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Abstract 

In this report, a simulation of a "Voice Actuated Typewriter" (VAT) is described. 
Using a VAT, it should be possible to dictate any text, that will be converted into a 
typed form automatically. Apart from text words also layout commands must be 
entered into the system. An optimal way to do this without ambiguities should be 
developed. Furthermore, the user interface must be designed in such a way that users 
will be able to run the system without too much training. 

In our simulation, two different ways of entering commands have been compared: 
speech input and mouse selection. Speech input turned out to be preferred by most of 
the subjects, as far as it concerns the simple layout and correction instructions used in 
our experiment. But for text editing afterwards an additional cursor control device, 
such as a mouse, seems to be desirable. The average time needed per correct action is 
significantly shorter in the case of spoken commands. On the other hand, subjects 
made more errors in this situation, but this may well have been due to the lack of 
visual feedback on the screen regarding the available commands in the case they were 
spoken. 
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1 INTRODUCTION 

1.1 Scope of the investigation 

Speech is the most natural way of human communication. Since speech technology 
made a fast development during the past decades, speech can be used more and more 
as a communication means between man and machine. This offers possibilities for a 
broad application field, e.g. in the office, in medical environments, or as a communica
tion aid for the handicapped. For cenain tasks bidirectional speech interaction seems 
to be much more effective than traditional typing causing visual feedback on a screen: 
no typing skill would be demanded, one could keep his hands free to perform other 
tasks simultaneously, and no continuous fixation on the screen would be demanded. 

Speech technology is mostly applied in the following three manners: 

- Speech resynthesis: a speech signal is sampled, digitized and stored in the 
computer's memory. Then the signal can be reproduced by means of a D/A con
verter and a low-pass filter. 

- Speech synthesis: a speech signal is composed artificially by combination of speech 
elements (phonemes or diphones) stored in the computer. 

- Speech recognition: the computer identifies an incoming speech utterance by com
paring it with a number of templates stored in the memory. 

Speech resynthesis and speech synthesis provide for transfer of information from the 
machine to the user, while speech recognition is used for communication in the oppo
site direction. 

The research I was engaged in concerns the human factors of speech recognition 
applications in office environments in behalf of word processing, editing and dictation 
tasks. This research is done within the scope of the HUFIT (HUman Factors in Infor
mation Technology) project, which is a pan of the ESPRIT (European Strategic Pro
gram for Research on Information Technology) program of the European Community. 
The present report deals with some ergonomic aspects o( automatic dictation systems 
with large vocabularies. 

1.2 Problem statement 

Fig. 1-1 shows a schematic model of the interaction between man and machine. 
The channels through which this interaction materializes together make the user inter
face. In addition, Monk (1985) uses the term interface bandwidth , which refers to 
the possibilities and restrictions of the communication via the user interface. In the 
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Fig. 1-1: Model of man-machine interaction. 

model of fig. 1-1 both sides are structured in a number of layers that correspond with 
each other two by two (indicated by the dashed lines). The deepest relevant layer of 
the machine part is the system software , providing tools for applications. The 
corresponding layer of the user side is human knowledge , that enables the user to per
form certain tasks with the aid of the machine. Thus we come at the middle layer of 
the model: the application software at the machine side, and the task at the user side. 
An optimal user interface design requires that the user can easily build up an accurate 
application model in his mind, whereas an accurate user model should be implemented 
in the application software. In that case, unexpected reactions of the system on actions 
of the user are prevented, and the system can cope with all possible actions of the user 
and reacts in a way that appears logical to him. All direct communication (indicated 
by the overarching line) takes place via the upper layer of the model, which consists of 
the operation devices at the machine side and the human sensors and effectors at the 
user side. The machine supplies output via its output devices (e.g. screen, 
loudspeaker) that is received by the human sense-organs (e.g. eyes, ears). On the other 



- 6 -

hand, the user uses his effectors (e.g. fingers, voice) to supply information to the 
machine's input devices (e.g. keyboard, mouse, speech recognizer). Thus we could 
say that proper user interface design implies an optimal adaptation of the operation 
devices to the human sensors and effectors: the possibilities and restrictions of both 
should be balanced. 

This model can be applied to the process of dictation, where spoken text is to be 
converted into a typed form. In conventional dictation equipment, the voice input is 
stored on a tape, and the conversion is done by a secretary. A major disadvantage of 
this procedure is the fact that there is no possibility for direct communication between 
the author and the secretary when the text is entered: the tape is a unidirectional com
munication medium. This implies that the tape should contain both text and layout 
instructions in an unambiguous way. 

When automatic dictation is used, a direct interaction with the typewriter is avail
able, since all entered text words will immediately appear on the screen in human 
readable form. This means that the situation of fig. 1-1 comes into force. Such a sys
tem would be useful in environments where text has to be produced while the operator 
does not have his hands free because of other tasks that have to be done simultane
ously. Of course, the dictation process should not impede the progress of these tasks. 
For example, under ideal circumstances a physician could produce a medical report 
while examining an X-ray photograph. 

For the time being, however, the application of automatic speech recognizers on a 
large scale is severely obstructed by a number of technical and practical restrictions, 
e.g.: 

- The vocabulary of the speech recognizer is limited. 

- Generally only isolated words will be recognized. 

Speech recognizers with a vocabulary of reasonable size are generally speaker
dependent 

- The performance of many speech recognizers severely decreases in noisy environ
ments. 

- The distance between the microphone and the user's mouth is often a critical param
eter. This means that the user's freedom of movement is considerably limited (which 
is a nuisance for the physician mentioned in the example above). 

Consequently, the question arises how errors resulting inevitably from these draw
backs should be combated. It was the target of our research to work out some 
specifications as to the human factors of a speech recognition system with a large 
vocabulary, which we will call a Voice Actuated Typewriter (VAT) in this report. An 
often used method to draw up such specifications is by observing the behaviour of sub
jects in a simulation experiment and comparing this behaviour under various condi
tions. We decided to use this method too. The results of our experiment should give us 
more insight in the way an optimal user interface has to be designed, and in the appli
cation model that users have. And indeed these results could be used to optimize the 
user model in the application program (see fig. 1-1 ). 
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We started with a study of the literature in order to evaluate some earlier experi
ments, before designing a new one. 

1.3 Earlier experiments 

Gould, Conti and Hovanyecz (1983) performed some simulation experiments in 
order to determine whether a VAT could be a usefool tool in composing letters. They 
compared people's performance on and feelings about a VAT (or listening typewriter, 
as they called it) with their performance on and feelings about traditional methods of 
composing (writing and dictating). 

They introduced three independent variables: speech mode (isolated words vs. con
secutive word speech), vocabulary size (1000 words vs. unlimited) and composing 
strategy ("draft", where advanced proof editing afterwards is allowed, vs. "first time 
final", where this is not the case). In this way, eight different versions of the VAT 
could be compared. 

