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SUMMARY 

An explorative study is reported about ergonomie aspects of the use of 
speech for interaction between a computer and its user. Fifteen subjects 
did a task with two versions of an annotation system. In this system 
annotations, remarks in the form of comment or explanation, could be 
added toa text which was presented on a computer screen. In one version 
of the system the annotations were typed and could be read on the screen, 
and in the other version the annotations were spoken and could be 
listened to afterwards. 

Measurements were made during the actions the subjects undertook and 
from the annotations they produced. They were also asked questions about 
their experiences with the two versions of the system. From the results 
of these measurements conclusions are drawn about the comfort, 
effectiveness and efficiency which resulted from using speech or text for 
making annotations. 

The overall conclusions are: 

1. Subjects worked more comfortably with the voice annotation system; 

2. there were no clear differences in the effectiveness; 

3. making voice annotations seemed to be more efficient: longer 
annotations (which, however, did not contain more information) were 
produced in less time. 
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1 INTRODUCTION 

1.1 Scope Of The Study 

In this report two ways of making annotations to. displayed texts which 
are stored in a computer will be compared on their ergonomie merits. The 
two are voice annotation and textual annotation. The process of 
annotation can be defined as the adding of notes toa text in the form of 
comment or explanation. In voice annotation one makes audible notes by 
recording speech, and in textual annotation one makes visible notes by 
typing them. A comparison of the reception of the two kinds of 
annotations is equally important as a comparison of their creation, but 
will not be made in this report. It ought to be the subject of future 
research. 

1.2 The Subject Of Ergonomics: The Man-machine System 

Ergonomics is always aimed at the behaviour of people who use technica! 
aids. In order to study this methodically, man and machine are 
considered to be part of one system: the man-machine system. In the 
case of this study the technica! aid is a dedicated computer serving as a 
system for annotating documents, and the man-machine system is a 
man-computer system. A man-computer system has all the properties of a 
man-machine system, and therefore may be considered as special case of 
the latter. 

Especially in man-computer interfaces the exchange of information is 
the most important part of the interaction. How information flows 
through the man-computer system is shown in figure 1, where the 
information is symbolised with arrows. The representation of the 
man-computer system in this figure is a derivation from similar 
representations which can be found in many handbooks, eg in the 
'Cursusboek Ergonomie' (1983). Information is processed and stored both 
in the human part and the computer part of the system. The information 
exchange takes place at the plane where the human sub-system and the 
computer sub-system meet: the human-computer interface. Here 
information enters the computer via human verba! or motor activity on the 
computer's controls, and information is produced by the computer via its 
displays to the human senses. This report concentrates on two computer 
controls: input to the computer by means of speech via a microphone, and 
input by means of text via a keyboard. 

1.3 Speech For The Human-computer Interface 

Recent technological developments have made it possible to use speech as 
a modality for human-computer interaction. There is no doubt that speech 
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Figure 1. The man-computer system 

will be applied in user-interfaces, on its own, and as an enhancement of 
the traditional interaction via keyboard and screen. However, not much 
is known yet about the consequences of this development for the way the 
user is werking with the information-system. Whether speech makes a 
positive contribution to the user's comfort, effectiveness and efficiency 
is still an unanswered question. 

Speech as a means of interacting with a computer is only available 
since a relatively short time, and therefore the applications and their 
user-interfaces which make use of speech are in an early stage of 
development. This presents a good opportunity for ergonomie research to 
guide the development of user-interfaces which use speech in directions 
which are favourable for future users. 

Much research has alre~dy been done, and is still going on, into the 
technica! aspects of computer speech. Such research is aimed at 
improving the quality of artificial speech. This quality is determined 
by the units out of which the artificial speech is composed (eg phonemes 
or diphones), the amount of information that is needed to generate it (in 
bits per second of speech) and its prosody (eg, intonation and rhythm). 
These are important issues, not only from a technica! point of view, but 
from an ergonomie point of view as well. They determine toa great 
extent how pleasant it is to listen to computer generated speech. 

But these matters say nothing about the desirability of speech for 
human- computer interaction, which is the ergonomie issue with which this 
study will concern itself. The literature pays less attention to this 
ergonomie aspect of the use of speech than it does to the technica! side. 
Handbooks like McCormick & Sanders (1982) and VanCott & Kinkade (1972) 
concentrate on the technica! issues. A Dutch course-book (Teleac 
Cursusboek Ergonomie, 1983) which covers all ergonomie subjects indicates 
the possibility of using speech for man-machine interaction, but it does 
not give guidelines as to when to use it. 
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Some explorations into the properties of speech do exist, like the 
following general and qualitative list of advantages of speech 
(Waterworth, 1984): 

speech is natural; 
it makes every telephone set into a cheap computer terminal; 
it is useful for environments where visibility is limited; 
it is useful where hands and/or eyes must be free for other tasks; 
it will help people with visual or physical handicaps; 
illiterates will benefit from it. 

Van Nes (1982) compares text and speech as means to present 
information to a computer user. Table 1 lists the different properties 
he distinguishes. Thomas, Rosson & Chodorow (1984) even give several 
guidelines for speech output, but also point out that there is a great 
lack of experimental data on which to base firm statements about speech. 
One early exception is a study by Braunstein & Anderson (1959) which is 
reported in Van Cott & Kinkade (1972). 

Braunstein & Anderson studied a very limited use of speech: they 
compared keypunching digits with reading them aloud. In the second 
condition they in fact simulated a computer which could \lllderstand ten 
isolated words. The speed the subjects reached reading the digits aloud 
was about twice as high as when they keypunced the digits (2.5 3 
digits/sec and 1 1.5 digits/sec respectively), while the numbers of 
errors they made was about the same in both conditions. The subjects had 
had no prior training; the effect remained the same after several hours 
of practice. Four of the five subjects, however, preferred to keypunch 
the numbers; they found reading the 1050 digits aloud more tiring. 
Braunstein & Anderson conclude with the remark that "vocal entry of 
digital data appears to be highly desirable only where the amount of data 
to be entered is relatively small and the frequency of entry is low". 

Ina study in which giving commands to a system for subtitling 
television programmes with function keys on a key-pad was compared to 
giving these commands with speech no gain in operating speed by the use 
of speech was fo\llld (Damper, Lambourne & Guy, 1984). The lack of 
experience of the subjects in using speech for command input was given as 
a possible reason for this outcome. 

An experimental study which compared speeh and text for information 
output was done by Potosnak & Van Nes (1984). Twenty subjects used two 
versions of an electronic mail system: one in which menus (lists of 
command options) and other system messages were presented in text, and 
one in which these messages were presented in speech. The mail itself 
which was received from and to be sent to other people by means of the 
mail system was represented as text in both verslons of the system. The 
task the subjects were asked to do consisted of receiving messages from 
fictitious persons and responding to those by returning messages to these 
people. 
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-------------.-------------------..------------------- -
PROPERTY 

Permanence 

Production-perception 
synchrony 

Accessibility of 
specific fragment• 

Susceptibility to 
deterioration 

Freedom of movement 

'Naturally elicited' 
input medium 

Required skills for 
generating the com
monly used input 

Perception speed 

'Human character' 
of the communi
cation 

Suitability for 
normal telephony 

TEXT 

high: it can be read as aften 
as the reader desires 

!!.!!= •• long as the text 1• 
present it can be read at a _ 
speed determined by the reader 

righ: text pages vith a good 
y ut are almost randomly 

accessible 

aoderate: low legibility can 
be compensated to some extent 
by repeated reading 

low: the eyes ~f the reader 
iiäve to stay fixed on the 
text at a suitable distance 
for reading 

possibly ~one, though pointing 
at what is desired or arouses 
the interest 1e.g. in a menu) 
may be a logical response. The 
position of the pointing fi~ger 
can then be detected 

this input is typing: for pro
ficient typing a high deçree 
of skill is required. Other
wise, questions to the infor
mation system can only be 
asked slowly 

high: J-10 words per second 

moderate: text appearing on 
a screen has an impersonal 
character 

very low: only possible for 
telephones vith a small dis
play unit 

SPEECH 

low: it can only be perceived at 
the time vhen the message is audib!e 

high: a speech message must be per
ce1ved ■ynchronously vith its pro
duction 

low: the listener has only seg'.len
tial access to the message, every
thing preceding a passage of inter
est haa to be heard as vell 

~igh: unles ■ repeated, it can be 
d just once and thus could be 

made unintelligible by a burst of 
ambient noise. Speech of poo~ qual
ity has a low intelligibility due 
to it ■ low permanence, even when 
repeated 

high: a speech message may be per
ceived at any place in aroom where 
it can be heard , ·- ·• ' 

speech: it is hard to imagine an
other, natural vay of responding 
vhen one is addressed in speech 

this input could become speech: no 
special skills required. Questions 
can be asked fast 

high: 2-5 vords per second 

high, even very high for high qual
ity speech: this has a personal 
character, therefore, ■ome emotion
al qualities like politeness are 
called for. Inappropriate answers 
from the ■ystem may easily be re-
9arded a■ rude or blunt 

very high: only the restricted band
vidth might cause problems vith low
quali ty speech 

Table 1. Ergonomie properties of speech and text 
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The subjects generally preferred the text version of the system, 
although they rated the speech as more interesting and fun. But many 
subjects found the voice of the system annoying after a while, partially 
because it was rather slow. During their task, subjects could make 
notes. It turned out that they only made notes which were related to the 
task, and which had no relation to the differences between the text and 
speech system. Interestingly, more notes were made when using the speech 
system, a fact which the authors ascribe to the possibility that 
processing the speech output competes with the other task information for 
the limited storage capacity of short-term memory. 

Most studies which are reported in literature deal with speech 
output, as this is technically more feasible than speech input at the 
moment. But technology evolves rapidly, and more needs to be k.nown about 
speech input as well. The existing studies about speech input, some of 
which have been described, use very limited types of speech input for 
control functions, mainly recognition of isolated words from a small set 
of words for entering numbers or simple commands. In the experiment 
which is reported here there were no limitations as to the vocabulary 
subjects could use, the speed with which they could speak, and the syntax 
and semantics of their utterances. These utterances were not, however, 
used for control functions but for generating content-related messages. 

1.4 Posing The Problem And Constraints 

The way we tried to assess the merits of speech is to compare it with the 
most common way of interacting with a computer: with a keyboard and a 
screen. In this respect we follow the paradigm Potosnak and Van Nes 
(1984) used. They compared textual and speech output for system messages 
in an electronic mail application. In order to be able to do an 
experiment we needed a realistic task setting in which subjects can be 
observed using an experimental application. This application should be 
equipped with a speech user-interface for one half of the cases in the 
experiment, and with a text user-interface for the other half. Because 
of the context of the research the application had to come from the field 
of office-automation. Annotation seemed to be a suitable application for 
our purposes. Srulovicz (1984) mentions voice annotation as one of the 
more useful applications of speech technology in computers. We felt that 
both text and speech would be reasonable modalities for making 
annotations. 

An issue that should be noted about annotation as a vehicle for 
comparing speech and text is that the two modalities in that case are not 
used for giving commands to the system and giving feedback to the user. 
Instead, the subjects can in amore general sense enter information into 
the computer, and receive information from the computer in two different 
modalities. In doing so they are not tied toa specific syntax and 
semantica of some command language. 



Page 7 

For this study the scope of the problem to be investigated is: 
which way of annotating allows people to annotate most comfortably, 
effectively and efficiently: voice annotation or annotation by typing. 
This question will be answered by simply asking subjects, and by 
extracting data from registered user actions on the system and from 
annotations which the subjects made. Section 3.1 gives more details 
about which variables were measured. 

About the state of comfort of a person the dictionary says that it 
is "a state of being free from suffering, anxiety, pain etc; contentment; 
physical well-being" (Hornby, 1974). As a person's physical well-being 
is mainly determined by the hardware side of the human-computer 
interface, this side of the concept of comfort will be left alone. The 
"freedom from suffering, anxiety, pain etc;" will be interpreted as 
mental well-being, and this is what we will try to get some insight in, 
mainly by asking the subjects about their experiences with the annotation 
systems. 

The effectiveness of a system can be defined as the extent to which 
a user of the system can reach the goals he bas set for himself by using 
the system. The goal for the users of the annotation system was to make 
remarks about the text which would eventually lead to the necessary 
changes to the text. One may assume that they wanted their annotations 
to be as clear as possible. 

