examples of features possessed by the DC685 that Users A, Band 
C were unaware of, on top of the manual preset function 
•unknown' to Users Band C. Namely: User A did not know what the 
Music Search System function was, though he had seen the button 
- the only coloured one - marked 'MSS' on the radio. Also, he 
was surprised to hear during the interview that it was possible 
to re-program a preselector button that had been programmed via 
autostore with an unwanted station. 
User B did not know that the search tuning system operates at 
three successive sensitivity levels: he complained that this 
system 'skips' quite a few stations in a certain wave range, 
whereas in reality it will return to those stations at the 
second or third pass. 
User C did not know the manual tuning function. 

Miscellaneous. 'Electronification' of previously mechanica! 
control functions is not always regarded as an advantage. For 
example, both Users Band C missed the tactile feedback obtained 
from feeling the •centre' position of rotary knobs for 'balance' 
control they were familiar with. Also, User B would have 
preferred, he said, the old-fashioned analogue rotary knob for 
manual tuning over the (automatic) search tuning system of the 
DC685, because you can~ the presence of radio transmitters 
at certain wavelengths even when swiftly turning such a knob. 
User C reported fairly to reprogram his preselector buttons 
with autostore while he was still driving in his home region, 
and also often to check the setting of all sound control 
functions, just in order to be sure that everything was still 

all right - apparently not really trusting the whole system. 
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Finally, User B complained about the incompatibility of the 

relative location of buttons and display indications for Dolby

and Metal/Chrome control: the Dolby button is placed above the 

ME/CR one, whereas on the display this order is reversed. 

Conclusions 

1. The functions related with tuning: Pl-P5 and Band are 

really used most in a cassette receiver - in correspondence 

with what users in general think they use most (Van Nes and 

McClelland, 1988). 

2. Next in freguency of use, at least when registering volume

control acts in the way it was done in our case, is volume 

control. Volume-control acts may be the most frequent if 

all separate user actions, e.g. when increasing or 

decreasing the volume in steps, were to be recorded and 

counted. 

3. That two of the three users monitored did not manually 

program their preset buttons at all, but used the 

'Autostore'-function to this end, seems to be of con

siderable interest - although, of course, no statistically 

valid conclusions can be drawn from a sample of three 

users. 

4. Many of the controls were used infreqtiently by Users A, B 

and c. For example, 'loudness': during 36 weeks or 10,500 

kilometers, User A used this function 35 times, or about 

once a week, on the average - or once for every 300 

kilometers driven. 

At the other end of the scale, Fig. 14a shows that User A's 

most frequently used single button, 'Band', is used about 

655 times during 36 weeks or 10,500 kilometers, i.e. 18 

times per week, or once for every 16 kilometers driven. If 

the control acts during 'rest' are subtracted, these 

figures become: 575 control acts; 16 times per week; once 

for every 18 kilometers driven. 
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s. Data such as depicted in Figs. lla-14a may be used to 
estimate, or maybe guesstimate, the total number of control 
acts performed during the useful life of a cassette
receiver with a particular button. For instance: suppose 
that User A would use his DC685 for 10 years in the same 
manner as in weeks 88 26-89 09, he would then operate his 
'Band' button about 9,500 times, all-in. 

6. Subjective reports of users on their frequency of using 
control buttons or knobs are unreliable: they underestimate 
these frequencies, sometimes considerably. 
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UserA week 88 27 (raw data) page: 1 

L2ä1i liLni Hl Kn Comment L2ä1i liLni J �~� Kn Comment 

1 4 08.05:58 1 0 h14 C: Ejec:t 51 4 17.34:03 11 hBC Loudness 
2 4 08.06:06 1 0 h14 C: Ejec:t 52 4 17.34:10 11 hBC Loudness 
3 4 08.08:14 11 h54 C: norm play: metal 53 4 17.34:17 1 0 hBC Loudness 
4 4 08.08:26 1 1 h50 C: 54 4 17.49:09 1 0 hOE info 
5 4 08.08:28 1 0 h14 C: Ejed 55 4 17.49:09 1 0 hOE info 

6 4 08.12:32 11 h12 P1 56 5 07.55:34 1 0 h34 C: play: Eject metal: norm 
7 4 08.12:35 11 h04 Band 57 5 08.17:24 1 0 hAC Balance 
8 4 08.12:35 11 h04 Band 58 5 08.17:45 11 hAC Balance 
9 4 08.12:36 11 h04 Band 59 5 08.17:48 11 h01 + 

10 4 08.12:40 11 h01 + 60 5 08.18:03 1 0 hAC Balance 

11 4 08.27:43 1 0 h04 Band 61 5 08.18:10 1 0 hAC Balance 
12 4 08.27:44 1 0 h04 Band 62 5 08.18:11 1 0 hFF . 
13 4 08.27:47 1 0 h52 PS 63 5 08.18:13 1 0 hAC Balance 
14 4 08.27:52 1 0 h04 Band 64 5 17.28:14 1 0 h34 C: play: Ejec:t : metal: norm 
15 4 08.27:53 1 0 h04 Band 65 5 17.28:20 1 0 h34 C: play: Ejed: metal: norm 