Subjects were instructed to dictate a letter with predefined global contents. The 
dependent variables being measured were: composition and proof editing time, which 
could be measured objectively, and effectiveness, which was determined by experts 
who gave a judgement on each letter. The general performance was expressed by a 
quantitative measure calculated from the time and effectiveness quantities. 

The conclusion from their experiments was that subjects' performance with all ver
sions of the VAT was at least as good as with writing. Furthermore, experienced dicta
tors performed as well with the advanced versions of the VAT as with traditional dic
tation methods, whereas the other versions yielded a lower performance. Thus, even an 
imperfect VAT appears to be a potentially useful composition tool, provided that the 
vocabulary size of the speech recognizer will be sufficiently large. The speech mode 
(isolated words vs. consecutive word speech) appears to be a less critical quantity than 
the vocabulary size. 

However, a few drawbacks of these experiments must be mentioned. Firstly, the 
measured times turned out to be highly variable, but for a large part this was 
accounted for by the letter tasks rather than by the composition methods. It remains 
unknown which part of the composition time was spent in thinking about the formula
tion of the text. and which part was spent in the mere dictation process. Secondly, the 
effectiveness of a composed letter is a quantity that can only be determined in a sub
jective way. The effectiveness, however, may be supposed to be strongly correlated 
with the composition time. This means that the composition time is influenced by a 
factor that can neither be measured in an objective way, nor kept under control, if the 
subjects compose the text of the letters themselves during the experiment. This affects 
the validity of the results concerning the composition time. The third problem is that in 
this experiment a human operator has to type all the words that are spoken by the sub
ject. Even when this is done by an experienced typist, the processing time of a word 
increases with its length, which is not a realistic approximation of real speech 
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recognizers. The solution of all these problems is to use a standard text that has to be 
dictated by the subject: no time needs to be spent in thinking about formulation, the 
effectiveness factor is eliminated, and the text can be stored in the system's database 
beforehand, so that real-time typing is not needed anymore. 

But there is another important drawback of the experiments described above: the 
data provided are not specific enough. The part of the composition time spent in the 
mere dictation process can be divided into a number of categories, e.g. the time needed 
to say the words, the feedback time between subject and system, the time needed to 
correct errors of several kinds, the time needed to spell words that were not recog
nized, etc. In order to obtain information about all these times, it is necessary to regis
trate all actions of a subject arranged in a time schedule. 

Newell, Amott and Dye (1987) describe equipment that is being used for a simula
tion of a speech-driven word-processor, based on Palantype machine shorthand tran
scription. In their experiments, they are focussing on users' responses to such a system 
and on the development of appropriate characteristics of the user interface and the 
dialogue structure. However, they also recognize the problem that even shorthand 
speeds cannot attain unconstrained speech rates, so that any simulation using a typist 
severely restricts the speed at which a user can dictate free text. 

1.4 The present investigation 

Our investigation was focussed on the following items: 

- The opinion of potential users about an (imperfect) first generation VAT. 

- Balancing of the trade off between imperfection and complexity of a VAT. 

- Ways to improve a VAT through sophisticated error handling. 

We did not deal with the problem how to train a VAT for the vocabulary and the 
voice of a specific user. In simple speech recognition systems any new user must enter 
all the words. This is possible when the vocabulary is relatively small. But for large 
vocabularies a more comfortable way is needed, which has been developed recently. 

The goal of the experiment involved was to evaluate some user interface alternatives 
in a simulated environment of a VAT. To do so, we first had to write a program that 
simulates several features of the user interface of a VAT (this was done on a SUN 
workstation). Particularly, various ways to combat the shortcomings of an automatic 
speech recognizer had to be taken into account. Elementary text editing and formatting 
commands are also an essential part of the user interface; so they had to be imple
mented as well. Special problems, deserving careful attention, and questions to be 
answered were: 

- How do we handle words that are not recognized correctly? We distinguish three 
different cases: a word may be rejected, mis-recognized or, in the case of homonyms 
(i.e. words with the same pronunciation but different spellings), a spelling error may 
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occur. There must be a possibility to correct recognition and dictation errors, and to 
spell words that cannot be stored in the vocabulary (like names of persons) and 
words that are repeatedly rejected or mis-recognized. Furthermore, a method should 
be available to specify which version of a homonym is meant, since it is impossible 
for a speech recognizer that only recognizes isolated words without interpreting the 
context to distinguish these words. 

- How do we enter capitalized words, punctuation marks and formatting commands? 

- Is it useful to provide operating information to the user on-line, when problems 
occur? 

- How can we divide the commands into well-organized groups? 

- How should commands be entered? Is it a good idea to aim at an exclusively 
speech-driven system, or is it preferable to use an additional device, e.g. a mouse, to 
select commands from a menu? In the former case there should be an unambiguous 
method to discriminate between dictation and commands. 

The simulation program developed according to the above considerations 
(corresponding to the application software block in fig. 1-1) was used to realize the 
experiment, in which subjects got the task to produce a copy of a standard input text, 
stored in the system's database beforehand, on the screen. The program can get its 
input from the SUN' s keyboard and from the mouse. In the experiment the keyboard 
was controlled by the operator, whereas the mouse was available to the subject. By 
means of the keyboard the operator could generate "speech-recognition errors". The 
program has been structured so that it is easy to adapt it in such a way that it can take 
its input from a real speech recognizer. If a real speech recognizer can be connected 
successfully, a first generation VAT will be realized. 

In chapter 2 of this report the simulation program is described in extension. Chapter 
3 describes the design of the experiment in detail, and chapter 4 contains the results. 
Finally, in chapter 5 these results are discussed and some recommendations for further 
research are done. 
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2 THE SIMULATION PROGRAM 

2.1 Rapid prototyping 

From the previous introductory chapter it should have become clear that it is impor
tant to set up a thorough investigation of the human factors of a system being 
developed before it is brought on the market. Therefore, it is necessary to present a 
prototype of the system to a group of potential users and registrate their comments and 
suggestions for improvements. These are used to adapt the prototype. This process 
should be repeated until the potential users are satisfied with the system. 

In software engineering the same procedure has to be followed. For this purpose 
rapid prototyping, as described by Wasserman and Shewmake (1985), is a valuable 
technique. This technique saves the designer from detailed programming of the dialo
gue portion of the system in a definite form, but rather provides a straightforward way 
to rapidly implement a dialogue, e.g. by using state transition diagrams. Fig. 2-1 
shows an example of a state transition diagram. It consists of nodes standing for the 
states in which the dialogue can be, and directed arcs representing transitions from one 
state to another. A transition is triggered by an input event and possibly other condi
tions. Examples of input events are: a keystroke on the keyboard, clicking a mouse 
button, or input from a speech recognizer. 

m 

Fig. 2-1: Example of a state ttansition diagram. 