One way for annotations to be clear is to give the receiver an 
indication for solving the problem that is described in the annotation. 
Not every maker of annotations will have the same tendency to give 
indications of this kind, but it may be interesting to see whether a 
person puts more indications into his or her voice annotations than into 
his or her text annotations. This is an example of what will be looked 
at for determining the effectiveness. 

Another indication for the effectiveness is the quality of the 
information elements that the annotations contained. lt is very hard to 
measure this quality; the best way might be to observe how receivers 
react to the annotations, but this falls outside the scope of this study. 

The efficiency with which the user of a system can perform a task is 
generally defined as the ratio between the effort he has to put into 
performing the task and the amount of desirable results that are obtained 
by performing the task. This amount of desirable results is expressed in 
the effectiveness, which has been discussed in the last paragraph. The 
effort of the user which is required is measured as the time he spent 
doing the task, and as the mental load he reported in the interview. 

The problem which is described above will be treated with the 
following goal in mind: the investigation is meant to compare from an 
ergonomie point of view two modalities, text and speech, for annotating 
texts. lt is inevitable that for each of the modalities a different 
user-interface has to be created. To avoid that effects of the different 
user-interfaces will be measured instead of effects of the modalities, 
the user-interfaces should be made of equal quality, resembling each 
other as much as possible without conflicting with the specific 
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properties of both modalities. 

The nature of this study is explorative, as it is only the first 
study in a series in which an annotation system is used as a research 
tool. It is not intended to give definitive conclusions, but to result 
in indications to answers to the posed problem. Also, an attempt will be 
made to rate the method which is applied in this study. 

This investigation will not concern itself with the question whether 
annotation of computer based texts on a computer is a useful function as 
such. As a starting point it is assumed that it is. I am only concerned 
with the question which of two possible modes of annotation is best from 
an ergonomie point of view. 

In the experiments that were carried out for this investigation the 
subjects did tasks with a prototype of an annotation system. An attempt 
was made to make the content of these tasks resemble real-life situations 
as much as possible. This way we tried to guarantee the external 
validity of the experiment. Gould and Boies (1983) report favourable 
experiences with using real-life tasks for experimentation. It enabled 
them to make a good method for the design and evaluation of a voice store 
and forward message system. 

1.5 Survey Of The Study 

Chapter 2 will describe how the experiments were carried out, and what 
materials and programs were used for them. Special attention is given to 
the user-interfaces of the annotation systems. 

In chapter 3 the results of the experiments are given. That is, the 
bare outcomes for the dependent variables will be described, but also 
interdependencies between some of these variables are considered. 

A discussion of the results can be found in chapter 4, together with 
the conclusions which can be drawn from them and some recommendations for 
further research. 

In several appendices I will go into more detail about technica! 
matters like the programs, the organisation of the storage of some of the 
data, and the texts which were used in the experiments. A description of 
the statistica! test which have been used is given, and some of the raw 
data are listed. Important in this respect are the description of the 
annotation programs and their listings, which can be found in Appendix A. 
This may be useful for developing new annotation systems. 
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2 METHOD AND MATERIA.LS 

2.1 A First Try-out Of Voice Annotation 

The reason 
Making annotations to documents with speech was something completely new 
to us, we had no experience with it at all. We had no idea therefore, 
whether subjects would accept it as a serious thing to do. In order to 
get some indication of this acceptance a try-out with a very simple voice 
annotation system was done with one subject. This subject did not 
co-operate in the real experiment. This try-out would also give a good 
opportunity to get some feeling for which dependent variables might be 
used in the ultimate experiment. 

The setting 
The subject more or less appeared on her own initiative. She had asked 
the experimenter to give some comments on a brochure of an organisation 
they both worked for. The experimenter asked her whether she would 
object against receiving the comments in a somewhat unusual way: as 
voice annotations on a cassette tape. She did not object; this way a 
very realistic setting for the try-out arose and the subject would be 
very motivated to receive the annotations. 

The method 
The experimenter attached the annotations to the text of the brochure by 
writing down a number next to the spot which he wanted to comment on. He 
then recorded the annotation on the cassette tape, starting by saying the 
number he had just written down, and then saying the comment. The 
brochure with the numbers and the cassette tape were given to the 
subject, and she was asked to listen to the annotations with a cassette 
player of her own, and treat them as the comments on the brochure she 
would get from other people. She also got some explanation on how the 
annotations were linked to the text. After a few days she was asked some 
questions about her experiences with the voice annotations. 

The results 
In the interview about her experiences, the subject reported the 
following: 

- she did not have problems with using the system, ie the combination 
of cassette player and docunent with numbers in it; 
- the intentions of the annotations were clear; 
- compared to text annotations she fo\.Uld that voice annotations 

-- are generally longer, because they are more comprehensive, and 
their intentions are more clear, 
-- give more nuances and indications of the relative importance of 
the comment; text gives more the impression of receiving orders; 
she had the impression that the extra information in voice 

annotations is partially given by their intonation; in order to 
interpret the intonation correctly she thought it helpful to know the 
sender of the annotations; 
- she did not feel the urge to write down immediately the annotations 
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she heard because she knew she could listen to them again; 
- she found it a disadvantage that she had to write down the 
annotations in order to combine them with the comments she had 
received from other people; 
- she found it hard to understand the annotations when she was 
listening to them while doing something else, but she had no problems 
in this respect when she listened to them with more attention; 
- she did no find it necessary to play the annotations back repeatedly 
in order to understand them; 
- she preferred this way of receiving comments over getting them over 
the telephone, because now she could listen to them when it pleased 
her; 
- she found listening to the annotations a pleasant change frome 
reading all the time. 

Conclusions 
The conclusions which can be drawn from this try-out are that voice 
annotations can certainly be considered to be a serious way of conveying 
comments to other people. Even implemented in a very simple way it has 
clear advantages over text annotation. Perhaps the most important 
advantages are that voice annotations can give the information with more 
nuances and indications of its relative importance. 

2.2 Task And Subjects For The Main Experiment 

Fifteen subjects were asked to annotate four screen pages of text. The 
texts were taken from the internal IPO document 'IPO wegwijzer' which 
describes all kinds of domestic rules and practical matters that apply 
within the Institute. The subjects came from IPO too, and were selected 
on the criterion that they should have some kind of affinity to the texts 
on behalf of their position in IPO. In this way a relation between text 
and subjects was created, which was advantageous to get a realistic task 
setting. Furthermore the document was to be revised anyway. The 
subjects were told that the annotations would be given to the person who 
was in charge of this revision. 

There were still many factors which opposed the setting to be 
perceived as realistic. One of the most important is that annotation on 
computers is a very new function, and that subjects can impossibly have 
any experience with it. This may result in too much attention being 
drawn towards the tool they are using, because they have to get used to 
the function itself, and because they have to learn how to control the 
function. Perhaps too little attention is given to the work itself then. 

To avoid this unintended shift of attention as much as possible, 
subjects were given an exercise before they started to use a version of 
the annotation system. On a special exercise page, which was presented 
on the terminal in the same way as the pages which were to be annotated, 
there was a short lesson on how to use the system and some opportunities 
to play with the different commands of the system. During the exercise 
the subjects could use a manual page, which gave detailed information on 
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the commands. This manual page was available during the actual task as 
well. The subjects were asked to complete the exercise page, and they 
were also asked wtlether they still had any problems before going on with 
the actual task; additional information could then be given by the 
experimenter. By this arrangement the amount of learning that had to 
take place during the real experiment, and the differences in the skill 
that the different subjects had in controling the system were minimized 
as much as possible. 

In order to get the experimental control that is required no other 
were allowed to enter the room in wtlich the experiment took 

The subjects were alone during the experiment, to avoid that they 
feel inhibited to speak 'to the computer' by the presence of other 

persons 
place. 
would 
people. 

The four pages that were to be annotated were divided into two 
pairs; within a pair the pages always appeared in the same order. The 
actual texts which were used can be found in appendix B. Half of the 
subjects annotated the first pair of pages wtlich was presented to them 
with the aid of a voice annotation system and annotated the second pair 
with text annotations. The other subjects used the annotation systems in 
the reverse order. The order of the two pairs of pages was also 
counterbalanced over subjects and modality of annotations. 

2.3 Equipment And Software 

The experiments were carried out on a Sun workstation 2. This is a large 
microcomputer that bas a display with a resolution of 1150 (horizontally) 
x 900 (vertically) pixels as its output device, and a keyboard and a 
mouse with three buttons as its input devices. The movements of the 
mouse on the table are translated to movements of an arrow-shaped cursor 
on the screen with a multiplication factor 2.5. The machine runs under 
the operating system UNIX. 

For the recording and play-back of speech, a Tandberg TCCR 530 
cassette recorder was connected to the Sun. The cassette recorder was 
controlled by the software on the Sun and provided direct access to any 
position on the cassette-tape. The cassette recorder was bidden in a box 
beneath the table, so that the attention of subject& would not be drawn 
to the mechanical clicks and other sounds of the apparatus. A microphone 
and a loudspeaker, which were connected to the cassette recorder, stood 
on both sides of the video display unit. Figure 2 shows the arrangement 
of the equipment. 

The software used consists of two main programs, one for the 
voic~annotation system and one for the text-annotation system. The 
Dutch versions are called spraakann.c and tekstann.c, respectively. 
These programs are written in the programming language C, and are based 
on the Sunwindows package, which is provided with the Sun. 



Figure 2. The equipment used for the annotation 
experiments. From the left to the right: (A) the 
intercom device, (B) the microphone, (C) the keyboard 
and (D) the visual display unit of the Sun workstation 
(E) the loudspeaker with (F) the mouse in front of it' 

' and (beneath the tables) the Sun computer and the box 
which contains the Tandberg cassette recorder. 
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The Sunwindows package is a large collection of functions and data 
structures which allows the programmer to give programs a uniform 
user-interface. lt implements a window system in which the area 
available on the screen is divided into multiple rectangles. Each 
rectangle provides a window through which the user and the computer 
interact. The windows can overlap each other, thus increasing the user's 
effective work.ing space, and contributing to the notion that the user is 
work.ing on an electronic desk top. They can overlap in the same way that 
pieces of paper can overlap one another; windows that are underneath can 
be brought to the top of the stack and vice versa. The user interacts 
with the window manager of the window system to move, change the size of, 
and modify the degree of overlap of a window. 

The Sunwindows package is divided into three layers: the Suntools 
layer, the Sunwindows layer and the Pixrect layer, each implementing part 
of the system at a different level of abstraction. The programs for the 
annotation systems were almost entirely based on the Suntools layer, 



because that was the 
application. Only a 
layers were used, e.g. 
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quickest way to build a reasonably mature 
few functions from the Sunwindows and the Pixrect 
for displaying a graphical symbol. 

The user-interfaces of the annotation systems had to meet several 
requirements. The systems should be easy to use and easy to learn, so 
that subjects would be able to do a task with them quickly. Also the 
hindrance of controlling the system should be minimized by these 
properties. I tried to reach these goals by visualising as much as 
possible, and having the user remember as little as possible. System 
elements like closed annotations and open annotations were represented 
graphically on the screen as annotation symbols and windows with text in 
them respectively, and could be pointed at to manipulate them. Available 
commands were visualised in menus which appeared when one pointed at the 
object that was to be manipulated and then pressed the left mouse button. 
Pointing at an annotation symbol in text version, for instance, a menu 
would appear which gave the possibility to "open" or "delete" the 
annotation, and pointing at the document page, the menu would give the 
commands "display the next page" and "display the previous page". 

Furthermore the user-interface should behave consistently, i.e. 
system reactions to user actions should follow the same pattern in all 
parts of the system. lf on one occasion the annotation symbol turns 
black if an action is performed on it, it should also do this on other 
occasions; if a user is asked to confirm the deletion of a voice 
annotation, he or she should also be asked to confirm the pending erasure 
of an old recording by a new recording as well, because that is, in 
effect, a deletion of the old annotation too. 

The user interface should be so clear that it more or less explains 
itself, control errors caused by automatic movement patterns of the user 
should not cause disasters (as can be the case in operating systems were 
each deletion of a file must be confirmed by typing "Yes", and where one 
starts to do this without paying attention, even in cases where one 
accidently specified the wrong file), response to user actions should be 
immediate and the state of the system should always be visible to the 
user. The latter was achieved by, e.g., a status line on which the user 
could read whether the recording of an annotation was taking place, or 
that the system was busy retrieving the text of a text annotation, etc. 