16 4 08.27:56 10 hD4 Band 66 6 08.01 :37 1 0 h14 C: Eject 
17 4 08.27:57 1 0 h04 Band 67 6 08.01 :46 , 0 h14 C: Ejed 
18 4 08.27:59 1 0 h12 P1 68 6 08.01:47 1 0 h04 Band 
19 4 08.28 :02 11 h04 Band 69 6 08.01:48 1 0 hD4 Band 
20 4 08.28:03 11 hD4 Band 70 6 08.01 :51 1 0 h04 Band 

21 4 08.29:00 1 1 h04 Band 71 6 08.01 :52 1 0 h04 Band 
22 4 08.29:01 1 1 h04 Band 72 6 08.01 :54 1 0 hD4 Band 
23 4 08.29:02 1 1 h52 PS 73 6 08.01 :55 1 0 hD4 Band 
24 4 08.29:09 1 0 h94 Store 74 6 08.02:01 1 0 h94 Store 
25 4 08 .29:13 1 0 hFF - 75 6 08.02:04 1 0 h52 PS 

26 4 12.05:50 1 0 h14 C: Ejed 76 6 08.02:11 10 h04 Band 
27 4 12.05:56 1 0 h14 C: Eject 77 6 08.02:12 1 0 h04 Band 
28 4 12.06 :54 11 h42 P4 78 6 08.02:16 1 0 hD4 Band 
29 4 12.06:56 1 1 h32 P3 79 6 08.02:18 1 0 h12 P1 
30 4 12.11:17 1 0 h14 C: Ejed 80 6 08.04:02 1 0 hAC Balance 

31 4 12.11 :41 1 0 h14 C: Ejed 81 6 08.04:04 10 hFF . 
32 4 12.12:01 00 hBA C: stby or dk : Ejec:t: enz. 82 6 08.04:06 1 0 h8C Treble 
33 4 12.19:12 10 h14 C: Ejed 83 6 08.04:12 11 h8C Treble 
34 4 12.19:22 1 0 h94 Store 84 6 08.20:36 10 h04 Band 
35 4 17.28:34 1 0 h14 C: Ejec:t 85 6 08.20:36 10 h04 Band 

36 4 17.28:40 1 0 h14 C: Eject 86 6 08.20:37 1 0 h52 PS 
37 4 17.28:50 1 0 h14 C: Ejec:t 87 6 08.20:40 1 0 h94 Store 
38 4 17 .28:52 1 0 h01 + 88 6 08.20:56 11 hBC Treble 
39 4 17.29:18 1 0 h12 P1 89 6 08.20:58 11 hFF . 
40 4 17.29:22 1 0 h42 P4 90 6 08.23:04 1 0 h14 C: Eject 

41 4 17.29:22 1 0 h42 P4 91 6 17.20:25 1 0 h14 C: Eject 
42 4 17.29:25 1 0 h04 Band 92 6 17.20:32 10 h14 C: Eject 
43 4 17.29:26 1 0 h12 P1 93 6 17.20:46 10 hFF . 
44 4 17.29:28 1 0 h04 Band 94 6 17.22:47 11 h12 P1 
45 4 17.29:28 1 0 hD4 Band 95 6 17.22:50 10 h04 Band 

46 4 17.29:29 1 0 h04 Band 96 6 17.22:52 10 hD4 Band 
47 4 17.29:30 1 0 hD4 Band 97 6 17.22:53 1 0 h04 Band 
48 4 17.29:31 1 0 hD4 Band 98 6 17.22:58 1 0 h01 + 
49 4 17.29:31 1 0 hD4 Band 99 6 19.23:56 1 0 h14 C: Eject 
50 4 17.34 :00 11 hBC Loudness 100 6 19.24:04 1 0 h14 C: Eject 

Table I, part l 
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User A week 88 27 (raw data) page: 2 

12ialimi U2 Kn Comment D.ili Iimi J 12 Kn Comment 

101 6 19.25:37 11 h22 P2 151 7 07.56:46 10 h34 C: play: E°jed: metal: norm 
102 6 19.25:46 11 h32 P3 152 7 07.56:48 10 h12 P1 
103 6 19.25:50 11 h42 P4 153 7 07.56:49 1 0 h04 Band 
104 6 19.25:54 1 0 h52 PS 154 7 07.56:50 10 h04 Band 
105 6 19.25:57 1 0 h04 Band 155 7 07.56:50 1 0 hD4 Band 

106 6 19.25:59 10 h42 P4 156 7 08.00:17 1 1 h04 Band 
107 6 19.26:00 10 h32 P3 157 7 08.00:18 11 h04 Band 
108 6 19.26:02 10 h22 P2 158 7 08.00:20 11 h52 PS 
109 6 19.26:06 10 h12 P1 159 7 08.00:23 11 h94 Store 
110 6 19.26·.07 10 hD4 BaMJ 160 7 08.00:23 11 h94 Store 