Prolog turns out to be a suitable programming language to implement state transi
tion diagrams. A transition can be denoted by a Prolog rule in the following way: 



dialogue(x,y) :
input(i), 
condition_l ( ... ), 

I 
I 
I 

condition_M( ... ), 
action_l( ... ), 

I 
I 
I 

action_N( ... ), 
get_new _input. 
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This means that within the net called 'dialogue' a transition from state x to state y 
occurs, if input i is received and condition_l( ... ) up to and including condition_M( ... ) 
are met. At the same time action_l( ... ) up to and including action_N( ... ) are executed 
successively. Finally the system waits for new input. Supposing that input j is received 
after this, the program searches in the database for Prolog rules of the form: 

dialogue(y ,z) :-
inputG), 

I 
I 
I 

get_new _input. 

The first rule of this form encountered that also satisfies the conditions is then exe
cuted, and the dialogue comes in state z. This procedure is repeated until the special 
state 'exit' is reached. At this moment, the net 'dialogue' will be left. 

It should be noted that the distinction between conditions and actions is made only 
for the sake of comprehension: for Prolog there is no essential difference between 
them. The language follows a straightforward backtracking procedure within a rule, 
which means that, when a condition test fails or an action cannot be carried out, the 
program returns to previous conditions or actions within the rule in order to search for 
alternative solutions. If there are none, then the entire rule fails and another fitting rule 
is entered. Novices in Prolog may become acquainted with it by consulting Clocksin 
and Mellish (1984). 

On our SUN system a Prolog package that manages the state transitions as described 
above is available. This means that the writer of an application program only needs to 
write the transition rules and specify the input events. The package also contains an 
interface with a graphical tool called 'graphics'. With this tool, pictures drawn in 
advance by the designer and stored on disk can be displayed at any desired position of 
the screen, or removed from the screen. Text, in several fonts, can also be put on the 
screen. Thanks to the Prolog-graphics interface the graphics commands can be given 
from within Prolog. Finally, the package contains an input handler that collects input 
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from several input sources. All input events are timestamped and recorded in a regis
tration file. This file can be used to analyse the course of the dialogue afterwards, 
which is indispensable for experiments. 

2.2 Program structure 

The rapid prototyping package described in the previous section was used for the 
design of our application program. Since it is recommended to vary only a limited 
number of factors in one experiment, we had to make a careful selection of the 
independent variables that were to be investigated and assign fixed values, based on 
general assumptions, to the other factors involved. The subjects were given the oppor
tunity to do suggestions for improvements in these factors by means of a questionnaire 
that had to be filled in after the experiment. If their answers give rise to it, the values 
chosen can be modified at a later stage. 

One of the basic questions concerns the devices at the machine side of the upper 
layer of the interaction between man and machine (fig. 1-1). The user has to enter two 
different types of input: text words and commands. The question is: how does the 
machine discriminate between these categories of input? One possible solution is the 
use of a separate device for each input category, that is: text words are entered by 
voice, and commands are selected from a menu on the screen by means of an addi
tional device. A disadvantage of this method could be the fact that the user has to 
switch frequently from one device to another. This disadvantage does not occur if the 
system is exclusively speech-driven. In that case, however, an alternative solution for 
the discrimination problem has to be found. Also for this there are several possibilities: 
one could define a text mode and a command mode and a special command to switch 
between them, or one could define a default interpretation of the ambiguous words and 
a special command to escape this default interpretation. A disadvantage of these 
methods, however, could be that the system becomes more complex and therefore the 
number of errors made by the user increases. Furthermore, the accuracy of the speech 
recognizer becomes a more critical factor, because unintentional recognition of 
rigorous commands or special switching commands can have unexpected or even 
disastrous consequences. 

These considerations provided us one of the independent variables of which we 
wanted to investigate the influence. Two versions of the system were developed. In 
one version (designated as the M-version) the SUN mouse has to be used to select 
commands from a menu on the screen. This menu is visible on the right side of the 
screen, and the selection has to be done with the left of the three mouse buttons. The 
menu is adapted automatically by the program: in each state only the commands that 
are applicable at that moment are visible, while the other command buttons have no 
letterings (see figs. 2-5, 2-7 and 2-10). In the other version (the S-version) commands 
have to be spoken in. The command interpretation of an ambiguous input word was 
chosen to be the default interpretation, since we may expect that in most cases this is 
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the right interpretation. In order to indicate that such a word should be interpreted as a 
text word, the word has to be preceded by the special command word 'tekstwoord'. In 
the S-version no command buttons are present on the screen. Thus the influence of 
the presence/absence of visual support on the screen could be investigated together 
with the influence of the command device. 

begin-~-+ s = 
any state 

Fig. 2-2: State transition diagram of the VAT prototype. 

Both in the M- and in the S-version punctuation marks have to be entered by speak
ing in their keywords. This means that these keywords are not considered as com
mands, but as special text words that are interpreted by default as punctuation marks. 
In order to indicate that such a keyword should be interpreted as a text word, the com
mand 'tekstwoord' has to be used in the same way as mentioned above. 

The second interesting factor that probably influences users' performance on and 
feelings about the VAT is the number of speech-recognition errors. Therefore we used 
this factor as the second independent variable in our experiment. In the following, 
where we will consider the program structure in some more detail, it will become clear 
how this was implemented in the simulation program. 

Fig. 2-2 shows a (somewhat simplified) state transition diagram of the program. The 
transitions are triggered by keyboard input or by mouse input. In the experiment, the 
keyboard input was performed by the operator as a reaction on a word spoken by the 
subject, whereas the mouse input was generated by the subject herself. Fig. 2-3 
displays the SUN's keyboard, and fig. 2-4 the mouse connected with it. 

When the program is started up, one has to specify whether the M- or the S-version 
is desired, which standard text should be loaded, in which directory the registration 
data should be dumped, and whether one or two screens are to be used. Together with 
the words of the standard text the program also loads additional information that is 
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Fig. 2-3: The SUN keyboard. 

-

liif. ! 

Fig. 2-4: The SUN mouse. 

necessary to simulate speech-recognition errors: for words that will be "misrecognized" 
the "wrong" word is also stored in the database, for some words a list of words that 
are to be displayed in a choice menu is stored, and for homonyms a list of the 
different spelling possibilities is stored. If the use of two screens is specified (which 
was done during the experiment), two versions of 'graphics' are started up on different 
machines, and all funher graphical operations will be executed on both screens. During 
the experiment both machines were positioned in separate rooms, where the subject 
and the operator were situated, respectively. The program was started up by the opera
tor. This could not be seen by the subject, who only saw 'graphics' being started up on 
her screen. 

As soon as 'graphics' has been started up, the program displays a white field at the 
left part of the screen, where the standard text to be dictated will appear (see figs. 2-5 
up to and including 2-8). In this field a cursor indicates the position where the next 
text word will appear. In the right top comer of the screen a button with lettering 
'stop' is displayed. This button can be selected in order to stop the program. Further
more, in the M-version the field with command buttons is displayed at the right part of 
the screen. 
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After the starting-up procedure the program is in state sb, where it waits for entering 
the title of the document. An arbitrary word can be chosen for this. It must be typed, 
followed by a CR (carriage return) character. (In the experiment the operator typed the 
word spoken by the user). When CR has been received, the word appears on the 
screen at the top of the text field and the program enters state sd, which is the basic 
state where text words or commands can be entered. 