Another requirement of the annotation systems was that the voice and 
the text verslons should, apart from the sensory modality, differ as 
little as possible. We didn't want to measure effects of different 
user-interfaces, but we wanted to know more about the differences between 
speech and text. Uniform text and speech versions would also prevent 
negative transfer of skills in a subject from the first task session with 
one version of the annotation system to the second one with the other 
version. This means that knowing how to work with one version of the 
system would not interfere with learning to work with the other system. 
This would facilitate dealing with inter-subject effects in the data. 

The resulting user interfaces contain pages between which the user 
can switch with the aid of a page-menu. To every spot on the page an 
annotation may be attached. The annotation is represented by a small 
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symbol which is styled as a small text-balloon with an exclamation mark 
in it. It points to the spot which is annotated. If the user points to 
an annotation symbol, he or she can manipulate the annotation with the 
aid of the annotation-menu. The menus are styled as pop-up menus, which 
appear if the user points to the object he or she wants to manipulate and 
presses the right (i.e. not left or middle) mouse button. He or she can 
then select the right item in the menu by pointing at it and releasing 
the mouse button. Figures 3 and 4 on the next page show an annotation 
system with a page, annotation symbols and a menu. 

In the text version the possible user actions on annotations are 
opening the window of the annotation and deleting the annotation. Inside 
the annotation window the annotation can be edited, and the window can be 
closed again. In order to have a system working quickly, I took the 
screen editor which comes with the Sun system, Vi, as the editor for the 
text-annotations. The user-interface was changed slightly so that only a 
limited number of functions is available ('insert', escape-key, 'write 
and guit', move cursor with cursor-keys, delete single characters) and 
all commands can be given by pressing function-keys. 'When a user quits 
the editor, the annotation window automatically disappears. In the 
speech version the user can record, play-back and delete the annotation. 

All user actions are carried out by moving the mouse and pressing 
the mouse-buttons, except for the editing and closing of a 
text-annotation, which is done with keys on the keyboard. The left mouse 
button is used for creating new annotation-symbols in both verslons. The 
right mouse button always invokes a menu. Only the meaning of the middle 
mouse button is version-dependent: in the text-version it is used to 
move annotation windows on the screen and in the speech-version it serves 
to start and stop recording and play-back sessions. 

Appendix C shows how the user-interfaces were presented to the 
subjects by means of one-page manuals; the reader is referred to these 
for detailed information on the user-interfaces. 

The resulting user interfaces were not ideal of course. They have 
several aspects which may have affected the outcomes of the experiment, 
and which should be improved. The most important ones are listed below: 

in the speech version: 

1. During the first second after a recording was started (or resumed 
after a pause), nothing was recorded. Some subjects found that they 
missed some syllables in the voice annotations they had made, and had 
to re-record them. 

2. Accessing an annotation for playing it back took some time. How long 
it exactly took varied, depending on the last recording or play back 
the user had done. For instance, playing back annotations in the 
same order as they had been recorded required little preparation time 
if no other annotations were played back in between. 



Figure 3. The voice annotation system with a page of 
text (A) and two annotation symbols (B) and (C). 
Symbol (C) at the right of the page has just been 
created, and the arrow-shaped cursor (D) and the symbol 
still point to the same spot. The small window at the 
lower right (E) is a memory aid which wil! be mentioned 
later. 

Figure 4. The voice annotation tool with an 
annotation-menu (A) visible for the annotation at the 
right of the page. The user points at the first 
menu-item: "opname" (which is Dutch for "record"). 
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3. The preparation times of the system before a recording could be made 
varied in about the same way as the times for accessing already-made 
recordings. 

4. System messages appeared at aspot at the bottom of the 
contained the annotation system. Often this was too 
the spot on which a subject's attention was focussed so 
she did not notice the message right away. 

window which 
far away from 
that he or 

in the text version: 

1. All the drawbacks of Vi as the editor for the text annotations: a 
long time before it is ready for use after starting it up, an 
"insert-" and a "command-mode" of operation (in the first mode only 
new text can be inserted in the annotation, commands like "close the 
annotation window" can only be issued in the ether mode), which can 
not be distinguished visually, an implicit change of "insert-mode to 
"command-mode" by using the cursor keys, the impossibility to add 
characters at the end of the last line (because the the "append" 
command was not offered in order to avoid confusion between the two 
ways to add characters which exist in Vi: "insert" and "append"), 
and the obligation to enter and leave Vi in its "command-mode". 
Other drawbacks were that no user actions could be registered in the 
interaction with the editor because it is a ready made program in 
which one can not make the necessary changes to trap the user-input, 
and that the size of the annotation window could not be changed. 

2. It took a long time before an annotation window appeared, and after 
that, before it was ready to be used (on the average a total of about 
11 seconds, the duration depended on previous actions of the user. 
If an annotation window was opened immediately after another one had 
been opened it took less time, probably because the necesarry 
programs still resided in the computer's memory in that situation). 

3. There was no visible 
annotation symbol 
disadvantageous when 

connection between an annotation 
to which it belonged. This 
more than one window was opened. 

window and the 
was especially 

4. On deletion of an annotation symbol, the annotation window, which 
possibly was visible on the screen, did not disappear. 

5. System messages, which were rare, appeared at the same inconspicuous 
place: the bottom of the screen, as in the speech version. 

6. The manual page was too intricate and not very surveyable, as turned 
out when subjects were asked about it. 
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2.4 Experimental Procedure 

After he arrived (all subjects were male) the subject was shown the Sun 
workstation. The experimenter demonstrated how moving the mouse affects 
the position of the arrow-shaped cursor on the screen. Then the first 
annotation system for that subject was activated by the experimenter, 
with the manual page on screen. In both annotation systems there were 
four pages to be read: the manual page for the system, a page with an 
exercise in manipulating the system and one pair of text-pages. The 
experimenter told the subject to do the exercise on the exercise page 
with the aid of the manual page first and to call him if there would be 
any questions. During the exercise and the experiment the experimenter 
stayed in another room nearby, and could be called via the intercom. For 
information on handling the system the subject could always refer to the 
manual page in the first place. There was also a small extra window on 
the screen besides the window that contained the annotation system, which 
displayed a memory aid for the meaning of the mouse buttons. For the 
text version this extra window was somewhat larger and also explained how 
to move windows and how to delete text from the text annotations. 

After the exercise the subject could go on with the actual task: 
annotating the two text-pages. The whole procedure of exercise and 
training was repeated for the annotation system with the other modality. 
After the subject finished, he had to call the experimenter again. 
Finally some questions were asked about the subject's opinions about the 
system and his experience with dictating texts and typing. These 
questions are listed in Appendix D. 

2.5 Measurements 

The experiments produced several kinds of data; in the first place the 
annotations which were made by the subjects. After the experiment the 
voice-annotations were transcribed for easier comparison with the 
text-annotations. 

Additionally time-stamped events in the interaction of the user with 
the system were recorded on disk by the annotation system itself; among 
the recorded events were things like starting the recording of a 
voice-annotation or opening the window of a text-annotation, changing 
pages, activating a menu without making a choice in it, and so on. 
Appendix E lists all the events which were registered. 

Finally all questions about task and system the subject posed during 
the experiment were written down, as well as the answers to the questions 
of the experimenter at the end of the experiment. 
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3 RESULTS 

3.1 Genera! Remarks About The Data 

Complete data of the experiment were obtained for eight of the fifteen 
subjects; for four subjects values for a subset of the dependent 
variables were obtained. The automatically registered event data of the 
latter subjects could not be used because the program broke down twice 
(in one case caused by hardware irregularities), or the conditions were 
not the same as for the ether subjects (in the ether two cases). 

Three subjects did not complete their tasks, and therefore their 
data could not be used. Two of them found the text version of the 
annotation system too difficult to handle, and gave up. The third one 
did not interpret his task the way it was intended to be, and gave too 
little attention to the intended task. 

Three kinds of data were obtained, as was already indicated in 
section 2.4. They are described more extensively now. 

1. Data were obtained from the annotations which were made by the 
subjects. These existed of: 

a. the number of annotations they made, 
b. the lengths of these annotations, 
c. a classification of the subject of the 

annotations, 
d. a classification of the information elements the 

annotations contained. 

ad.a. 
For both versions the number of annotations the subject made with 
that version was counted 

ad.b. 
The lengths of the annotations were measured as the number of words 
they contained. 

ad.c. 
The annotations were divided according to their subject into four 
classes: 

objective remarks about a fact in the text, 
remarks about a fact in the text which expressed 
an opinion of the subject, 

- remarks about a typing error, 

ad.d. 

remarks about the writing style of the author of 
the text. 

The information elements in the annotations were counted for each 
subject for both verslons as a measure for the amount and sort of 
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information the annotations contained. Three sorts of information 
elements were counted: 

- references toa part of the text (paragraph, 
sentence or phrase, where a phrases are defined 
as the smallest semantic units in a sentence) 
to which an annotation applied, 
referenc~s toa single word or character to which 
an annotation applied, 

- alternatives for the elements in the text which 
caused the annotations to be made. 

The first two classes of information elements were considered 
separately because the elements of the first class give useful 
information (the annotation symbol could only point to one word or 
character, so that, if one wanted to attach an annotation toa whole 
sentence or paragraph, one had to state this explicitely in the 
annotation), while the elements of the second class give information 
which is redundant because it is already given by the position of the 
annotation symbol. 

2. Data were extracted from the automatically registered time-stamped 
events in the interaction between user and annotation systern. These 
existed of: 

a. the total time subjects spent on their tasks 
proper (i.e. exclusive exercising time), 

b. the time subjects spent reading and thinking 
(presumably, one cannot be sure: the subject 
might have been distracted as well), measured as 
the time they were not manipulating annotations 
in some way, 

c. the number of times subjects immediately played 
back an annotation after they recorded it. 

3. The answers to the questions which were asked in the interview are 
the third source of data. These gave information on: 

a. the subjects' preferences for: - the voice or text 
annotation system, 

- listening to or 
reading annotations, 

- speaking or typing 
annotations, 

b. the previous experience the subjecte had with working 
with computers and editors, and with typing, 

c. which modality the subjects found to give the highest 
ment al load, 

d. which "strategy" the subjects used for recording 
annotations (formulate what to say first and then 
start the recording, or start the recording 
immediately and formulate while speaking). 
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The questions themselves are to be found in appendix D. 

Wbere the actual data of the experiments are stored, and how they 
can be retrieved, is described in appendix F. 

For the testing of hypotheses, distribution-free tests were used 
where possible. The values many of the dependent variables took were too 
small for assuming that they would be distributed normally. A 
description of how these tests were applied, as well as the raw data on 
which they were applied, can be found in appendix F. 

3.2 Annotation Data 

3.2.1 Numbers Of Annotations - The numbers of annotations made in each 
modality did not differ more than might be expected by chance (according 
to the Wilcoxon Signed Rank (WSR) test; the means were 8.82 voice 
annotations per subject and 8.00 text annotations per subject). It 
appeared that some subjects made more annotations than others did: the 
correlation between the number of voice annotations and the number of 
text annotations subjects made was significant (Spearman's d2 <= 95.5) < 
Vn-12. 0,02s C= 118)). 

3.2.2 Lengths Of Annotations - For each subject the number of words in 
the annotations in each modality was counted and divided by the number of 
annotations the subject had made in that modality. This way the mean 
length of the annotations was derived. These mean annotation lengths 
were greater for the voice annotations. The mean values of the means 
were 13.8 words per voice annotation and 7.5 words per text annotation, 
with a very small probability that this difference was due to chance (p < 
0.005 according to the WSR test). There was no correlation between the 
mean lengths of the voice and text annotations each subject made. 