111 6 19.26:09 1 0 h12 P1 161 7 08.00:50 11 hFF -
112 6 19.26:10 1 0 h22 P2 162 7 08.02:44 11 h94 Store 
113 6 19.26:11 1 0 h32 P3 163 7 08.02:46 11 h01 + 
114 6 19.26:13 1 0 h42 P4 164 7 12.45:46 1 0 h14 C: Eject 
11 S 6 19.26:14 1 0 h52 PS 165 7 12.45:52 1 0 h14 C: Eject 

116 6 1926:17 1 0 h04 Band 166 7 12.46:40 1 0 h12 P1 
117 6 19.26:19 1 0 h12 P1 167 7 12.46:42 1 0 h04 Band 
118 6 19.26:20 1 0 h22 P2 168 7 12.46:43 1 0 hD4 Band 
119 6 19.2624 1 0 h32 P3 169 7 12.46:43 1 0 h04 Band 
120 6 19.26:26 1 0 h42' P4 170 7 12.46:52 1 0 h01 + 

121 6 19.26:31 1 0 h52 PS 171 7 12.51 :25 1 0 h14 C: Eject 
122 6 19.26:32 1 0 h32 P3 172 7 12.51 :31 1 0 h14 C: Eject 
123 6 19.26:34 1 0 h22 P2 173 7 13.23:44 1 0 h14 C: Eject 
124 6 19.26:36 1 0 hFF - 174 7 17.04:20 1 0 h14 C: Eject 
125 6 19.27:41 11 h32 P3 175 7 17.04:27 1 0 h14 C: Eject 

126 6 19.27:44 11 h32 P3 176 8 08.14:36 1 0 h14 C: Eject 
127 6 19.27:44 11 h42 P4 177 8 08.14:52 1 0 h14 C: Eject 
128 6 19.27:55 11 h52 PS 178 8 09.16:52 00 h14 C: Eject 
129 6 19.29:16 11 hD4 Band 179 8 11.30:30 1 0 h14 C: Eject 
130 6 19.29:31 11 hOB S+- 180 8 11.30:37 10 h14 C: Ejed 

131 6 19.29:55 11 h08 S+- 181 8 12.20:32 00 h14 C: Ejed 
132 6 19.30:01 11 h08 S+- 182 8 17.28:48 1 0 h14 C: Eject 
133 6 19.30:01 11 h09 S+- .. . 183 8 17.28:57 1 0 h14 C: Ejed 
134 6 19.30:09 11 h01 + 184 8 17.35:08 1 0 h14 C: Ejed 
135 6 19.30:16 11 hOB S+- 185 8 17.35:16 1 0 h14 C: Ejed 

136 6 19.30:28 11 hOB S+- 186 9 13.25:01 1 0 h14 C: Eject 
137 6 19.30:41 11 hOB S+- 187 9 13.25:08 1 0 h14 C: Eject 
138 6 19.30:48 11 h08 S+- 188 9 13.26:35 11 hBC Treble 
139 6 19.30:59 11 h08 S+- 189 9 13.26:35 11 hFF -
140 6 19.33:35 11 hOB S+- 190 9 13.28:19 1 0 hFF -
141 6 19.34:53 1 1 h08 S+- 191 9 13.33:32 1 0 h14 C: Eject 
142 6 19.35:24 11 h08 s .... 192 9 13.33:38 10 h14 C: Eject 
143 6 19.35:24 11 h09 S+- ... 193 9 13.43:48 1 0 h14 C: Ejed 
144 6 19.35:30 11 h08 S+- 194 9 14.01 :00 1 0 h14 C: Ejec:t 
145 6 19.35:41 11 h08 S+- 195 9 14.01 :06 1 0 h14 C: Eject 

146 6 19.35:41 11 h09 S+- ... 196 10 12.55:16 1 0 h14 C: Eject 
147 6 19.35:41 11 h09 S+- ... 197 10 12.55:25 1 0 h14 C: Eject 
148 6 19.35:54 11 h04 Band 198 10 13.04:03 11 h2C Standby 
149 6 19.35:57 11 hOB S+· 199 10 13.04:03 11 h14 C: Eject 
150 6 19.42:37 1 0 h08 S+- 200 10 13.04:05 11 h2C Standby 

Table I, part 2 
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UserA week 88 27 (raw data) page: 3 

Dä1i I.imi JQ Ku Comment I2ilil.imi J Q Ku Comment 

201 10 13.04:05 11 h14 C: Ejec:t 251 10 20.53:21 11 h55 C: rev play: metal 
202 10 13.04:22 11 h54 C: norm play: metal 252 10 20.53:29 11 hFF -
203 10 13.04:37 11 h01 + 253 10 21.01 :48 11 hSD C: 
204 10 13.04 :59 1 1 h8C Treble 254 10 21 .01 :50 11 hSF C: play: inserted: enz. 
205 10 13.05:01 11 hFF - 255 10 21.01 :55 11 h54 C: norm play: metal 