First we will consider the possible reactions of the system on a spoken text word. 
Each of these cases can be evoked by means of a special function key on the key
board. 

- When the space bar is struck, the next word of the standard text is displayed in the 
text field. This simulates a correct recognition. If the previous text item was also a 
text word, then a space character is inserted automatically. If, however, the word is 
a member of a list of homonyms, then the first word of this list is displayed. This 
has been done in this way, because a real speech recognizer that recognizes isolated 
words only would never be able to distinguish these words. After these actions the 
program remains in state scL 

- With key F2 a rejection can be simulated. In the text field near the position where 
the word should appear a window is displayed, containing a message that asks the 
user to repeat or spell the word. The program enters state sr. As soon as a new input 
event is received, the window disappears and the program returns to state sd. 

- Key F3 evokes a misrecognition. The program consults its database to look up the 
"wrong" word that belongs to the next text word. If such a word is present, it is 
displayed in the text field instead of the correct word. The program remains in state 
sd. 

- With the keys F4 and F5 a message can be called up that asks the user to confirm or 
reject a proposed word. In the case of a real speech recognizer this could be useful 
if one of the candidate words makes a much higher score than the other words 
without exceeding the recognition threshold. The message appears in the text field 
near the position where the next word should appear. If F4 is struck, then the next 
text word (the correct one) is proposed; in the case of F5 the "wrong" word, if 
present, is proposed. In both cases a transition to state syn occurs. In the M-version 
the message contains two buttons with letterings 'ja' ('yes') and 'nee' ('no'), respec
tively (see fig. 2-5). The user can select one of these buttons with the left mouse 
button. In the S-version no buttons appear (see fig. 2-6). Here the user should 
answer by voice by saying 'ja' or 'nee' (which was processed in the experiment by 
the operator with the keys F4 and F5, respectively). If, in either version, 'ja' is 
answered, then the proposed word is appended to the text in the text field. If the 
answer is 'nee', then no text word is displayed. However, it is not necessary to 
make an explicit choice. If the user continues with another text word or a command, 
then 'ja' is assumed to be the correct answer and the proposed word appears in the 
text. In all cases, the message disappears from the screen and the program returns 
to state sd. 
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0. __..k1ng lioor" tllll9tl T11bll;se tulkt.nd1gen "Ytn dll Tl"'OOtY'9de, d11 kon1ngtn 
&ettr"h: gtet..-~ u1tsp-ak, hM"ft tot .., ~ "•8Ultut geletd. Tulfout~, 
onbe.,-ijpml1Jk• utt4*'ukk1nQ11t'1 en onlff9ba.tr" 11"119 zt,...,, kWMn, tn 
t9g9Mt•11tng tat vra.gre Tr-oonredn, dH Jtar" .....- YOOf"', 

0. kontngtn kon dll tonpr-uk dl.n oak randr Y991 h&peren o,lmzen. Tocti ... r 
nog .., z1n van •3 llOrden, ••r dear 1taat t~ dl.t ..- vortg Jur een 
getwel onb9gr"tjpmltjk• ztn van 56 woordlllri tn YOOf"'iu..e.. DYr_.c.ettg een 
OfT\11\Allk...,.tghetd tn dll gecFukt.e t.ekst bracht dll kontngtn .., k~ ten gehor•, 
d1• ..- nt•t had -ten eta11i, en ... 1 tn dll canetrwc:tt•: •o. YOOf"' pl11tetng tn 
ant land bnt-.dll, •tddlilllngm-•htandst"•htten•. Door dt• km.a lMk twt 1laof 
!wt OYW afet.endst"ak•tt.en g1ng, dt• YOOf"' ans land bni..d en •tddlill•ng ztjn. 

Oat dll llOf"•ttn tocti wel degit11Jk btj dll t9ket .,.,, blMk blj !wt lazen ....,, dll 
ztn: •0a dll YW"Zlring t-v-i ti gun, 11 twit ''ooduk•ltjk nog dtt jaar 
verdorgaa ..... 

Fig. 2-5: The confirmation/rejection procedure in the M-version. 

n 

IU:Pt£JO llEZ!llGO 1M1t TRAJECT \/OOR TGY 

Y•n l)l'U• ver-t l •ggevr 

Rl.CPtEN - In ,..volgtng van. arider• Yntbr'd~antH a-nntMI hHft nu oak twit 
"9ff"1tebnt1.1T ... an Ruc:pnen 1at8" wet-" ,..,. be:ar~ ti ztjn ~ dll traject
,11,...,, YOOf"' de eupet""..,....11• tr•tn (TG\I). 81J t.wn "'" dll 4*'1• aiog.ltjk• 
alt..-natt9Y91"1 gun op twit gr-ondg9bted van Rucphen nat1.1Tgebtlden ..,.,.1aren. !Wt 
;aat m twit Rozerwen en twt N.tut.rgebied dll Lokkr biJ la~ dll Pa,.....,..,.f, 
w.aarlanga de trttn ztch ..., ~ zou .,.t8" ba,,.,, tn dll r1cht1ng "'" twit 
tiollanctscPi Otep. Ondrl"r ven.i1Jzing ,..,,. hat 1111eh karaktv "'" dllzt 
natuurgetttecten lpt"Hkt dll ~nt•, tn navolgtng "'•" twit NoordbreDant1 col legi1 
\/In li9dllput•erdll Stat8" 1 hear .,,oork9'.r utt \IOOI'"" ..., traj.ct langa dll Dntaandel 
•paorl1j ... 

Zei U 

"Antwerpen"? 

Fig. 2-6: The confirmation/rejection procedure in the $-version. 
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0. ~king door t.... TtlburgA tulkl.nd1gen v1n de Tr-oonr-edt, dte kontngin 
hatrtw g1ateraon uthpr·1k, helift lot ewi geed rnultaat g.l1td. Taalfouten, 
~tjpel1jka w!tcr.,.ktng.n en on1"9baar 11ng1 ztmen ~. tn 
tegenatalltng tot vroeger-1 Tr-oonr-edet, dtt jur _,,.,.. VOQr'. 

0. koningtn kon dll tDHpl"'Hk darl OCllk zCll"ldr ..,.., hapet'en oplezen. Tocti .. , .
nog ewi z1n v1n 43 lllOOrdwi, •ar d:lar ltaat tegenoyr dat .- vortg jaar ewi 

--1 ~1jpe11Jk• ztn van 56 lllOOl""dwi tn ~. DYr"'*cmsttg ..,, 
oi-n.IM.eurt;t.td tn dll Q9G'""*-t• t•at bracht dll kontngtn .., km..1 t-1 

Kies uit onderstaande 
het woord dat U zojuist 
gesprolcen heeft. 

Fig. 2-7: The choice procedure in the M-vrzsion. 