3.2.3 Subject Classification Of Annotations - The annotations of all 
four classes (objective remarks about facts, opinions about facts, 
remarks about typing errors and remarks about writing style) were counted 
for each subject, and the numbers obtained were divided by the total 
number of annotations a subject made in a modality. To compare between 
the text and the speech version WSR tests were performed on these 
relative numbers of annotations of a certain class. These showed that 
for none of the classes the relative number of voice annotations in a 
class was significantly higher or lower than that of the text 
annotations. Figure 5 shows how the annotations were distributed over 
the four classes for both modalities. 
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Figure 5. Distribution of annotations over the four 
subject classes (S • speech, T • text). The vertical 
lines in the center of the bars indicate the range 
between the minimum and maximum value which were found 
for the variable. 
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3.2.4 Information Elements In The Annotations - The mean numbers of 
information elements in the three classes (relative to the number of 
annotations a subject made in a modality) are shown in figure 6. A WSR 
test on the numbers for the class "references toa single word or 
character" showed an almost significant difference in the sense that 
voice annotations contained more of these references than text 
annotations (Wilcoxon's T•l0, m•9, P(T<•9) • 0.0645). For the other two 
classes, the references to a part of the text (phrase, sentence or 
paragraph) and the alternatives to elements in the text which gave rise 
to the annotations, no differences between text and speech were found. 
Voice annotations do not contain more information elements than text 
annotations. This is found after comparing the total relative numbers of 
information elements in each modality with a WSR test. The number of 
information elements correlates with the nmber of words in annotations 
(Spearman's d2 (n-12) • 163, p(0.l for speech, and d2 • 125, p<0.05 for 
text) so that it seems that in text subjects used less words per 
information element. 

3.3 Event Data 

3.3.1 Exercising Times - The results of the measurement of the amount of 
time subjects used to exercise before they decided to go on with the 
actual task are shown in figure 7. The learning time for the first 
version subjects used was almost twice as long if the first version was 
the text version. This is a clear expression of the fact that the text 
version was more difficult to use than te speech version. 
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Figure 6. Distribution of information elements of 
voice and text annotations over three classes (S = 
speech, T = text, chars = characters). The vertical 
lines in the center of the bars indicate the range 
between the minimum and maximum value which were found 
for the variable. 
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Figure 7. Exercise times subjects took for learning 
the first version and the second version (n. 4 for 
both groups). 
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Figure 7 also shows that subjects who first used the speech version 
much more time to learn the text version than those who used the 

version first. For the speech version, however, subjects took less 
to learn it if it was their second version. This is more like the 
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way one would expect the length of the learning periods to develop, if 
one takes into account that positive transfer of training across versions 
was facilitated by the great resemblance of the user-interfaces of the 
two verslons. 

3.3.2 Task Times -

The total task time was measured as the time between the moment the 
subjects started reading the first text page, after they had read the 
manual page and had done the exercise, and the moment they called the 
experimenter after finishing the task. Only one subject spent less time 
on the task with the text version; all the others spent more or much more 
(up to five times as much) task time with the text version. The 
difference was highly significant (p • 0.0195, WSR test). The mean 
values are listed in table 2,. No significant differences were found 
between page-pairs and first or second version. 

The reading and thinking time was measured as the sum of all the 
times which expired between a subject finishing to manipulate one 
annotation or page and starting to manipulate the next annotation or 
page, as can be seen in figure 8. There may be a measuring error in this 
procedure because subjects could read the text and think about the text 
or about making an annotation during the intervals that they were assumed 
to be manipulating annotations. The size of this error is unk.nown, but 
it is not very likely that subjects did these things while making an 
annotation. From now on the reading and thinking time will be referred 
to as "reading time". 

subject: finishes starts to skips 
recording record an finishes between 
an annotation annotation recording pages 

time •• 1 1 1 1 ---<---reading----> <--maki ng--> <--reading---> 
time time time 

Figure 8. Examples of reading and making times on a 
time scale with user actions. 

. . 

As might be expected, there was no significant difference between 
the reading times for the speech and text version, though the mean was 
somewhat higher for the text version (see table 2.). Again, no 
differences due to the page-pair and the first or second version were 
found. 

3.3.3 Making Times - By subtracting the reading times from the total 
task time, the total time that subjects were involved in manipulating 
annotations could be derived. From now on these times will be called 



mean task time 
mean reading time 
mean making time 

annotation system 
speech text 

16:06 (8:43) 
8:21 (5:05) 
7:45 (4:14) 

31:52 (17:59) 
11:18 < 7:34) 
20:34 (12:16) 

Page 24 

Table 2. Kean task, reading and making times (in minutes and seconds) 
with their standard deviations between brackets for the voice and the 
text annotation sy< em. 

"making times", because the main activity during these times was creating 
and recording or typing annotations. The times the subjects were 
listening to or reading their annotations are included in the making 
times, because these activities are considered to be part of the process 
of making an annotation. 

3.4 Interview Data 

The answers the subjects gave to the questions which were posed after 
they had done their tasks are treated in the order that they were posed. 
For each question there is a separate section which starts with the 
question itself. The questions, also given in their original Dutch form, 
are listed in appendix D. All 15 subjects answered question 1, for the 
other questions only the answers are used of the 12 subject for whom at 
least partial event data are available. 

3.4.1 Usefulness -

1. Do you think that annotation is a useful function 
(or would you rather write your remarks on paper?) 

The reliability of this question is questionable, because the reference 
to annotating on paper that it contains makes it somewhat ambiguous. But 
in cases where problems arose, some explanatory remarks made clear what 
its intention was. 11 subjects found annotation a useful function. Some 
of these subjects made a distinction between long remarks about the 
contents of the text and short remarks about typing errors etc. Three 
subjects thought annotation on the computer only useful for long remarks, 
while two subjects thought so for short remarks. 

Three subjects said that they would rather make annotations using 
pencil and paper; one subject would rather use pencil and paper for short 
remarks on typing errors only. 



3.4.2 Preferences -

2. Which version did you like to use most, the voice or 
the text version? and why? 
-what do you prefer to do:-speak or type annotations? 

-listen to or read 
annotations? 

(if you do not take aspects of controlling the 
systems into account) 
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Eight subjects liked the voice version best and four preferred the text 
version. There was a great variety of reasons for the preferences. They 
are listed below; the numbers between brackets specify how many subjects 
mentioned a particular reason. The reasons in favour of the voice 
version included: 

less reading is necessary (1), 
complete sentences are used more easily in the annotations (1), 
it is faster (3), 
less restrictions by control requirements were felt (1). 

In spite of the suggestion not to take aspects of controlling the systems 
into account some subjects mentioned the greater ease of control (not 
having to type, less buttons necessary for controlling the system, less 
movements with the mouse, less commands) as an important reason. 

Reasons fora preference for the text version were: 

for the speech version you must start to work in a different 
framework, because you are already reading it is easier to type (1), 
it is easier to think about the contents of the annotations (1), 
it is easier to make changes to annotations (1). 

Six subjects preferred speaking over typing as a means to make 
annotations, five preferred typing, -and one subject had no preference for 
one of the two. Some reasons they gave for this are: 

it is faster (1), 
- you don't need any typing skill (2), 

errors are not very serious (don not always need correction) (1), 
the page does not become invisible (partly) (1), 
you can concentrate on the page while making the annotation (1). 

Preferences for typing were based on (among others): 

typing is more natural (1), 
- with speech you have the tendency to listen to the annotations you 

just made (1), 



- you can directly see whether the annotation is error free (2), 
it is easier to spell out words (1), 
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in speech speaking errors caused by thinking are recorded, and 
sometimes one starts by saying words one did not intend to say (2). 
in speech one feels a greater need to be polite, in text shorter 
formulations are tolerable (1), 
one has thought over the contents of text annotations better (2). 

Six subjects preferred listening to annotations over reading them. 
Two subjects preferred reading and two had no preference for one of the 
two versions in this respect. For two subjects no answer was obtained 
for this question. Some reasons fora preference for listening were: 

it is faster (3), 
the text does not become invisible (partly) (1). 

The subjects who preferred reading mentioned the following reasons 

it is less ambiguous (1), 
you can see it faster (2), 
speech is more volatile, so you easily miss something, especially in 
long annotations (2). 

3.4.3 Typing Skill -

3. Do you have much experience - in werking with computers? 
- with text editors? (how 

many different ones did 
you use?) 

How is your typing skill? (how many fingers 
do you use?) 

Three different things were asked here, but for each subject these three 
measures were highly dependent on each other. Much experience in werking 
with computers was almost always accompanied by much experience with text 
editors and a good typing skill, and the opposite was true too. For this 
reason it was decided to take only one measure from this question. 
Typing skill was chosen for this purpose, because it was the most 
relevant one, but one might call it 'computer skill' as well. 

Because the answers were rather subjective, it seemed safest to 
divide the subjects into only two groups: poor/average typists and 
skilled typists. Skilled means in this respect: fast, but not 
necessarily blind or with 10 fingers. Among the 12 subjects for whom at 
least partial data became available there were 7 poor/average typists and 
5 skilled typists. 
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The typing skill is only really interesting if it is related to 
other dependent variables. For the 8 subjects of whom complete data were 
recorded there was no clear difference in the number of times skilled 
typists played back their voice annotations and the number of times 
poor/average typists did this. 

lf we compare the different preferences of a subject with bis typing 
skill, at a first glance it seems that the typing skill does not 
influence the preferences for speaking or typing, and listening or 
reading annotations. However, the preferences for the two versions of 
the annotation system do indeed seem to be influenced: poor/average 
typists all like the speech version best, while among skilled typists 
there is no tendency to prefer one version over the other. The tables 3, 
4 and 5 show how the preferences were distributed over the two typing 
skill classes. 

typing skill: 

poor/average 

skilled 

preference for: 
speech version 

5 

3 

text version 

0 

4 

total 

5 

7 

- ---------------------- ---- -- ---------------- -- -- --

total 8 4 12 
- -- -- --- - ------- -------------------

Table 3. Typing skill and preference for version of annotation system. 

-----------------

preference for: no 
speaking typing preference total 

typing skill : 
-------· 

poor/average 2 2 1 5 

skilled 4 3 0 7 

-------·- - ·- ·----------------

total 6 5 1 12 

----------- -- --- ---- - -- -

îable 4, îyping skill and preference for speaking or typing annotations. 
----------- ----
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preference for: 
speaking typing 

no 
preference total 

typing skill: 

poor/average 

skilled 

total 

2 

4 

6 

2 

2 

4 

1 

1 

2 

Table 5 . Typing skill and preference for listening to or reading 
annotations. 

3.4.4 Learning To Use The Systems -

4. Did aspects of controlling the systems still bother you 
towards the end of the task? 

5 

7 

12 

By the answers to this question an impression was obtained of how well 
the subjects had learned to use the annotation systems during their 
rather short contact with them. None of the subjects had still problems 
using the voice annotation system towards the end of the task. Some 
subjects did still have problems with the text version by then. Many 
subjects said that it had been easier to learn the speech version than 
the text version. 

It is very likely that the subjects had already learned most of what 
they needed by the time they finished the exercise and started the actual 
task. It turned out that subjects had very few questions after they 
finished the exercise, and hardly any additional information had to be 
given. Another indication that they had learned what they needed during 
the exercise is the fact that they hardly ever returned to the manual 
page while doing the actual task. This can be seen in figure 9. In the 
speech version only one subject took a look at the manual page just once; 
in the text version the number of times that this happened was very small 
as well, but here some influence of learning which took place while using 
the speech version, on using the text version, which was in those cases 
the second version, can be noticed. 

3.4.5 Size Of The Annotation Window -

5. Was the size of the annotation window alright? 
Was it big enough? 

The purpose of this question was to find out whether the subjects had 
felt limited by the size of the annotation window while making their text 
annotations. This might have influenced the length of the annotations. 
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Figure 9. Average number of times subjects took a look 
at the manual page while using the first version and 
the second version (n • 4 for both groups). 

All subjects thought the annotation window was big enough. 
said that it should be smaller, so that it would hide a smaller 
the page. 

3.4.6 Recording 'strategy' -

6. What was your 'strategy' for recording annotations: 
A-did you first think of what to say and then 

start the recording and express the annotation, 
or B-did you start the recording at once and think 

of what to say while speaking? 
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Some even 
part of 

Of the 11 subjects who answered this question, 8 said to have followed 
strategy A. The other subjects followed strategy B. Some subjects 
expected their strategy to change from A to B after gaining more 
experience with voice annotation; one subject said he had the tendency to 
use strategy B but forced himself to use A. One subject ascribed bis 
usage of strategy A partly to the preparation times of the system before 
a recording could be started. For one subject no answer was obtained for 
this question. 
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3.4.7 System Response Times -

7. Did it sometimes occur that you had to wait too 
long fora system response? 

All twelve subjects except one thought the text annotation system too 
slow. The one who did not think so said that he had still too many other 
difficulties to be bothered by the response times. The long response 
times occurred while opening annotation windows, typing the first 
characters of an annotation and moving annotation windows over the 
screen. The speech version was rated as sufficiently fast by almost all 
subjects. Some subjects thought that they would rate it as too slow if 
they had more experience with the system, others expected the response 
times of the speech version to stay acceptable with growing experience. 