206 10 13.16:58 11 hAC BaJance 256 10 21 .01 :59 11 h50 C: 
207 10 13.16:59 11 hAC Balance 257 10 21.01:59 11 h14 C: Ejec:t 
208 10 13.17:00 10 hAC Balance 258 10 21.02:42 11 h54 C: norm play: metal 
209 10 13.17:02 1 0 hFF - 259 10 21 .03:25 11 h5C C: tas1 forward or reverse 
210 10 13.17:13 1 0 hAC Balance 260 10 21.03:27 11 h55 C: rev play: metal 

211 10 13.40:21 11 h01 + 261 10 21.03:30 11 h50 C: 
212 10 13.47:31 11 h5C C: tas1 forward or reverse 262 10 21 .03:32 11 h54 C: norm play: metal 
213 10 13.47:34 11 hSE C: play: inserted: enz. 263 10 21 .03:36 11 hSC C: tas1 forward or reverse 
214 10 13.47:39 11 hSF C: play: inserted: enz. 264 10 21.03:38 11 hFF -
215 10 13.47:39 11 h14 C: Ejec:t 265 10 21 .03:38 11 hSE C: play: inserted: enz. 

216 10 13.47:41 11 h54 C: nonn piay: metal 266 10 21.04:20 11 hBC Loudness 
217 10 13.47:49 1 1 h5D C: 267 10 21.04:25 11 h94 Store 
218 10 13.47:50 1 1 h55 C: rev play: metal 268 10 21.04:28 11 h12 P1 
219 10 13.48:03 1 1 hSD C: 269 10 21 .04:29 11 h32 P3 
220 10 13.48:06 1 1 hSF C: play: inserted: enz. 270 10 21 .04:30 11 h42 P4 

221 10 13.48:19 1 1 hSF C: play: inserted: enz. 271 10 21 .04:32 11 h52 PS 
222 10 13.48:20 11 h54 C: norm play: metal 272 10 21 .04:35 11 h94 Store 
223 10 13.48:37 11 h5D C: 273 10 21 .04 :37 11 h04 Band 
224 10 13.48:38 11 h55 C: rev play: metal 274 10 21 .04 :41 11 h04 Band 
225 10 14.21 :45 1 0 h5D C: 275 10 21.04:42 11 h5F C: play: inserted: enz. 

226 10 14.21 :46 1 0 h14 C: Ejec:t 276 10 21 .04:44 11 h55 C: rev play: metal 
227 10 20.51 :01 1 0 h14 C: Ejed 277 10 21 .04:44 11 h50 C: 
228 10 20.51 :09 1 0 h14 C: Ejed 278 10 21.04 :45 11 h54 C: norm play: metal 
229 10 20.51 :11 1 0 h04 Band 279 10 21 .04:46 1 1 h12 P1 
230 10 20.51 :11 1 0 hD4 Band 280 10 21.04:58 11 h94 Store 

231 10 20.51 :14 1 0 h04 Band 281 10 21.05:12 11 h01 + 
232 10 20.51:15 1 0 h04 Band 282 10 21 .05:18 11 hBC Loudness 
233 10 20.51 :16 1 0 h04 Band 283 10 21 .05:20 11 h01 + 
234 10 20.51 :17 1 0 h04 Band 284 10 21.05:37 11 h3C Dolby 
235 10 20.51 :20 1 0 hBE C: stby or dk: Eject: enz . 285 10 21.05:43 11 h3C Dolby 

236 10 20.52 :08 11 h94 Store 286 10 21.05:45 11 h3C Dolby 
237 10 20.52:13 11 h94 Store 287 10 21.05:46 11 h3C Dolby 
238 10 20.52:16 11 h94 Store 288 10 21 .05:57 11 h01 + 
239 10 20.52:17 11 h52 PS 289 10 21 .50:27 11 h2C Standby 
240 10 20.52:23 11 h42 P4 290 10 21.50:27 11 h05 C: stby or dk: enz. 

241 10 20.52:25 11 h32 P3 291 10 21.50:31 11 hFF -
242 10 20.52:26 11 h22 P2 292 10 21.51:44 11 h94 Store 
243 10 20.52 :30 1 1 h94 Store 293 10 21.52:06 11 h94 Store 
244 10 20.52:35 11 hBC Loudness 294 10 21 .52:09 11 h22 P2 
245 10 20.52:54 11 h54 C: norm play: metal 295 10 21 .52:11 11 h32 P3 

246 10 20.53:07 11 hSD C: 296 10 21 .52:13 11 h42 P4 
247 10 20.53:08 11 hSS C: rev play: metal 297 10 21.52:15 11 h52 PS 
248 10 20.53:16 1 1 hSD C: 298 10 21 .52:22 11 h12 P1 
249 10 20 .53:17 11 h54 C: norm play: metal 299 10 21 .52:48 11 h04 Band 
250 10 20.53 :20 11 h5D C: 300 10 21 .52 :48 11 h04 Band 

Table I, part 3 
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UserA week 88 27 (raw data) page: 4 

l211ilimA H2 1w Qororo,01 12A11Iilll J Q 1w Çomment 

301 10 21.53:02 11 h04 Band 
302 10 21.53:02 11 h04 Band 
303 10 21.53:08 11 h04 Band 
304 10 21.53:09 11 h04 Band 
305 10 21.53:10 11 h04 Band 