Rl.CPHEN - In !"lllvolgtng v1n. ander-1 'tntbrabantH ~ten heeft nu OCllk lwt 
v-eentebfttl.Ar vtin Ruc:phen laten 1119ten z...- bezorgd ta ztjn 0\19r dll traject· 
plamen voor dll -.uperanel11 tretn (TGV). Btj t.... van di t:rt1 .ageltjk• 
altrnatt.ven gun op het grondgebtlld "'" Rucphen nat1.Arg1b1eden verloren. Het 
gHt mt lwt Roz:enven en het n1t1Arg1bted dll Lokker b1J landgoed cte Parnrl'loef, 
waarlanga di tratn zich Mn W9i zou 1aOet1n banen tn dll richtlng van h9t 
Holhndsch Diep. Onder .......-.itjrfng naar het unill4t.1 k1r1kter vtin deu 
nat1.Argetltedefl spr-Hkt cte getaeenh 1 in navolging v1n het lfoordbrabanta col 1999 
van G.deputeercte Stat•n, haar voork9\r u1t voor """ traj•ct lanv- de bestnnde 
spoorl ljn i.t'l~p.n - Roosendaal - RotterdM. 

In tegenstell1ng tot Rucpheri heeft Ett91"1-L9\r alsl 

Kies uit 
het woord 

Fig. 2-8: The choice procedure in the S-version. 
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- With key F6 a menu can be called up, containing a number of words out of which 
one word can be selected. In the case of a real speech recognizer this could be use
ful if several candidate words make a high score in the region of the recognition 
threshold. The menu appears in the text field near the position where the next word 
should appear. The list of words belongs to the next text word and is looked up in 
the database. The last item of the menu is 'Geen van deze woorden' ('None of these 
words'). In the program, a transition to state sc occurs. Fig. 2-7 shows an example 
of such a menu in the M-version. One of the items can be selected with the left 
mouse button. In the S-version the items are numbered (see fig. 2-8). Here the user 
should answer by voice by saying the number (which was processed in the experi
ment by the operator, who typed this number). In either version, the chosen word is 
appended to the text in the text field, or, if 'Geen van deze woorden' is chosen, no 
text word is displayed. It is not necessary to make an explicit choice out of the 
menu, since the first word is considered as the default answer. If the user continues 
with another text word or a command, then this first word is assumed to be the 
correct answer and it appears in the text As soon as a choice has been made, either 
explicitly or not, the menu disappears from the screen and the program returns to 
state sd. 

- Finally, it is possible to enter a word that deviates from the next word in the stan
dard text. In the experiment, this was sometimes necessary, when the subject said a 
wrong word by accident In this case key Fl must be struck, and then the word can 
be typed, followed by CR. Then the word appears in the text field. The program 
remains in state sd. 

We will now explain all commands that can be used. Fig. 2-9 shows the field with 
command buttons as it appears in the M-version (for the sake of demonstration, all 
commands are visible in this picture; in reality, this never occurs in the program). A 
command can be selected with the left mouse button. In the S-version a command 
must be spoken in. Each command corresponds to a special function key on the key
board. In the experiment this key was struck by the operator when the subject spoke in 
the command. The function keys are mentioned in parentheses in the descriptions 
below. 

The first three commands are meant to manipulate with on-line help information. 

- 'Help' (key R6). In any state (indicated as S in the right part of fig. 2-2) help infor
mation, appropriate for that state, can be called up on the screen with the 'help' 
command. The window containing this help information covers the text field (see 
fig. 2-10). The program jumps to state sh, and will go back to state S, as soon as the 
right mouse button is clicked or a text word or a command (except 'volgende 
pagina' or 'vorige pagina') is entered. 

- 'Vo/gende pagina' ('next page'; key R14). If the help information that is visible in 
state sh consists of more than one screen ('page'), the next page is displayed. The 
program remains in state sh. 
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overslaan 
spaties 

terug 

Fig. 2-9: Overview of the commands and their partition into groups. 

Ort t..•r"ldng door t.... Ttlb.rgme tH1kund1gen van de TrOON"edll, dh kontngtn 
!eatrhc g1at...,. u1hp·1k, !welt tot..,, pd rnu1taat ;i11leld. Taa1fout.,,, 

U k'6'1t ~ Mn ta.tl«Jord of ..,, 1 ... tllken tnepn«en, of Wn van de cmmanda'a dte ap 
twt r.chtrdlel van het eciw"ll etaan afgM»Mld Mlect.,...,,, Indten ..,, tllkabiloord dDclr 
twt 1yet._ hwil8f'td lllClll""dt (al dlin n1et correct), dlin vrach1jnt het ter plut• van de 
ci.recr op het _,_...; z:o ntet, dan lt9F"11Chtjnt .- ..,.. baodschap •t nadlra tnstM1et1n. 

liet afS-ukJten V9rt..,.. 1 .... tllkert lllOrdt gllf'"Mlt...-d dDclr de na.- v&r1 het betreffllnde 
1 .... tllkert tn ta llPr•hn. Htr vo1gt ..,, lij1t Yatl de t .... tekWll •t rui btjb9hor.,. _,, 

Pl.NT 
•IM<A 
Ol&ELf Pl.NT 
Pl.NTKIM<A 
YRAAGTEKEN 
UITROEPTE<Ell 
Ktl'l'ELTEJ<Ell 

• Pl.US 
STERRf'T JE 
SCMfl NE STllE£P 
GELIJK .... 
IU.EHEFI OM 
GROTER ONO 

00..L .. 
PllOCD'T 
#l'EllSAI() 
APOS'T llOPH 

• DAKJ£ 
Ell<fl.E LUNLING 
Ol&ELE LUIW.!NG 
RIJlllE OPEN!llGSHAM 
RlllllESLUIT!NGSHW 
RECKTE OPEN!NGS>IAAI< 
RECKT E Sl.Ul Tl NGSHAloK 
OPEN! NCSACCOLAOE 
SlU!TlNGSACCll.AOE 

f.., 1 .. t.ek.,, .ardt alttjd ON1dde11tjk na het voorafgaandl ..xrd of 1..,.tllken, dul 
zancter sp1.tte erttaHn, afgedruU {tn teg9Mhlltng tot Mn tek•ll«>Ord, dlit , .. ,.., 
1utm11ttach doer..,, sp1.tt1 v&r1 het voorafgund9 ...cord llfOf"'dt geechl1d9n). Indten "66r
..,, 1 .... teken _, tu•Mf1Q9voegde spat ta ~t llfOf"'dt, .aet dHrtoe di.It ..,, apar-t c.
aandrl (SPATIES l; zi• p•gtne 2) gegeven lllOf'"den. 

Op de volgendlt pagtM'• .. 1nctt u ..,.. OYer"zteht '<l&r1 de t• Hleetren emM.nda'•, •t ..,, 
beectrij'<l1ng v•n f'U'I •ffect. Het Hlectren van ..,.. eam.ndo ~t doar' het betr"•f
fendli '<llkj• •t de -..ta un t• w1jz.en, en "'9t"volgena de l 1nkr -..1P.nop 1n t• ci'"ukken. 