3.4.8 Mental Load -

8. What do you think caused a higher mental load on 
you: making voice annotations or making text annotations. 

For this question the subjects were asked not to take into account 
aspects of the interfaces of the annotation systems. Six subjects found 
that making voice annotations caused the highest mental load for them; 
the other six found making text annotations most straining. Reasons why 
annotating with speech was rated as most loading were: 

- because you can not see what you have said, you must 
keep it inside your head (especially if the wording 
is important), 

- it is very hard to make changes to voice annotations, 
- a feeling of having to speak economically (probably 

because this subject thought that the speech would use 
up much computer memory), 
extra attention for the wording which is necessary 
while speaking, 

- having to take cart that you speak clearly. 

Reasons why text annotation was rated as most loading: 

the wording is more critical (the receiver is more 
likely to copy the annotation literally), 
the position of the annotation symbol is more critical 
(in voice annotations you can more easily describe to 
which part of the document the annotation applies), 
you must do more work for it, 
"it is less direct" (this subject may have intended to 
say that more effort is needed to grasp the meaning 
of a text annotation). 
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3.4.9 Experience With Dictation Equipment -

9. Do you have experience in working with 
dictation equipment. 

Only some of the subjects were asked this question, because the question 
only came up after some experiment& had already taken place. Only two 
subjects had experience with dictation equipment. They both found it 
very hard to use, because it is hard to express complex sentences 
correctly while speaking. They did not have this problem to the same 
extent using the voice annotation system. The main reason for this was 
that voice annotations are much shorter than texts that are made with 
dictation. For future research it may be interesting to look at the 
influence of experience with dictation equipment on annotation with 
speech, and at what can be learned from dictation experience with regard 
to human-computer interaction with speech in general. 
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4 CONCLUSIONS AND RECOMMENDATIONS 

The results will be discussed and conclusions will be drawn with an eye 
on the three aspects of ergonomics that were mentioned in the 
introduction: the comfort, effectiveness, and efficiency of the user of 
the system. 

comfort: 

From the answers to the interview questions it turned out that the 
text version was much harder to use than the speech version of the 
annotation system. This would, presumably, even be the case if the 
difficulties with the text editor for the text annotations are not taken 
into account. 

This finding is 
twice as much time 
as for learning the 
subjects consulted 
version. 

confirmed by the 
for learning the 
speech version 
the manual page 

finding that subjects took almost 
text version as their first version 
as the first version, and that 

more often when using the text 

the 
they 
even 

Subjects also said that they did not have many problems controlling 
system by the time they finished the task. From the number of times 
consulted the manual pages it may be concluded that they did not 
have problems any more when they started the task. 

A remarkable finding is that subjects took more time to learn the 
text version if they had had the speech version first than if they used 
it as the first version. This is interesting in the light of a finding 
by Potosnak & Van Nes (1984). In their experiment subjects who used the 
speech of an experimental system first, had a higher genera! impression 
of the system, and rated the system as more useful, more fun to use and 
more interesting. Perhaps in our experiment the subjects were more 
motivated to learn the text version after they had used the speech 
version, which may explain why they spent so much more time on learning 
it in that situation. 

effectiveness: 

There seemed to be no difference between the two versions of the 
annotation system as to how effective the subjects performed their tasks 
with them. A dependent variable in this respect was how often an 
alternative for the annotated text passage was given in annotations. 
This measure gave exactly the same value for both systems. 

In neither of the two annotation systems subjects put more 
information elements in their annotation. In speech annotations slightly 
more references to single characters or words seemed to be given, but 
these are a form of redundant information, because they duplicate 
information which is already given by the position of the annotation 
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symbol. Therefore these extra information elements do not contribute to 
the annotation's effectiveness. 

efficiency: 

From the registered event data it can be concluded that while making 
text annotations subjecte spent slightly more time reading and thinking 
(not manipulating the annotation system in some way) than they did while 
making voice annotations. lt is hard to believe that this is solely 
caused by the longer response times of the text version because the 
response time are generally part of the annotating times. An explanation 
may be that annotating with text annotations binders the reading process 
more: subjecte must look to other parts of the screen, and are 
distracted from their normal reading fora longer period of time. Making 
text annotations took longer than making voice annotations. 

Voice annotations contained more references to single words and 
characters of the text which were to be annotated. These references are 
in fact useless information, because the annotation symbol already points 
to the word or character which is annotated. So in this respect subjects 
tended to give more redundant information in their voice annotations. 
This may be one of the reasons for the voice annotations being about 
twice as long as text annotations on the average. 

Subjects voluntarily used more words with speech, but they did not 
really give more information. From this it might be concluded that a 
command language which is used in speech may contain more verbose 
expressions. E.g. no codes or abbreviations need to be used then for 
command driven user interfaces, as is often the case nowadays in systems 
for which the commands must be typed. 

Ina condensed form the conclusions are: 
Subjecte worked more comfortably with the voice annotation system; 
there were no clear differences in the effectiveness; 
making voice annotations seemed to be more efficient: longer annotations 
(which did, however, not contain more information) were produced in less 
time. 

4.1 Suggestions For Further Experiments 

A very important aspect of annotation which is not covered in this report 
is the process of receiving annotations. Some subjecte even hesitated to 
give their preference to annotating with speech because they wondered 
what voice annotation would mean for the receiver of the annotations. 
There are different variables which could be considered in an 
investigation on the receiving side: 

compare how long and how often subjects listen to voice 
annotations, and how much time they spend reading text 
annotations, 



- have subjects react on annotations by making changes 
in the text to which they apply, or by making their 
own reaction annotations. Compare the reaction to voice 
annotations and text annotations, 
consider some more emotional and social aspects like the 
importance of recognising the speaker of an annotation, 
the importance of the intonation of a voice annotation, 
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Maybe the distinction between reading as a parallel process and listening 
as a sequential process is relevant here. Experiments for this 
investigation could be done in a set up which resembles the set up of the 
investigation which is reported here. 

Experiments can be done in which subjects have a free choice between 
voice and text annotations. Maybe their spontaneous choice of one of the 
two modalities for making annotations or receiving annotations is the 
best indication for their preference. For this purpose an annotation 
system is needed in which both annotating with speech and with text is 
instantly possible; it is not very difficult to generate such a system 
from the two present systems. A final subject which might be interesting 
to look at is the influence of the presence of other people when a 
subject is annotating a text with voice annotations. 

In future experiments dependent variables could be the number of 
annotations which are made, the length of the annotations, and the 
difference between the time that is needed to make them and the total 
duration of the voice annotations, which is presumably spent on thinking 
about the wording of the annotations. 

If more events in the interaction between user and annotation system 
were registered during the making of text annotations, like the making of 
corrections, a closer comparison could be made between the processes of 
making voice annotations and making text annotations. 

Maybe subjects for new experiments can be found in some publication 
committee. Perhaps the set up could be around the process of creation of 
some articles for the new IPO Annual Progress Report. 

In addition to the -scarce- literature about interaction with 
computers by means of speech probably interesting information can be 
found in the literature which is available about the use of dictation 
equipment. 

There are a few other, loosely related, areas where useful 
information might be found. In literature about the discussion about 
subtitling and dubbing foreign films in fact the question whcih is 
complementarty to the question of this study is asked: do people prefer 
to read information or would they rather hear it. And in the market 
research for telephony interesting findings about sending messages may be 
found where telephony is compared to letter writing. 
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4.2 Improvements To The Annotation Systems 

There were several aspects of the user interfaces of the annotation 
systems which may have affected the outcomes of the experiment; these 
were already listed in section 2.2. 

Making the systems faster would be one of the most important 
improvements. In the case of the speech version this could be done by 
using digitally stored speech which can really be accessed randomly. The 
text version should rely less on the suntools layer of the Sunwindows 
system in order to make it quicker. More basic routines should be used 
to depict annotation windows on the screen. Additionally a smaller 
editor should be used for the text annotations, which can be started up 
quicker. 

A different editor for the text annotations is also needed to get 
rid of the awkward user-interface of Vi. It should only have a few basic 
functions, like inserting, deleting and it should not need an extra 
cursor. These functions should be operated by means of the mouse in 
combination with menus, and if this is not possible, by function keys. 

There are also some improvements possible which make the life of the 
experimenter somewhat easier, by making the management of the system 
files automatic. For the text version this can be done by storing all 
system files in a directory "/usr/textannsystem/documentname/ ...... The 
program must ask the user for the documentname. The voice version should 
store its system files in a directory 
"/usr/voiceannsystem/tapename/documentname/ •• ". For each tapeside the 
directory should be generated automatically if it does not exist and a 
"recpos" file (refer to appendix A for explanation) should be put into 
this directory automatically then. 
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APPENDIX A 

IMPLEMENTATION OF THE ANNOTATION SYSTEMS 

In this appendix it is assumed that the reader has some knowledge of the 
Unix operating system, the programming language 'C' and the Vi editor. 
There are several manuals available for the Sun system which can give the 
information needed. For the 'C' programming language one is referred to 
Kernighan and Ritchie (1978). 

A .1 THE GENERAL STRUCTURE 

The programs which implement the voice- and text-annotation systems are 
based on the Sunwindows package. Mainly functions from the Suntools 
layer of this package are used. The programs build tools which have a 
large subwindow for displaying the text of the pages and the symbols of 
the annotations which are attached to it. The subwindow is a graphics 
subwindow, i.e. graphical information like pictures etc. can be 
displayed in it. This kind of subwindow was chosen because text and 
annotation symbols can be displayed simultaneously in the same window. A 
small message subwindow occupies the bottom of the tool's window for 
displaying the state of the annotation system and asking the user for 
confirmation on certain matters. Some figures in the section "equipment 
and software" of this report show the actual arrangement. 

The function "main" of these programs is almost the same as that for 
any other tool. These main functions and their primary handlers of all 
input, the "selected" functions of the graphics subwindows, are listed in 
the files voiceann.c and textann.c, respectively. Verslons of these 
programs which communicate in the Dutch language with the user can be 
found in spraakann.c and tekstann.c. 

The annotation systems are built around three types 
documents, pages and annotations. How these are stored in 
two verslons is shown in figure 10 and figure 11, and will 
in the following sections. 

of objects: 
files in the 

be described 
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Figure 10. The files for the text-annotation system 
and their relations. A document consists of several 
linked pages; for each page there is a page file 
which contains pointers to the neighbouring pages and 
the text of the page, and a "page.anns" file which 
contains the number of annotations for the page, and 
for each annotation the position of the annotations 
symbol and window, and a pointer to the contents of the 
annotation. These pointers are the names of the files 
which contain the texts of the annotations. 
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Figure ll. The files for the voice-annotation system 
and their relations. The only difference with the 
text-annotation system is that the pointers to the 
contents of the annotations are positions on a cassette 
tape now, instead of filenames. 
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A.1.1 Docunents 

Docunents consist of pages. For each page a file named "pagename" 
exists, where pagename is the name of the page. The first word in this 
file is the name of the previous page (relative to this page) and the 
second word is the name of the next page. The rest of the file is 
displayed on the screen as the page, with a maximum of 38 lines. On 
every change of pages by the user, first the two linking words to the 
neighbouring pages are loaded for the next change, and then the new page 
is displayed on the screen. 

Which docunent will be treated is determined by the name of the 
first page that the user has to give when he/she starts the program. 

A.1.2 Pages 

The storage of annotations is organised per page. For each page there is 
a list of annotations in the file "pagename.anns", which contains the 
positions of the symbol and the window of each annotation, and a 
reference to the contents of the annotation. This is the link between a 
page and its annotations. For the page which becomes visible on the 
se reen ( the contents of the file "pagename" are displayed), the file 
"pagename.anns" is loaded into an internal list of annotations (annlist). 
The symbols of the annotations are then displayed on the page. 