306 10 21.53:11 11 h04 Band 
307 10 21.53:13 11 h94 Store 
308 10 21.54:07 11 h2C Standby 
309 10 21.54:09 f 1 h54 C: norm play: metal 
310 10 21.54:11 , , hSC C: tast lorward or reverse 

311 10 21.54:14 1 0 hSE C: play: iiserted: enz. 
312 10 21.54:16 1 0 hSF C: play: inserted: enz. 
313 10 21.54:17 11 h55 C: rev play: metal 
314 10 21.54:30 11 h01 + 
315 10 21 .55:00 11 hBC Loudness 

316 10 21.55:18 1 , hFF -
317 10 21.56:22 11 h2C Standby 
318 10 21.56:22 11 h05 C: stby or dk: enz. 
319 10 21.56:28 11 h52 PS 
320 10 21.57:17 1 1 h2C Standby 

321 10 21 .57:17 11 h2C Standby 
322 10 21.57:20 11 h55 C: rev play: metal 
323 10 22.12:20 11 hSD C: 
324 10 22.12:23 11 hSS C: rev play: metal 
325 10 22.15:12 1 0 hFF -
326 10 22.22:05 1 0 h54 C: norm play: metal 

Table I, part 4 
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UserA week8827 (optimized data) page: 1 

Function Function 
llaallma iun. Jl2 1w Commeot laaliIIlJl �~� H21w Comment 

1 4 08.05:58 0 1 0 h14 C: Ejec:t 51 4 17.34:03 0 11 hBC Loudness 
2 4 08.06:06 0 10 h14 C: Ejec:t 52 4 17.34:10 0 11 hBC Loudness 
3 4 08.08:14 0 11 h54 C: norm play: metal 53 4 17.34:17 0 10 hBC LOudness 
4 4 08.08:26 0 11 h5D C: 54 4 17.49:09 0 1 0 hOE info 
5 4 08.08:28 0 1 0 h14 C: Ejed 

6 4 08.12:32 0 11 h12 P1 56 5 07.55:34 0 1 0 h34 C: play: Eject: metal: norm 
7 4 08.12:35 0 11 hD4 Band 57 5 08.17:24 0 1 0 hAC Balance 

58 5 08.17:45 3 11 hAC.+ Balance 
9 4 08.12:36 0 11 hD4 Band 

10 4 08.12:40 0 11 h01 + 60 5 08.18:03 7 10 hAC" Balance 

11 4 08.27:43 0 10 hD4 Band 
12 4 08.27:44 0 1 0 hD4 Band 62 5 08.18:11 0 1 0 hFF 
13 4 08.27:47 0 1 0 h52 PS 63 5 08.18:13 0 10 hAC Balance 
14 4 08.27:52 0 1 0 hD4 Band 64 5 17.28:14 0 1 0 h34 C: play: Eject : metal: norm 
15 4 08.27:53 0 1 0 hD4 Band 65 5 17.28:20 0 1 0 h34 C: play: Eject : metal· norm 

16 4 08.27:56 0 ,o h04 Band 66 6 08.01 :37 0 1 0 h14 C: Ejed 
17 4 08.27:57 0 1 0 hD4 Band 67 6 08.01 :46 0 1 0 h14 C: Ejed 
18 4 08.27:59 0 1 0 h12 P1 68 6 08.01 :47 0 1 0 hD4 Band 
19 4 08.28:02 0 11 h04 Band 69 6 08.01 :48 0 1 0 h04 Band 
20 4 08.28:03 0 11 h04 Band 70 6 08.01 :51 0 1 0 h04 Band 

21 4 08.29:00 0 11 hD4 Band 71 6 08.01 :52 0 1 0 h04 Band 
22 4 08.29:01 0 11 hD4 Band 72 6 08.01 :54 0 10 hD4 Band 
23 4 08.29:02 0 11 h52 PS 73 6 08.01 :55 0 1 0 h04 Band 
24 4 08.29:09 0 1 0 h94 Store 74 6 08.02:01 0 1 0 h94 Store 
25 4 08.29:13 0 1 0 hFF 75 6 08.02:04 0 1 0 h52 PS 

26 4 12.05:50 0 1 0 h14 C: Ejed 76 6 08.02:11 0 1 0 h04 Band 
27 4 12.05:56 0 10 h14 C: Ejed 77 6 08.02:12 0 1 0 hD4 Band 
28 4 12.06:54 0 11 h42 P4 78 6 08.02:16 0 1 0 h04 Band 
29 4 12.06:56 0 11 h32 P3 79 6 08.02:18 0 1 0 h12 P1 
30 4 12.11:17 0 1 0 h14 C: Ejed 80 6 08.04:02 2 1 0 hAC.+ Balance 