Fig. 2-10: Example of a window containing help-infonnation. 



- 20 -

- 'Vorige pagina' ('previous page'; key RB). If the help infonnation consists of more 
than one page, the previous page is displayed. The program remains in state sh. 

The next three commands can be used to escape the default interpretation of words 
and to capitalize text words. They do not affect the state of the program: it is and 
remains in state sd. The commands are valid for one text word at a time only. 

- 'Tekstwoord' ('text word'; key R3). The consequence of this command is, that the 
next word spoken in is always interpreted as a text word, also if the default interpre
tation is a punctuation mark or, in the S-version, a command. A message providing 
this information appears on the screen. 

- 'Hoofdletter' ('capitalize first letter'; key Rl). The next word spoken in is always 
interpreted as a text word, and it will appear on the screen with the first letter in 
upper case. A message providing this infonnation appears on the screen. 

- 'Hoofdletters' ('capitalize entire word'; key R2). The next word spoken in is always 
interpreted as a text word, and the whole word will appear on the screen in upper 
case. A message providing this information appears on the screen. 

The next three commands can be used to manipulate with the contents of the text 
field. The program is and remains in state sd. 

- 'Homoniem' ('homonym'; key F7). If a text word belongs to a list of homonyms, 
stored in the program's database, then the first word of the list is displayed by 
default. For an operational VAT this should be the word that occurs most frequently. 
If, however, this is not the correct word. then the command 'homoniem' has to be 
used to replace this word by the next word in the list. This can be repeated until the 
correct spelling appears on the screen. The order of presentation of the homonyms is 
cyclic: after the last word of the list the first word is presented again. 

- 'Herstel' ('correction'; key DEL). This command can be used to remove the last 
text word from the screen or, if the last action performed was a command, to undo 
this command. However, the command 'herstel' itself along with the commands 
'homoniem', 'opnieuw', 'help', 'woorden' and 'centreren' cannot be undone. This 
means, for example, that a text word that has been removed from the screen can be 
put back only if it is spoken in once again. 
In the S-version clicking the middle mouse button is an alternative for the command 
'herstel'. This has been done in this way, because otherwise it would not be possible 
to undo the commands 'tekstwoord', 'hoofdletter' and 'hoofdletters', since after one 
of these commands the word 'herstel' is interpreted as a text word. So the only way 
to undo these commands immediately after they have been recognized is by means 
of the middle mouse button. 

- 'Opnieuw' ('restart sentence'; key RS). The consequence of this command is that 
the whole sentence being dictated at that moment is removed from the screen. This 
could be useful in the case of real dictation, if the user wants to reformulate the sen
tence. As was stated before, this command cannot be undone. 
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The next three commands are used for state transitions in the dialogue. 

- 'Cijfers' ('digits'; key F8). After this command a transition to state sn occurs. In 
this state a number can be entered by speaking in the subsequent digits of the 
number. This is indicated by a message on the screen. Also the punctuation marks 
'punt' ('period') and 'komma' ('comma') are recognized in this state, so that the 
digits can be ordered in groups of three and decimal fractions can be realized. 
Within state sn the command 'hers tel' can be used to delete the last character. 

- 'Letters' (key F9). After this command a transition to state sa occurs. In this state 
the user can enter a word that as such is not recognized correctly. This is done by 
specifying the subsequent letters by means of the telephone alphabet (specifying the 
letters by name would be very confusing for a real speech recognizer). This is indi
cated by a message on the screen. All punctuation marks are recognized in this state, 
too. After entering state sa, one can first use one of the commands 'hoofdletter' and 
'hoofdletters' in order to specify that the word has to be capitalized. Within state sa 
the command 'herstel' can be used to delete the last character. 

- 'Woorden' ('words'; key CR). This command must be used when state sn or state 
sa should be left. The message disappears from the screen and the program returns 
to state sd, so that text words and commands can be entered again. 

The last five commands are simple layout commands. They do not affect the state 
of the program: it is and remains in state sd. 

- 'Centreren' ('center'; key R4). This command can be used when the text of a line 
is completed, to center the text on the line. The cursor automatically jumps to the 
beginning of the next line. 

- 'Nieuwe regel' ('new line'; key CR). This command is used to move the cursor to 
the beginning of the next line, where the next text word will appear. This command 
is only needed when the user wants to start a new paragraph. Normally, a text word 
that doesn't fit on a line any more is automatically moved to the beginning of the 
next line. 

- 'Regels overslaan' ('skip lines'; key LF). This command is used to insert a number 
of blank lines. After this command a message appears on the screen that asks the 
user to specify the number of lines to be skipped. This number must lie in the 
range from 0 up to and including 9, and it has to be spoken in immediately after the 
command. Then the cursor moves to the desired position. 

- 'Spaties' ('spaces'; key TAB). This command is used to insert a number of spaces. 
After this command a message appears on the screen that asks the user to specify 
the number of spaces to be inserted. This number must lie in the range from 0 up 
to and including 9, and it has to be spoken in immediately after the command. 
Then the cursor moves to the desired position. 

- 'Terug' ('backspaces'; key BS). This command is used to insert a number of back
spaces. After this command a message appears on the screen that asks the user to 
specify the number of backspaces to be inserted. This number must lie in the range 
from 0 up to and including 9, and it has to be spoken in immediately after the 
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command. Then the cursor moves to the desired position. 

At any moment the program can be stopped. This can be done by selecting the but
ton 'stop' with the left mouse button. Then the program jumps to the special state 
'exit', and a message that asks the user to confirm or cancel this rigorous choice 
appears on the screen. The choice can be cancelled with the middle mouse button: 
then the message disappears and the program returns to the state where it came from 
(state S in the right part of fig. 2-2), after which the dialogue can be continued. The 
choice can be confirmed with the left mouse button. When this happens, the text in the 
text field is stored in a file with the name of the document, in the registration directory 
that was specified in the starting-up procedure. Then the program is terminated. 



- 23 -

3 EXPERIMENT AL METHOD 

3.1 Subjects 

The intention of the simulation experiment was to evaluate the VAT prototype 
described in the previous chapter and its user interface features. For this purpose 
twelve subjects were selected from the group of secretaries employed at the Technical 
University in Eindhoven. They all had experience with one or more word processors, 
and six of them were also familiar with dictation equipment. All subjects were female, 
and their ages varied in the range from about 20 to 55 years. We were interested in a 
meaningful comparison between this system and conventional text editing equipment. 
We supposed that this group of subjects would be suitable for that, and that they 
would also be able to indicate whether this system could be applied in text correction 
tasks. 