A.1.3 Annotations 

In the text-version there is a file named "pagename.txxxyyy'' for each 
annotation, where "pagename" is the name of the page on which the 
annotation is made, and xxx and yyy are the coordinates of the annotation 
on this page. This file contains the text of the annotation, and was 
created by Vi. lts name is the contents-reference of the annotation in 
the file "pagename.anns". The file only exists if the user bas typed 
text for the annotation, otherwise Vi doesn't create the file. 

In the speech version there is a recording on the cassette-tape for 
the annotations which have been filled. This recording is played back if 
you want to hear the annotation. lts reference in "pagename.anns" is the 
string "MMSS.mmss", where MMSS and mmss are the begin and end position of 
the recording on the tape, respectively. They are expressed in minutes 
and seconds of playing time. If the user didn't make a recording for the 
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annotation yet, its reference in the •• .anns" file is "empty". 

A.2 THE FUNCTIONS 

The definitions of data-structures and functions are grouped together, 
according to the part of the system they take care of, in several 
include-files. These files will be treated in the following paragraphs. 

A.2.1 The Page Subsystem 

The file "page.h" contains the global definitions for the strings which 
will contain the nam.es of the current, the previous, and the next page. 
Besides that it contains functions for displaying a different page on the 
screen, and for repairing @'damage' to the page (i.e. apart of the page 
which was overlapped by some other window and should be made visible 
again) which was, for instance, caused by a disappearing annotation 
window. 

A.2.2 The Annotation Subsystem 

The file "annotation.h" contains the global definitions for the structure 
in which annotations are stored, and the annlist, which is an array of 
pointers to @instances of this structure. There are also functions in 
it, that take care of displaying the annotation symbols in several ways, 
finding certain annotations in annlist, and writing annlist to a 
"pagename.anns" file and reading a new annlist from another .anns file if 
a new page should be displayed. 

The files "voiceann.h" and "textann.h" contain functions which are 
specific for the speech- and the text-version, respectively. These 
functions are for making and deleting annotations, and for testing 
whether they indeed contain any information. Dutch versions of the 
functions which interact directly with the user are listed in the files 
"spraakann.h" and "tekstann.h". 

When an annotation window must be opened, the program which is 
listed in the file "annwin.tool.c" is started (actually it is forked). 
This program builds a tool in which a tty-subwindow appears. In this 
subwindow the editor Vi is running. Vi displays and allows you to edit 
the text of the annotation you opened. The tool destroys itself if the 
user quits from Vi, and the annotation window disappears. 

The file "speechio.h" provides a number of utility functions which 
are used in the functions from voiceann.h. They are necessary for the 
interaction with the user. The file "tape.h" contains the data 
structures and the function "tapectl" which are necessary for controlling 
the Tandberg cassette recorder. The function "tapectl" is called in the 
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functions which take care of recording and playing back annotations. 
These functions can be found in "voiceann.h". 

A.2.3 The Registration Subsystem 

The file "spy.h" contains the function which registers time-stamped 
events in the interaction with the user. The data are stored in a file 
called "subjectname.spy", where subjectname is the name which bas to be 
typed as the answer to the question "who is the poor subject?". This 
question appears on the screen when the annotatio.n program is started. 
The data which are produced this way can be inspected with the programs 
"show" and "addshow". "Show" takes the name of the spy-file as its only 
argument and displays the decoded data on the standard output stream 
'stdout'. Addshow only displays the events asked for with the 
event-codes ( to be found in the file "spy.codes") that were typed as 
arguments after the name of spy-file, and additionally gives the sum of 
all durations of these events. lt prints a short line where other events 
separate the events which are to be displayed. As an example of its use, 
figure 12 shows the output to the command "addshow bouwhuisls .spy 24 25". 
The identification codes for the different events with a short 
description of the event can be found in appendix E (a simple deletion is 
a deletion for which no user-confirmation was required because the 
annotation which was to be deleted contained no information). 

There are two ways to turn the automatic registration of 
time-stamped events off. The quick way is to include the file "nospy.h" 
instead of the file "spy.h" in the source file which contains "main", and 
compile the program again. How compiling is done is described in the 
next paragraph. The spy-ing functions become inactive then. The 
spy-system can be simply re-installed again by including "spy.h" instead 
of "nospy.h". 

The more rigourous way is to delete every call to a spy-function 
from the source files and include no spy-includefile at all. This way 
does not allow returning to the old situation easily. 

A.3 THE STARTING PROCEDURES 

This paragraph is a kind of manual, intended to enable the reader to 
start the annotation systems. 

The source files for the annotation programs are in the directory 
"/usr/ a/vanlingen". The English verslons are called "voiceann.c" and 
"textann.c", the Dutch verslons "spraakann.c" and "tekstann.c". You can 
obtain an executable program "voiceann" (compile it) by, for instance, 
giving the command "make.voiceann" (to do this type make.voiceann<RETURN) 
). For the interested reader: this command is a shell-script which is 
in the same directory; you can take a look at it. In order to be able to 
start the program from other directories (via a search-path), you must 
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.bouwhuisls -- Thu Jun 13 16:50:32 1985 

25 c delete voiceann cnf asked 

24 a simple delete voiceann 

25 • delete voiceann cnf asked 

24 a simple delete voiceann 
25 c delete voiceann cnf asked 

25 a delete voiceann cnf asked 

24 = simple delete voiceann 

24 c simple delete voiceann 

event 
24 a simple delete voiceann 
25 • delete voiceann cnf asked 

- 1010.1015 

- empty 

- 1015.1018 

- empty 
1018.1019 

- 1019.1021 

- empty 

- empty 

nr occ 
4 
4 

total time 
234.78 
530.48 

on 

423.92 

436.84 

467.24 

522.24 
525.08 

598.40 

730.52 

765.26 

mean 
58.69 

132.62 

Figure 12. The output which is printed on 'stdout' for 
the command "addshow bouwhuisls.spy 24 25". The first 
line identifies the experimental case. In the 
following lines the first number identifies the user 
action, the string describes this action, the string 
after the"-" identifies the object on which the action 
was performed, then the elapsed time since the start of 
the session follows and finally the time which elapsed 
since the previous selected event. The .. ________ _ 

after 

423.92 

12 .92 

30.40 

55.00 
2.84 

73.32 

132.12 

34.74 

lines represent non-selected events. The last lines 
summarise the number of times the selected events 
occurred and the total and mean durations of the 
intervals they ended. ___________ _:_ __________ ··· -- ·-- ··-·----·- --- - ------· 

logout and login the system after you compiled the program. 

The annotation program can now be started from the directory 
"/usr/a/vanlingen", or any other directory if you have a search-path set 
to this directory. Make sure that the files which contain the pages that 
must be annotated are in the directory from which you start the program. 

You can start the Dutch version of the text-annotation program by 
typing spraakann<RETURN>. As the answer to the question that is 
displayed you must then type the name of the first page that must be 
displayed in the tool, followed by a (RETURN). The second question you 
answer with the name of the subject. The name of the registration file 
will be "subjectname.spy". After another <RETURN> the tool window will 
appear with the first page displayed in it, and you can start using the 
tool with the pop-up menus. 
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Before starting the voice-annotation program you must first check 
whether the cassette recorder is turned on, and that there is a file 
called "recpos" in the directory from which you start the program. This 
file must contain the position on the tape were the next recording must 
begin, in the format MMSS (Minutes and Seconds). A recpos-file for a 
fresh tape may, e.g., contain 0007 (7 seconds from the beginning to avoid 
loosing speech on the non-magnetic first piece of the tape). 

Be sure that the right tape is in the cassette recorder. The best 
strategy is to have a separate directory with a "recpos" file in it for 
each tape-side. 

After this you follow the same procedure as for the text version, 
except that you now type tekstann<RETURN> to begin with. Wait with 
making recordings or playing back annotations until you heard the beep 
that the cassette recorder gives to tel1 you that it initialised the tape 
to the beginning of it. As an example, an interaction to start 
"tekstann" is shown in figure 13. Everything that the user types is 
underlined. 

•> tekstann 
give filename for first page of document: 
intro.t 
who is the subject? 
lam 

Figure 13. An example of the procedure to start the 
tool "tekstann". The symbol '•>' is the Unix-prompt 
chosen in this case. 

A second way to start the annotation programs is starting them as a 
background process. That way you don't get a window which becomes 
inactive and useless after you start the program in it. For this purpose 
you need an input file like the one that is listed in figure 14. It 
contains the answers to the questions the program normally poses, so you 
don't have to give any answers to the succeeding questions any more. 

•> more comm.t 
intro.t 
jansenlt 

Figure 14. A "more" command which shows the contents 
of an input file which is used to start textann as a 
background process. 

The command which starts the program is then: textann<comm.t&. 

All annotation programs are stopped in the same way: select "quit" 
in the tool menu which you get if you point at the black name bar at the 
top of the tool. 
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A.4 THE LISTINGS 

The listings of the programs are not included in this report because of 
their total length. They can be consulted through Dr.Ir. F.L. van Nes 
at IPO Eindhoven. 
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THE TEXT PAGES. 

The text pages which the subjects annotated were divided in two pairs of pages: pair I 
and pair II. Page Ia.: 

-1-
28. Instrumentarium 
- Schrijfmachines worden op naam van de gebruiker uitgegeven. De administratie 
Jerust bij Evers. Per schrijfmachine bestaat er een kaart met de diverse 
gegevens van het apparaat. De naam van de gebruiker wordt op de schrijfmachine 
aangebracht. 
- De voor het onderzoek benodigde apparatuur is in het algemeen binnen de eigen 
groep aanwezig. 
- Wil men apparatuur van andere medewerkers lenen dan moet dat in overleg 
gebeuren en het is vanzelfsprekend dat men deze apparaten zelf weer 
terugbrengt. 
- Mocht een apparaat niet elders in het laboratorium te vinden zijn, dat dient 
men na te gaan of het misschien in het instrumentenkabinet (kamer 213) aanwezig 
is. Hiervan heeft de magazijnmeester de sleutel. Heeft men het apparaat 
gevonden en wil men het uit het instrumentenkabinet halen, dan dient dit via 
Bolkestein te gebeuren. 
- Is een apparaat niet op het IPO aanwezig dan kan men proberen het in 
bruikleen te krijgen (voor een tijdvak van enkele maaanden) via instanties op 
het Nat.Lab. t.w.: bij van Vroenhoven (42855). 
- Is het nodig apparatuur aan te schaffen dan dient dit via L. Willems te 
geschieden. Men dient er rekening mee te houden, dat voor apparatuur boven fl 
12.500,-- een procedure bestaat die vereist, dat het bewuste stuk apparatuur al 

( _s vooraangemeld (in september van het jaar voorafgaande aan de besteldatum). 
- In een aantal gevallen is het nodig apparatuur zelf te ontwikkelen. Men dient 
hiervoor contact op te nemen met Engelen. Voor opdrachten van enige omvang is 
het noodzakelijk de eisen waaraan een apparaat moet voldoen, vast te leggen in 
een eisenblad. Voor het in eigen werkplaats vervaardigen van apparaten moet 
contact worden opgenomen met Bolkestein. Prioriteiten voor het ontwikkelen en 
maken van apparaten die niet aanwezig zijn en gekocht kunnen worden worden via 
L. Willems in de contactbespreking vastgesteld. 
- Bepaalde apparatuur kan, onder omstandigheden, door vaste medewerkers voor 
eigen gebruik worden geleend, doch niet zonder dat bij Bolkestein een leenbon is 
ingevuld en ondertekend. Zie voorts 34 'Lenen apparatuur'. 
- Optische materialen en apparatuur zoals lenzen, lichtmeters e.d. zijn 
geconcentreerd binnen de visuele groep. Zij worden beheerd door mw. Boesten. 
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Page I b.: 
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33. Octrooien en copyright en beveiliging van software 

Nieuwe toepasbare ideeen uit het onderzoek worden als uitvinding aangemeld op de 
formulieren die daarvoor bij het secretariaat verkrijgbaar zijn. Voor Philips 
en THE uitvinders verschilt de behandelingsprocedure enigszins - wel loopt deze 
steeds via de Philips octrooi-afdeling. Zolang een aangemelde uivinding in 
behandeling is mogen daarover naar buiten geen mededelingen worden gedaan. 