31 4 12.11:41 0 1 0 h14 C: Ejec:t 
32 4 12.12:01 0 00 hBA C: stby or dk: Ejed enz. 82 6 08.04:06 6 1 0 h8C" Treble 
33 4 12.19:12 0 1 0 h14 C: Ejec:t 
34 4 12.19:22 0 1 0 h94 Store 84 6 08.20:36 0 1 0 h04 Band 
35 4 17.28:34 0 1 0 h14 C: Ejec:t 

36 4 17.28:40 0 1 0 h14 C: Ejed 86 6 08.20:37 0 1 0 h52 PS 
37 4 17.28:50 0 10 h14 C: Ejed 87 6 08.20:40 . 0 1 0 h94 Store 
38 4 17.28:52 0 1 0 h01 + 88 6 08.20:56 2 11 h8C.+ Treble 
39 4 17.29:18 0 1 0 h12 P1 9~ 6 08.23:04 0 1 0 h14 C: Ejec:t 
40 4 17.29:22 0 1 0 h42 P4 

91 6 17.20:25 0 1 0 h14 C: Eject 
42 4 17.29:25 0 1 0 h04 Band 92 6 17.20:32 0 1 0 h14 C: Eject 
43 4 17.29:26 0 1 0 h12 P1 93 6 17.20:46 0 1 0 hFF 
44 4 17.29:28 0 10 h04 Band 94 6 17.22:47 0 11 h12 P1 

95 6 17.22:50 0 1 0 h04 Band 

46 4 17.29:29 0 1 0 h04 Band 96 6 17.22:52 0 1 0 h04 Band 
47 4 17.29:30 0 10 h04 Band 97 6 17.22:53 0 1 0 h04 Band 
48 4 17.29:31 0 1 0 h04 Band 98 6 17.22:58 0 1 0 h01 + 

99 6 19.23:56 0 1 0 h14 C: Ejec:t 
50 4 17.34:00 0 11 hBC Loudness 100 6 19.24:04 0 1 0 h14 C: Eject 

Table II, part l 
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Function Function 
Dm Iiml m H2 !w Qommant 1211111m 1ima J12 1w Qommant 

101 6 19.25:37 0 11 h22 P2 151 7 07.56:46 0 1 0 h34 C: play: Eject: metal: norm 
102 6 19.25:46 0 11 h32 P3 152 7 07.56:48 0 1 0 h12 P1 
103 6 19.25:50 0 11 h42 P4 153 7 07.56:49 0 10 h04 Band 
104 6 19.25:54 0 1 0 h52 PS 154 7 07.56:50 0 1 0 h04 Band 
105 6 19.25:57 0 10 h04 Band 

106 6 19.25:59 0 1 0 h42 P4 156 7 08.00:17 0 11 h04 Band 
107 6 19.26:00 0 10 h32 P3 157 7 08.00:18 0 11 h04 Band 
108 6 19.26:02 0 1 0 h22 P2 158 7 08.00:20 0 11 h52 PS 
109 6 19.26:06 0 10 h12 P1 159 7 08.00:23 0 11 h94 Store 
110 6 19.26:07 0 1 0 h04 Band 

111 6 19.26:09 0 10 h12 P1 161 7 08.00:50 0 11 hFF 
112 6 19.26:10 0 1 0 h22 P2 162 7 08.02:44 0 11 h94 Store 
113 6 19.26:11 0 10 h32 P3 163 7 08.02:46 0 11 h01 + 
114 6 19.26:13 0 1 0 h42 P4 164 7 12.45:46 0 1 0 h14 C: Ejed 
115 6 19.26:14 0 1 0 h52 PS 165 7 12.45:52 0 10 h14 C: Ejed 

116 6 19.26:17 0 10 h04 Band 166 7 12.46:40 0 1 0 h12 P1 
117 6 19.26:19 0 1 0 h12 P1 167 7 12.46:42 0 1 0 h04 Band 
118 6 19.26:20 0 10 h22 P2 168 7 12.46:43 0 10 h04 Band 
119 6 19.26:24 0 10 h32 P3 
120 6 19.26:26 0 1 0 h42 P4 170 7 12.46:52 0 10 h01 + 

121 6 19.26:31 0 1 0 h52 PS 171 7 12.51 :25 0 1 0 h14 C: Ejed 
122 6 19.26:32 0 1 0 h32 P3 172 7 12.51 :31 0 1 0 h14 C: Ejed 
123 6 19.26:34 0 1 0 h22 P2 173 7 13.23:44 0 1 0 h14 C: Ejed 
124 6 19.26:36 0 1 0 hFF 174 7 17.04:20 0 10 h14 C: Ejed 
125 6 19.27:41 0 11 h32 P3 175 7 17.04:27 0 1 0 h14 C: Ejed 

126 6 19.27:44 0 11 h32 P3 176 8 08.14:36 0 1 0 h14 C: Ejed 
127 6 19.27:44 0 11 h42 P4 177 8 08.14:52 0 1 0 h14 C: Ejed 
128 6 19.27:55 0 11 h52 PS 178 8 09.16:52 0 00 h14 C: Ejed 
129 6 19.29:16 0 11 h04 Band 179 8 11 .30:30 0 10 h14 C: Ejed 
130 6 19.29:31 0 11 h08 S+· 180 8 11.30:37 0 1 0 h14 C: Ejed 