3.2 Equipment 

The experiment was done with two SUN 3/50 workstations, positioned in separate 
rooms (one for the subject and one for the operator) and connected via the SUN Ether
net. The SUN 3/50 is a workstation running under the UNIX operating system. It has a 
monochrome high-resolution screen of 36 x 28 cm, of which the display is composed 
by means of a bit-mapped pattern of 1152 x 900 pixels. Two standard input devices 
are connected to it: a keyboard (fig. 2-3) and an optical mouse (fig. 2-4). In the experi
ment, however, the keyboard of the workstation used by the subjects was invisible for 
them, so that they could not use it. In front of the subject there was a microphone, 
connected with a tape recorder in the room where the operator was situated. All ses
sions, except the training sessions, were recorded for analysis purposes afterwards. The 
operator could hear the speech input of the subject via a speaker connected to the tape 
recorder, and processed it by means of the keyboard of his SUN workstation, which 
resulted in the desired feedback, both on the subject's and on the operator's screen. 

The subjects were not made aware of the fact that it concerned a simulation experi
ment before the end of the last session. They were told that the microphone was con
nected with an automatic speech recognizer. However, they were made aware of the 
operator's presence in the adjacent room, and the fact that he could follow the session 
on his screen. This was done in order to reassure them: they were told they could con
sult the operator in case they got stuck. They had to do this via an intercom connec
tion (separate from the speech input microphone), otherwise the operator did not react. 
This fonified the illusion that they were really working with an automatic speech 
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recognizer. 

The experiment room was lit artificially (no windows were present). According to 
the wishes of the subject, the operator adjusted the light intensity with a dip switch 
before he left the room. Thus, reflections on the screen from the ambient light were 
minimized. 

3.3 Task and design 

The subjects had to pass through three sessions, distributed over three separate days 
within a one-week period. In the first session they got the opportunity to read the 
manual of the system described in chapter 2. In this manual some training exercises 
were included in order to make them familiar with all features. In the second and third 
session a standard text had to be produced on the screen. In one of these sessions they 
used the M-version (mouse-selected commands), in the other session the S-version 
(spoken commands), and the order was varied at random over the subjects in order to 
eliminate effects of training and fatigue (six of them got the M-version first, and the 
other six the S-version first). Two different standard texts (in Dutch) were used: one 
for the M-version and one for the S-version. It was not possible to use each of the 
two texts in both the M- and the S-version, because of limitations in time and avail
able subjects. The standard texts were adapted versions of newspaper articles. Six of 
the twelve subjects got a low rate of "speech-recognition errors" (in both sessions), the 
other six got a high rate of it. This assignment was also made at random. A listing of 
the "errors" and the number of times they occurred under each combination of condi
tions is shown in table 3-1. 

Summarizing we can say that two independent variables were involved in the exper
iment: namely the command device (Mor S) and the e"or rate (Lor H). As to the 
command device we used a counterbalanced design (which means that all subjects got 
both conditions), implemented as a between-subjects design (which means that they 
got both conditions only once, and that the order was varied among the subjects). On 
the other hand, we used an independent-groups design for the error rate (which means 
that each subject was assigned to a fixed condition). In this way four groups, denoted 
as MSL, SML, MSH and SMH, each consisting of three subjects, were created. 

Ideally, we should have chosen a completely counterbalanced design, since in that 
case it would have been possible to compare the various combinations of conditions 
within one subject, so that there is no influence of uncontrollable, but nevertheless 
relevant, subject variables (e.g. intelligence, motivation, personality differences). How
ever, in such a design each subject would have had to pass through four sessions, pre
ceded by at least one training session, and it would have been hard to find enough sub
jects for this who satisfied the demands mentioned in section 3.1. Furthermore, the 
more sessions have to be passed through, the more important become the effects of 
transfer of training, and possibly of fatigue etc., from one condition to another. Vary
ing the session order over the subjects is only a good solution, if this transfer is the 
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"Speech-recognition errors" 

and number or times they occurred 

Conditions 
Error categories 

ML 'MH SL SH 

Word is rejected once 1 2 1 2 

Word is misrecognized 1 2 1 2 

Confirmation/rejection procedure with correct proposal 1 2 1 2 

Confirmation/rejection procedure with wrong proposal 1 2 1 2 

Choice procedme 2 4 2 4 

Word is non-default homonym 2 2 2 2 

Word is number in digits 2 2 2 2 

Word must be spelled 3 6 3 6 

Default-interpretation of word is punctuation mark 2 2 1 1 

Default-interpretation of word is command ('opnieuw') 0 0 1 1 

Compound word with hyphen 1 1 1 1 

Total number of "problem words" 16 25 16 25 

Number of text words 191 191 160 160 

Number of capitalized words 21 21 33 33 

Number of punctuation marks 37 37 16 16 

Total number of text units 249 249 209 209 

Table 3-1: "Speech-recognition errors" under the various conditions. 

same for all conditions. If this is not the case, then differential transfer occurs. We 
supposed that the error rate could be a more disturbing source of differential transfer 
than the command device: a high error rate can provide additional training opportuni
ties or, on the contrary, it can frustrate the subject, and these effects can be transferred 
to the next session. This is the reason why we decided to use an independent-groups 
design for the error rate. 

3.4 Procedure 

Before contracting a subject we asked her whether she had experience with word 
processing in her job. This was a requirement for participation. At the same time she 
was told that she would receive a reimbursement of Dfl. 7 .50 per hour. 

At the beginning of the training session the operator gave a general introduction 
about the VAT and the purpose of the experiment He told the subject that it is impor
tant to determine the judgement of potential users about the system and implement 
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possible improvements resulting from that, before bringing the system onto the market, 
and that she was asked therefore to contribute to these improvements by giving com
ments or suggestions. This could be done at the end of the last session by means of an 
interview and by filling in a questionnaire. 

In the introduction, the operator also drew a distinction between the M-version and 
the S-version, and he said that the questionnaire would include some questions about 
her preference. 

The training session consisted of two separate parts. First there was a training with 
the M-version. This was done because of the visual support about the available com
mands that is present in the M-version. The subject had to read the manual and do the 
exercises included in it. The manual covered the following sequence of topics: 

- Giving a name to the document. 

- Dictating a text word, possibly resulting into a rejection, a confirmation/rejection 
procedure or a choice procedure. 

- Entering punctuation marks. 

Description of all commands, including mode switching in behalf of entering a 
number or spelling a word. 

After this first part of the training session the subject could take a short break, if 
desired, and then the training continued with the S-version. The manual for this 
second part only mentioned the differences with the M-version (which mainly concern 
the distinction between text words and commands and the way to make selections in 
the confirmation/rejection and choice procedures). Similar exercises as in the first 
training part had to be done. There was no time limit for the training session: its dura
tion varied from about 50 to 100 minutes. 

In the two actual sessions, where a standard text had to be produced on the screen, 
the subjects could consult the same manual, if desired. There was also a sheet of paper 
available, containing an overview of the commands, the keywords of the punctuation 
marks and the keywords of the telephone alphabet. The standard text was printed on 
paper in a large, highly legible font. A few minutes elapsed between the moment that 
the subject got the text and the moment that the system was started up by the operator 
in the adjacent room; this time could be used for preparation. In retrospect, it would 
have been better if this time had been kept constant. In that case possible differences 
in preparation level would have been avoided. 