Software gaat een steeds groter deel van de inspanning en output van het IPO 
vertegenwoordigen. Het lijkt daarom zinvol dat alle medewerkers van het IPO 
zich hiervan bewust zijn en zuinig met software omgaan. 
Dat kan gebeuren door: 
- Computertapes met programma's of data uit de VAX mogen alleen door de 

systeembeheerder (Frits Niesen) worden gemaakt. 
Telefoonverbindingen mogen alleen tot stand komen met medeweten van van de 
systeembeheerder. 
Speciaal gevoelige programma's (i.v.m. octrooi-aanvragen, samenwerking met 
anderen, het vele werk dat ze gekost hebben, etc.) moeten door de medewerker in 
speciale directories (AKOFON, COGCOM, VISGRO) worden geplaatst met file 
protectie (ontoegankelijk maken voor groep en world). 
Het password echt hanteren, d.w.z. een geheim password gebruiken en dat elke 
week wijzigen. 
NB: De password zijn vrijwel de enige bescherming om al of niet toegang tot de 
computer te krijgen. 
Door in alle programma's een copyright-zinsnede op te nemen. 
Deze moet luiden: 

COPYRIGHT - JUNE 1985 
INSTITUTE FOR PERCEPTION RESEARCH, IPO 
EINDHOVEN, THE NETHERLANDS 

Dit is aan te bevelen voor alle (ook al bestaande) programmatuur: in Fortran, 
Pascal en Assemblers incl. microprocessoren, enz. Het opnemen van deze tekst in 
een programma vormt op zich geen bescherming, maar het is bekend dat zonder 
deze tekst in elk geval geen bescherming mogelijk is. 
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8. Komen en gaan 

Bij binnenkomen en verlaten van het gebouw moet het presentiebord worden 
gebruikt. Daarmee worden aankomst- en vertrektijden geregistreerd. 
Alvorens te vertrekken: 
- controleert men of de onderramen gesloten zijn (handle naar links! 1) 

schakelt men de spanning uit in de ruimte(n) waar men gewoonlijk werkt 
- dooft men de verlichting 
- doet men de kamerdeur dicht (brandweervoorschrift) 
- degene die als laatste de gang verlaat schakelt de hoofdschakelaar in de gang 
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uit. Om te zien of er nog medewerkers in de gang aanwezig zijn kan met op het 
presentiebord controleren of er nog lampjes branden bij namen van medewerkers 
uit de gang. 

Voor de begane grond geldt dat het ongewenst is als dure en 'verleidelijke' 
apparatuur (recorders, projectoren) open en bloot, d.w.z. van buiten zichtbaar, 
blijft staan. 
Het uitschakelen van computersystemen dient te geschieden overeenkomstig de ter 
plaatse aanwezige voorschriften, maar bij mogelijk problemen kan men advies 
vragen aan de contactpersoon voor computers (zie 18). Als men als laatste het 
gebouw verlaat dooft men de verlichting in de gangen. Iedereen die na 18.00 het 
gebouw verlaat via de fietsenkelder zorgt er voor, dat de deur van de fietsenkelder 
goed in het slot valt, zodat de deur van buiten af niet meer is te openen. 

Hij die als laatste het gebouw verlaat of wie buiten werktijd heeft gewerkt, 
controleert of de ramen zijn gesloten en, na sluiten van de deur naast de 
automatische schuifdeur dan wel de deur van de fietsenkelder, of deze inderdaad 
in het slot is gevallen. 
Vermissingen of verdacht zaken (vermoedens van braak) moeten aan Melotte worden 
gemeld. In dat laatste geval mag niets worden aangeraakt. 

·1. Secretariaat 

Het secretariaat behandelt en beheert alle administratieve zaken, die het IPO 
als geheel betreffen, alsmede een belangrijk deel van de administratie van de 
medewerkers. Hoewel het niet mogelijk is om volledig te zijn, kunnen enkele van 
deze belangrijke bezigheden worden genoemd: 
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het verzorgen van alle typewerkzaamheden die betrekking hebben op het 
onderzoek 
het verzorgen van uitgaande correspondentie 
het bijhouden van de 'daily files' (chronologisch archief) van medewerkers 
het verzamelen van kopij voor en het publiceren van de !PO-nieuwsbrief 
het rondzenden van uitnodigingen voor colloquia e.d. 

- het bijhouden van de weekmeldingen aan het Nat.Lab en verzenden van de 
weeklijsten van de THE 
het verzamelen, administreren en doorsturen van reisaanvragen en 
reisdeclaraties 

- het bijhouden van mededelingen op het publicatiebord 
- het beantwoorden van op het secretariaat binnenkomende telefoongesprekken 
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het bedienen van de intercom in die gevallen, dat personen moeten worden 
opgeroepen, alleen in dringende gevallen. Anders wordt een briefje achtergelaten 
het administreren van afwezigheid onder werktijd door vakantie, ziekte e.d. 
het administreren van komst en vertrek en fotograferen van stagiairs, 
afstudeerders en volontairs 
het administreren, verzenden en ontvangen van reproduktiewerk en tekenwerk 
door Basten 
het mede samenstellen van de de !PO-wegwijzer. 
het behandelen van mondelinge en schriftelijke aanvragen van diverse IPO
schrifturen (rapporten, specificaties etc.) 
het verzorgen van lijsten van !PO-telefoonnummers en lijsten met de 
huisadressen van medewerkers 
het typen van het APR en het bijhouden van de APR-verzendlijst 
het administreren van schrifturen in het vademecum 
het bijhouden van het observatorenjournaal en het overmaken van de 
verschuldigde gelden 
de bewaking van de uitgangen van het gebouw m.b.v. monitoren 

De secretaresse verzorgt tevens de archieven en agenda's van enkele groepschefs. 

In het algemeen kan men voor haast alle informatie terecht bij het secretariaat. 
Bovendien zijn ter inzage PTT landelijke telefoongidsen, postcodeboek, het 
spoorboekje, diverse plattegronden, het ANWB handboek en diverse gidsen van de 
THE en andere hogescholen en universiteiten. Een aantal van deze naslagwerken 
is ook in de bibliotheek ter inzage. 



APPENDIX C 

THE MANUAL PAGES 

:'he manual for the voice annotation system: 

Korte HANDLEIDING voor het spraak-annotatie systeem: 

Met dit systeem kunt u gesproken berichtjes (spraak annotaties) opnemen bij 
een tekst, en ze later weer beluisteren. Annotaties worden in de tekst door 
dit symbooltje aangegeven: ~. 

pagina's: 

U ziet steeds 1 pagina van het document op het scherm. De volgende pagina kunt 
u op het scherm zetten door achtereenvolgens: 

-met de muis het pijltje naar een punt op de pagina te laten wijzen 
(maar niet naar een annotatie-symbooltje), 

-op de rechter muisknop te drukken, 
-naar "volgende" te wijzen terwijl u de rechter muistoets ingedrukt houdt 

( "volgende" wordt dan zwart), 
-en vervolgens de muistoets los te laten • 

• \. ie vorige pagina verschijnt als u "vorige" in hetzelfde menu kiest. 

annotaties: 

- Nieuwe annotaties maakt u door naar de plaats te wijzen waar de annotatie bij 
moet horen, en de linker muistoets in te drukken. Het symbooltje verschijnt 
dan, en u kunt de annotatie opnemen. 
- Als u in een annotatie-symbooltje wijst en op de rechter muistoets drukt, 
verschijnt het annotatie-menu. U ziet dan dat u een gesproken annotatie kunt 
opnemen ("opname"), beluisteren ("weergave"), en verwijderen ("schrap"). 
De annotatie aan het eind van deze regel zou u nu kunnen afspelen als voorbeeld: 
- Tijdens het opnemen en beluisteren kunt u de annotatie tijdelijk stopzetten 
door op de middelste muisknop te drukken. Als u nog een keer op deze knop drukt 
gaat het opnemen, dan wel beluisteren verder vanaf het punt waar het onderbroken 
werd. 
- Het opnemen en beluisteren van een annotatie kan op elk moment definitief 
beeindigd worden door vlug twee keer achter elkaar op de middelste muisknop 
te drukken. 



THE MANUAL PAGES 

The manual for the text annotation system: 

Korte HANDLEIDING voor het annotatie systeem: 
Met dit systeem kunt u korte berichtjes (annotaties) toevoegen aan 
een tekst, deze wegbergen, en ze later weer bekijken. Annotaties worden 
in de tekst door dit symbooltje aangegeven: ~. 

pagina's: 
U ziet steeds 1 pagina van het document op het scherm. De volgende pagina kunt 
u op het scherm zetten door achtereenvolgens: 

-met de muis het pijltje naar een punt op de pagina te laten wijzen 
(maar niet naar een annotatie-symbooltje), 

-op de rechter muisknop te drukken, 
-naar "volgende" te wijzen terwijl u de rechter muistoets ingedrukt houdt 

("volgende" wordt dan zwart), 
-en vervolgens de muistoets los te laten. 

De vorige pagina verschijnt als u "vorige" in hetzelfde menu kiest. 

annotaties: 
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- Nieuwe annotaties maakt u door naar de plaats te wijzen waar de annotatie bij 
moet horen, en de linker muistoets in te drukken. Het symbooltje verschijnt 
dan, en u kunt de annotatie openen. 
- Als u in een annotatie-symbooltje wijst en op de rechter muistoets drukt, 
verschijnt het annotatie-menu. U ziet dan dat u een annotatie kunt 
openen ("open") en verwijderen ("schrap"). De annotatie aan het eind van deze 
regel zou u nu kunnen openen als voorbeeld: 
Er kunnen meerdere annotaties tegelijkertijd geopend zijn. 
- Om een geopende annotatie weer te sluiten, moet u het pijltje in de 
annotatie zetten en op de toets [SLUITEN] op het toetsenbord drukken. 
Voor elke handeling met een annotatie moet het pijltje op de annotatie staan. 
- Het toevoegen en wissen van tekst in een geopende annotatie gebeurt op de plaats 
van het zwarte blokje, de cursor. Deze kunt u verplaatsen met de pijltjestoetsen. 
- Tekst in een geopende annotatie typen kunt u doen door, terwijl het pijltje in de 

\ ~nnotatie staat, op [TOEVOEGEN BEGIN] te drukken. De annotatie komt dan in 
de "toevoeg-toestand", en nu getypte tekst verschijnt op de plaats van de cursor. 
De laatst toegevoegde tekens kunt u weghalen met de toets [ <-X ] • 
- Met [TOEV. EINDE] gaat u van de "toevoeg-toestand" terug naar de "opdracht-toestand". 
- In de "opdracht-toestand" kunt u weer de cursor verplaatsen, tekens verwijderen 
met [WISSEN], weer beginnen met toevoegen, of de annotatie sluiten. 
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THE QUESTIONS OF THE INTERVIEW 

1. Had u nog problemen tijdens het uitvoeren van de taak? 

2. Vindt u het annoteren een nuttige functie (of zou u liever bijschrijven op 
een papier?) 

3. Welke versie gebruikte u het liefst, spraak of tekst? en waarom? 
-wat doet u het liefst: annotaties inspreken of typen? 

annotaties beluisteren of lezen? 
(bedieningsaspecten buiten beschouwing gelaten) 

4. Hebt u veel ervaring met het werken op computers? 
met editors e.d. gewerkt (hoeveel verschillende)? 
type-ervaring (hoeveel vingers gebruikt u daarbij)? 

5. Werd u op het laatst nog gehinderd door bedieningszaken? 

6. Was de grootte van het annotation window goed? Was het groot genoeg? 

i •. Hoe ging u te werk bij het maken van opnames: 
-eerst de formulering bedenken en dan de opname starten en de formulering 

uitspreken, 
of -direct de opname starten en formuleren tijdens het spreken? 

8. Vond u dat u soms te lang op het systeem moest wachten voordat u verder kon 
gaan? (responstijden) 

9. Wat kost -mentaal, geestelijk- volgens u het meeste moeite: het maken van 
spraakannotaties of het maken van tekstannotaties? 

10. Hebt u ervaring met het werken met dicteerapparatuur? 
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In English: 

1. Did you have any problems during the tasks? 

2. Do you think that annotation is a useful function (or would you rather 
write your remarks on paper?) 

3. Which version did you like to use most, the voice or the text version? and 
why? 
-what do you prefer to do: speak or type annotations? 

listen to or read annotations? 
(if you do not take aspects of controlling the systems into account) 

4. Do you have much experience - in working with computers? 
- with text editors? (how many different ones 

did you use?) 
How is your typing skill? (how many fingers do you use?) 