131 6 19.29:55 6 11 hos·. S+· 181 8 12.20:32 0 00 h14 C: Ejed 
182 8 17.28:48 0 1 0 h14 C: Ejed 
183 8 17.28:57 0 1 0 h14 C: Ejed 

134 6 19.30:09 0 11 h01 + 184 8 17.35:08 0 10 h14 C: Ejed 
135 6 19.30:16 0 11 h08 S+· 185 8 17.35:16 0 10 h14 C: Ejed 

136 6 19.30:28 0 11 h08 S+· 186 9 13.25:01 0 10 h14 C: Ejed 
137 6 19.30:41 7 11 hos· S+- 187 9 13.25:08 0 1 0 h14 C: Ejed 

188 9 13.26:35 . 0 11 hBC.+ Treble 
139 6 19.30:59 0 11 h08 S+· 
140 6 19.33:35 0 11 hOB S+· 190 9 13.28:19 0 10 hFF 

141 6 19.34:53 0 11 hOB S+- 191 9 13.33:32 0 10 h14 C: Ejed 
142 6 19.35:24 6 11 hos·. S+· 192 9 13.33:38 0 1 0 h14 C: Ejed 

193 9 13.43:48 0 1 0 h14 C: Ejed 
194 9 14.01 :00 0 10 h14 C: Ejed 

145 6 19.35:41 0 11 hOB•• S+· 195 9 14.01:06 0 10 h14 C: Ejed 

196 10 12.55:16 0 10 h14 C: Ejed 
197 10 12.55:25 0 10 h14 C: Ejed 

148 6 19.35:54 0 11 h04 Band 198 10 13.04:03 0 11 h2C-- Standby 
149 6 19.35:57 0 11 h08 S+-
150 6 19.42:37 0 1 0 h08 S+· 200 10 13.04:05 0 11 h2C-- Standby 

Table Il, part 2 
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Function Function 

I2Ali.Ilca 1illa J 12 Kü'. Comroeot I2Alillmi �~� 112.Kn Commeot 

251 10 20.53:21 0 11 hSS C: rev play: metal 
202 10 13.04:22 0 11 h54 C: nonn play: metal 252 10 20.53:29 0 11 hFF 
203 10 13.04:37 0 11 h01 + 253 10 21 .01 :48 0 11 hSD C: 
204 10 13.04:59 2 11 h8C.+ Treble 2S4 10 21.01 :50 0 11 hSF C: play: inserted: enz. 

255 10 2'\.01 '. SS 0 11 h54 C: nonn play: metal 

206 10 13.16:58 11 hAC" Balance 256 10 21.01 :59 0 11 h5D C: 
257 10 21 .01:59 0 11 h14 C: Ejed 

208 10 13.17:00 2 1 0 hAC.+ Balance 258 10 21 .02:42 0 11 h54 C: norm play: metal 
259 10 21.03:25 0 11 hSC C: tast forward or reverse 

210 10 13.17:13 0 10 hAC Ba1ance 260 10 21.03:27 0 11 hSS C: rev play: metal 

211 10 13.40:21 0 11 h01 + 261 10 21.03:30 0 11 hSD C: 
212 10 13.47:31 0 11 hSC C: tast forward or reverse 262 10 21.03:32 0 11 h54 C: norm play: metal 
213 10 13.47:34 0 11 hSE C: play: riserted: enz . 263 10 21 .03:36 0 11 hSC C: tast forward or reverse 
214 10 13.47:39 0 11 hSF C: play: riserted: enz . 264 10 21.03:38 0 11 hFF 
215 10 13.47:39 0 11 h14 C: Ejed 265 10 21.03:38 0 11 hSE C: play: inserted: enz. 

216 10 13.47:41 0 11 h54 C: norm play: meaaJ 266 10 21.04:20 0 11 hBC Loudness 
217 10 13.47:49 0 11 hSD C: 267 10 21.04:25 0 1 1 h94 Store 
218 10 13.47:50 0 1 1 hSS C: rev play: metal 268 10 21.04:28 0 11 h12 P1 
219 10 13.48:03 0 1 1 hSD C: 269 10 21.04 :29 0 11 h32 P3 
220 10 13.48:06 0 11 hSF C: play: riserted: enz . 270 10 21 .04:30 0 11 h42 P4 

221 10 13.48:19 0 11 hSF C: play: riserted: enz. 271 10 21.04:32 0 11 h52 PS 
222 10 13.48:20 0 11 h54 C: norm play: metal 272 10 21 .04 :35 0 1 1 h94 Store 
223 10 13.48:37 0 11 h50 C: 273 10 21 .04:37 0 11 h04 Band 
224 10 13.48:38 0 11 h~S C: rev play: metal 274 10 21 .04:41 0 11 h04 Band 
225 10 14.21 :45 0 1 0 hSD C: 275 10 21.04:42 0 11 hSF C: play: inserted: enz . 

226 10 14.21:46 0 1 0 h14 C: Ejed 276 10 21.04:44 0 11 hSS C: rev play: metal 
227 10 20.51 :01 0 10 h14 C: Ejed 277 10 21.04:44 0 11 h5D C: 
228 10 20.51 :09 0 1 0 h14 C: Ejed 278 10 21.04:45 0 11 h54 C: norm play: metal 
229 10 20.51 :11 0 1 0 h04 Band 279 10 21.04:46 0 11 h12 P1 

280 10 21.04:58 0 11 h94 Store 

231 10 20.51 :14 0 10 h04 Band 281 10 21 .05:12 0 11 h01 + 
232 10 20.51 :15 0 1 0 h04 Band 282 10 21.05:18 0 11 hBC Loudness 
233 10 20.51 :16 0 1 0 hD4 Band 283 10 21.05:20 0 11 h01 + 
234 10 20.51 :17 0 1 0 h04 Band 284 10 21.05:37 0 1 1 h3C Dolby 
235 10 20.51 :20 0 1 0 h8E C: stby or dk: Ejed: enz. 285 10 21.05:43 0 11 h3C Dolby 

236 10 20.52:08 0 11 h94 Store 286 10 21.05:45 0 11 h3C Dolby 
237 10 20.52:13 0 11 h94 Store 287 10 21.05:46 0 11 h3C Dolby 
238 10 20.52:16 0 11 h94 Store 288 10 21 .05:57 0 11 h01 + 
239 10 20.52:17 0 11 h52 PS 289 10 21.50:27 · 0 11 h2C Standby 
240 10 20.52:23 0 11 h42 P4 290 10 21.50:27 0 11 hOS C: Slby or dk: enz. 

241 10 20.52:25 0 11 h32 P3 291 10 21.50:31 0 11 hFF 
242 10 20.52:26 0 11 h22 P2 292 10 21 .51 :44 0 11 h94 Store 
243 10 20.52:30 0 11 h94 Store 293 10 21.52:06 0 11 h94 Store 
244 10 20.52:35 0 11 hBC Loudness 294 10 21 .52:09 0 11 h22 P2 
245 10 20.52:54 0 11 h54 C: norm play: metal 295 10 21.52:11 0 11 h32 P3 

246 10 20.53:07 0 11 h5D C: 296 10 21.52:13 0 11 h42 P4 
247 10 20.53:08 0 11 hSS C: rev play: metal 297 10 21.52:15 0 11 h52 PS 
248 10 20.53:16 0 11 h5D C: 298 10 21.52:22 0 11 h12 P1 
249 10 20.53:17 0 11 h54 C: norm play: metal 299 10 21.52:48 0 11 h04 Band 
250 10 20.53:20 0 11 hSD C: 

Table II, part 3 
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Function Function 
Qmlima 1iml Jl2 1w Comment 12A1iliaa 1iml Jl2 �~� Çomment 

301 10 21 .53:02 0 11 h04 Band 

303 10 21.53:08 0 11 h04 Band 
304 10 21.53:09 0 11 h04 Band 
305 10 21.53:10 0 11 h04 Band 

306 10 21.53:11 0 11 hD4 Band 
307 10 21.53:13 0 " h94 Store 
308 10 21.54:07 0 11 h2C Standby 
309 10 21.54:09 0 11 h5.f C: norm play: metal 
310 10 21 .54:11 0 11 hSC C: tast forward 0f rewrse 

311 10 21.54:14 0 1 0 h5E C: play: nserted: enz. 
312 10 21.54:16 0 10 hSF C: play: nserted: enz. 
313 10 21 .54:17 0 11 hSS C: rev play: metal 
314 10 21.54:30 0 11 h01 + 
315 10 21.55:00 0 11 hBC Loudness 

316 10 21.55:18 0 1 1 hFF 
317 10 21.56:22 0 11 h2C Standby 
318 10 21.56:22 0 11 h05 C: stby or dk: enz. 
319 10 21.56:28 0 11 h52 PS 
320 10 21 .57:17 0 1 1 h2C Standby 

322 10 21.57:20 0 11 h55 C: rev ~y: metal 
323 10 22.12:20 0 11 hSD C: 
324 10 22.12:23 0 11 h55 C: rev play: metal 
325 10 22.15:12 0 1 0 hFF 

326 10 22.22:05 0 1 0 h54 C: norm play: metal 

Table II, part 4 
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Appendix 

Necessary modifications for the external memory box 

Extend the intemal ram to at least 2000 events 

Proper registration of the cassette player events• 

Registration of starting/stopping the engine 

Registration of power on/off events of the radio 

Possibility to registrate the number of driven kilometers 

Possibility for volume level registrations• 

Better solution for band knob registrations • 

Use of a 9pin SubD-connector for the power supply 

Protect the memory box from wrong connection of the power supply with a diode 

Connect the internal SV line to the 9pin SubD 1/O-connector, for testing purposes 

Develop an interface f or the 110 signa Is 

Reliable mechanica! fixing of the µprocessor 

• this implies a subs1antial software revision 