5. Did aspects of controlling the systems still bother you towards the end of 
the task? 

6. Was the size of the annotation window alright? Was it big enough? 

7. What was your strategy for recording annotations: 
-did you first think of what to say and then start the recording and 

express the annotation, 
or -did you start the recording at once and think of what to say while 

speaking? 

8. Did it sometimes occur that you had to wait too long fora system response? 
( response times) 

9. What do you think caused a heavier mental load on you: making voice 
annotations or making text annotations? 

10. Do you have experience in working with dictation equipment? 

Page D-2 



APPENDIX E 

THE REGISTERED EVENTS 

~he registered events in the system-user interaction are given below with their 
cod~numbers: 

/* 1 */ "next page to", 
/* 2 */ "previous page to", 
/* 3 */ "open ann window", 
/* 4 */ "simple delete textann", 
/* 5 */ "delete textann cnf asked", 
/* 6 */ "delete textann confirmed", 
/* 7 */ "delete textann cancelled", 
/* 8 */ "record go to recpos .. 

' /* 9 */ "record wait to start", 
/* 10 */ "record ann start", 
/* 11 */ "record replace cnf asked", 
/* 12 */ "record replace confirmed", 
/* 13 */ "record repl ace cancelled", 
/* 14 */ "record pause start", 
/* 15 */ "record pause stop", 
/* 16 */ "record stop", 
/* 17 */ "play go to ann", 
/* 18 */ "play wait to start", 
/* 19 */ "play start", 
/* 20 */ "play pause start", 
/* 21 */ "play pause stop", 
/* 22 */ "play user stop", 
/* 23 */ "play end", 
/* 24 */ "simple delete voiceann", 
/* 25 */ "delete voiceann cnf asked", 
/* 26 */ "delete voiceann confi rmed" , 
/* 27 */ "delete voiceann cancelled", 
/* 28 */ "text repaired", 
/* 29 */ "end of session", 
/* 30 */ "useless MS-MIDDLE", 
/* 31 */ "cancelled MENU", 
/* 32 */ "annwindow closed" 



APPENDIX F 

STORAGE OF THE EXPERIMENTAL DATA 

7 .1 THE DATA WHICH ARE STORED 

This appendix describes which experimental data are stored in the Sun computer, and how 
they can be reached and used. Two kinds of data are stored in the Sun: the annotation 
data and the event data. For both kinds it is described here in which directories they 
can be found and what is the best way to access them. For extra information on the 
file structure of the annotation systems and the way to start these systems one is 
refered to Appendix A of this report. 

F.2 THE ANNOTATION DATA 

The annotation data consist of files which contain the text annotations and transcribed 
voice annotations, and system files for these annotations which contain the number of 
annotations and positions of the annotations for each text page (for each page a 
"pagename.anns" file). These files exist for each subject. The files for the text 
annotations can be found in the directory /usr/a/vanlingen/run/subjectname and for the 
voice annotations in /usr/a/vanlingen/runs2/subjectname. 

The contents of the text annotations you can find in the files which are called 
"pagename.t<6-number-position>". The contents of all voice annotations a subject made 
can be fo\llld in one file which is called "subjectnaD;le.zei". Here the annotations are 
identified by their position on the tape, just as in the "pagename.anns" files. The 
actual voice annotations, in their spoken form, can be fo\llld on the tape which is 
labelled "runs2". 

The most convenient way to access the data is to reconstruct the state of the 
annotation system as it was left bebind by the subject after the task. For the text 
version this involves the following actions: 

copy the "pagename.anns" and "pagename.t(position>" files 
for the subject to the directory "/usr/a/vanlingen/run", 
where the page files already are, 
link the right page files to each other by means of the 
first two words in these files, 
start the text annotation system with one of the above 
pages as the initia! page. 
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For the speech version the following actions are needed: 

- copy the "pagename.anns" files for the subject to the 
directory "/usr/ a/vanlingen/ runs2", 
link the right page files to each other by means of 
the two words in these files, 
put the tape which is labelled "runs2" in the Tandberg 
cassette recorder, 

- start the voice annotation system with one of the above 
pages as the initial page. 

F.3 THE AUTOMATICALLY REGISTERED DATA 
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The data which the annotation systems automatically registered during the tasks are 
stored in two kinds of files. The first kind is the group of files which are called 
"subjectname-sessioncode.spy". These contain all the registered events of a certain 
session, including those of the periods that the subject was exercising. The session 
code consists of two characters; the first one, a number, indicates whether the file 
contains the data of the first or the second session of the subject. The second 
character, a letter, indicates with which version of the annotation system the subject 
was working in that session: the speech version or the text version. 

The files of the second kind are called "subjectname-sessioncode.spy.task". These 
only contain the events which were registered during the execution of the subjects' 
real task: the annotating of two text pages. These files only exist for the eight 
subjects for whom complete data could be obtained. 

The files of both kinds are to be found in the directory "/usr/a/vanlingen/spy". 
You can get the event data in a readable form w1 th the aid of the programs "show" and 
"addshow". How to use these programs is described in section A.2.3 of Appendix A. 
Hard copies of the output which "show" makes for the ".spy" files exist w1 th the data 

{ •hich were registered by the experimenter ( begin and end of the real task, for 
instance) added to them. 
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F.4 THE STATISTICAL TESTS 

Two non-para:metric tests are used in this study: the Wilcoxon Signed Rank 
test and Spearman's Rank Correlation test. With two examples from this 
study their use will be shown. 

1. Vilcozon Signed iank test on number of annotations per ucdality <in 
section 3. 2. 1) 

The Wilcoxon Signed Rank test can be used to determine whether two random 
variables which resul t from measurements in duplicate have the same 
distribution. The test statistic Tof this test is calculated as fellows. 
One takes the absolute value of the differences between the two 
measurements < 1y1-x11 in the example below), and assigns a rank number 
<r<ly1-x1I)) to each of these values which is unequal O. T is the sum of 
all the rank numbers which have been assigned to differences which 
originally had the positive sign. 

subject : 1 2 3 4 5 6 7 8 9 10 11 12 

Xi <nr of voice anns) : 19 6 7 3 11 10 6 8 10 7 7 12 
y1 (nr of text anns): 14 7 5 2 9 10 8 11 3 5 10 12 

y1 -x1: -5 1 -2 -1 -2 2 3 -7 -2 3 
ly1-xtl: 5 1 2 1 2 2 3 7 2 3 
r(ly1-xtl) : 9 1~ 4ij lij 4ij 4ij 7ij 10 4ij 7ij 
signed r: -9 1~ -4ij -lij -4ij 4~ 7~-10 -4ij 7ij 

T = lij + 4ij +7ij + 7ij = 21 

The number of measurements wi th a difference unequal O <m) is equal to 
10. The lower confidence bound for T with a single sided confidence level 
of 0.05 is 11, and therefore the hypotheses that subjects made more voice 
annotations than text annotations is rejected (11 < 21) . 

2. Spear:aan's Rank Correlation test on the number of voice annotations 
and the number of text annotations for each subject . 

Spearman's Rank Correlation test is used for deciding whether there is a 
posi ti ve or negati ve correlation between two random varia bles which are 
measured in the same population. The null hypothesis that there is no 
correlation between the variables Xt and y1 can be tested by first 
asigning a rank number r1 to each measured value x1, and a rank number St 

to each y1, and then calculating Spearman's rank correlation coefficient : 

:c:.,. = 6 1~1 <i:.1 - a1 >2 

D (n2 - 1) 
where nis the number of measurements. 

Equivalent to testing on :c:.,. is testing on d2 = 
1

~
1 

<i:.1 - a1> 2
; which is 

called the Hotelling-Pabst test. 



THE EXPERIMENTAL DATA Page F-4 

In the example from this study the calculations are as fellows: 

subject: 1 2 3 4 5 6 7 8 9 10 11 12 

Xi <nr of voice anns): 19 6 7 3 11 10 6 8 10 7 7 12 
y1 <nr oftext anns): 14 7 5 2 9 10 8 11 3 5 10 12 

ri: 12 211.! 5 1 10 811.! 2ij 7 811.! 5 5 11 
61 : 12 5 311.! 1 7 811.! 6 10 2 3\i2 8\i2 11 

<r1-s1): 0 -2\i2 1~ 0 3 0 -3~ -3 6\i2 lY.! -3ij 0 
<r,-s,) 2 : 0 614 214 0 9 0 1214 9 4214 214 1214 0 

d:2 = 614 +214 + 9 + 1214 +9 +4214 +214+1214 =9511.! 

~ X 2:::ilé 
r. = 1 - 12(122 -1) = 0.666 

The lower confidence bound for d2 with a single sided confidence level of 
0. 025 is 118, which is more than the 95ij we calculated. The conclusion 
therefore is that the null hypotbesis must be rejected, and that there is 
a <positive) correlation between the number of voice annotations and the 
number of text annotations subjects made. 
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F.5 SOXE RAW EXPERIXEITAL DATA 

The first five tables give data which are derived from the annotations 
that were made by the subjects. 

dependent variable: nu:aber of annotations •de 

modali ty: speech 11 text 
version: 1 first 1 second 11 first 1 second 
pages: 1 1&2 1 3&4 1 1&2 1 3&4 11 1&2 1 3&4 1 1&2 1 3&4 

subject 
1. 19 14 
2. 6 7 
3. 7 5 
4. 3 2 
5. 11 9 
6. 10 10 
7 . 6 8 
8. 8 11 
9. 10 3 

10. 7 5 
11. 7 10 
12. 12 12 

dependent variable: nu:aber of words in annotation 

modali ty: speech 11 text 
version: 1 first 1 second 11 first 1 second 
pages: 1 1&2 1 3&4 1 1&2 1 3&4 11 1&2 1 3&4 1 1&2 1 3&4 
--------------- ------------- ---------------------------- -------
subject 

1. 254 104 
2. 76 53 
3. 102 22 
4. 110 12 
5. 130 80 
6. 116 83 
7. · 43 40 
8 . 102 77 
9. 100 35 

10 . 62 26 
11. 98 101 
12. 142 103 
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dependent variable: nuD.ber of alternatives for the reasons of annotations 
given in annotations 

modal ity : speech 11 text 
version : 1 first 1 second 11 first 1 second 
pages: 1 1&2 1 3&4 1 1&2 1 3&4 11 1&2 1 3&4 1 1&2 1 3&4 
-------- -------------------- ------- ------ ---------------------
subject 

1. 11 11 
2. 6 6 
3. 7 5 
4. 3 2 
5. 5 6 
6. 6 9 
7. 6 7 
8. 3 7 
9 . 7 1 

10. 5 3 
11. 4 9 
12. 10 4 

dependent variable: nuaber of references to single words or characters in 
the annotations 

modal 1 ty: speech 11 text 
version: 1 first second 11 first 1 second 
pages : 1 1&2 1 3&4 1&2 1 3&4 11 1&2 1 3&4 1 1&2 1 3&4 
---------------------- ------ ------- ------ ---------------------
subject 

1. 5 1 
2. 3 0 
3. 0 1 
4. 0 0 
5. 3 1 
6. 5 2 
7. 6 4 
8 . 0 0 
9. 4 1 

10. 1 1 
11. 0 0 
12 . 0 1 
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dependent variable: references to phrases, sentences or paragraphs in the 
annotations 

modality: speech Il text 
version: 1 first 1 second 1 1 first 1 second 
pages: 1 1&2 1 3&4 1 1&2 1 3&4 11 1&2 1 3&4 1 1&2 1 3&4 

subject 
1. 2 2 
2. 0 0 
3. 5 1 
4. 0 1 
5. 6 2 
6. 2 1 
7 . 0 5 
8. 1 1 
9. 0 1 1 

10. 0 1 . 1 2 
11. 1 1 11 1 
12 . 1 1 11 2 

Variables derived from the registered event data follow below. 

dependent variable: nu•ber of tiEs m.nual page was consulted 

modali ty : speech 11 text 
version: 1 first 1 second 1 1 first 1 second 
pages: 1 1&2 1 3&4 1 1&2 1 3&4 11 1&2 1 3&4 1 1&2 1 3&4 

subject 11 
1. 0 11 2 
2. 1 11 0 
3. 0 11 0 
4. 0 11 1 
5. 0 11 2 
6. 0 11 2 
7. 0 11 1 
8. 0 11 1 