At the end of the last session, the subject could give her general impression about 
the system in a short interview with the operator. After this interview she had to fill in 
the questionnaire. If necessary, the operator assisted in this. Finally, the operator 
divulged the fact that it was a simulation experiment. But simultaneously he explained 
why this had been done, in order to avoid feelings on the subject's part of being 
abused in a "candid-camera" situation. 
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3.5 Data registration and processing 

All the subject's mouse selections and the keystrokes performed by the operator 
were stored in a registration file with the addition of timestamps: i.e. the points in time 
they occurred after the moment when the name of the document was entered. This 
registration was done by the program automatically. The time was measured with an 
accuracy of one second. Furthermore, all sessions (except the training sessions) were 
recorded on tape, so that all words spoken by a subject (including those which were 
not processed by the operator) could be determined afterwards. 

The dependent variables we wanted to investigate were: execution time and number 
of errors made by the subject. It is important to distinguish these errors well from the 
"speech-recognition errors" evoked by the operator. H the subject reacted on a 
"speech-recognition error" in a correct way, then it is of course not considered as a 
subject error. Also the subject errors can be divided into a number of categories, in the 
same way as the "speech-recognition errors". We distinguished the following 
categories: 

A A capitalization command was forgotten. 

B A wrong keyword for a punctuation mark was spoken in. 

C In the S-version, an invalid (i.e. non-existing) command was used, e.g. 'volgende 
regel' ('next line') instead of 'nieuwe regel' ('new line'). This resulted in a rejec
tion of the word spoken in. 

D A wrong command was used (i.e. a confusion between two commands occurred), 
e.g. 'hoofdletter' instead of 'hoofdletters'. 

E The command 'tekstwoord' in order to escape a default interpretation was forgot
ten. 

F When a word had to be spelled and capitalized as well, the order of the commands 
'letters' and 'hoofdletter(s)' was interchanged. 

G One of the mode switching commands 'cijfers' and 'letters' was forgotten. 

H The mode switching command 'woorden' to return to the normal mode was forgot
ten. 

I A wrong mouse button was clicked, or the left mouse button was clicked while the 
mouse did not point at a button. 

J In the M-version, a command was spoken in instead of selected with the mouse 
(this resulted in the keyword being recognized as a text word). 

K There was a wrong reaction on a confirmation/rejection message or a choice menu. 

L The subject deviated from the standard text. 

M A misrecognition or a wrong-spelled homonym was noticed too late, but corrected 
later. 

N A misrecognition or a wrong-spelled homonym was not noticed at all. 
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0 The rejection of a word was noticed too late, but the word was inserted later. 

P The rejection of a word was not noticed at all. 

Q The command 'centreren' was used at the beginning of a line instead of at the end. 

R In the spelling mode a wrong code word for a letter was used, or a letter was just 
mentioned by name. 

S In the numerical mode the total number was spoken in instead of the digits one by 
one. 

T There was a superfluous use of the command 'nieuwe regel', since a word that 
does not fit on a line is wrapped to the next line automatically. 

U In the S-version, one of the commands 'tekstwoord', 'hoofdletter' and 
'hoofdletters' was tried to be undone with the command 'herstel' instead of with 
the middle mouse button. 

V An additional space command before or after a punctuation mark was forgotten 
(normally only between text words a space character is inserted automatically). 

W The command 'help' was used (this is no real error of course), or the operator 
assisted via the intercom. 

X An erroneous command 'hoofdletter(s)' was not undone before another command 
was entered. In the $-version this resulted in the second command being inter
preted as a text word that had to be capitalized. 

Y The way the subject achieved a goal was too roundabout: e.g. a word was spelled, 
though it would have been recognized if it had been spoken in. 

Z All other errors than those of categories A up to and including Y are included in 
category Z. This category also contains the processing errors that were made by the 
operator (we all make mistakes, and to err is human!). 

The registration files were marked with special code characters, added to the time 
registrations, in the following way. E.g. the symbol @A means that at the point in 
time concerned the subject started an error of category A. The moment when this error 
had been corrected and the subject could continue the dictation process as if the error 
had not been made is indicated by the symbol #A. However, errors that had not been 
corrected did not cause an increase of execution time. This is indicated by the special 
symbol $: e.g. $N means that an error of category N was made at the time concerned 
without being corrected (which is inherent in errors of category N). Nesting of errors 
occurred very frequently, so that error strings could be composed: e.g. a string GFZ 
means that an error of category G started, and then an error of category F started 
before the first error had been corrected, and then an error of category Z started before 
the other two errors had been corrected. Fig. 3-1 shows an example of an encoded 
registration file fragment with error nestings, while table 3-2 shows the corresponding 
error times (both exclusive and inclusive of nestings) associated with each error string. 
The strings in this example and the error times were taken from one of the registration 
files, but for the sake of demonstration some adaptations have been made. It can be 
seen in fig. 3-1 that the rejection of the text word between 'de' and 'spoorlijn' was not 
noticed (the word 'bestaande' should have been inserted), yielding a P-error with asso
ciated time 0. In this example, the Z-error indicates that the subject forgot to speak in 
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0:27:10 recopized and printed: 1mgs 
0:27:13 recogniu:d and printed: de 

0:27:16 word rejected 
0:27:19 recognized and printed: spoorlijn 
0:27:23 COMMAND: nieuwe regel 
0:27:26 COMMAND: hoofdlea.er 
0:27:29 recognized and printed: Antwerpen 
0:27:32 PUNCTUATION MARK: (spatie) 
0:27:39 PUNCTUATION MARK: - (koppelteken) 
0:27:43 COMMAND: hoofdletrer 
0:27:46 recognized and printed: Herstel 
0:27:50 COMMAND: herstel 
0:27:52 PUNCTUATION MARK: (spatie) 
0:27:54 COMMAND: hoofdleaer 
0:27:59 recognized Ind printed: Roosendaal 
0:28:02 PUNCTUATION MARK: (spatie) 
0:28:04 PUNCTUATION MARK: - (koppelteken) 

0:28:07 PUNCTUATION MARK: (spatie) 
0:28:10 recognized and printed: rotterdam 
0:28:13 COMMAND: herstel 
0:28:15 COMMAND: hoofdleua 
0:28:18 recognized and printed: Rouenlam 
0:28:20 PUNCTUATION MARK:. (punt) 

0:28:27 COMMAND: spalies 
0:28:33 COMMAND: hentel 
0:28:38 word rejectcd 
0:28:57 word rejected 
0:29:01 COMMAND: help 
0:29:32 0 

0:29:39 COMMAND: nieuwe recel 
0:29:43 COMMAND: hoofdleua 
0:29:46 ncopized md printed: In 

Fig. 3-1: Example of a registration file fragment with error codes in the left margin. 

Error times Error times 

F.rror (in seconds), (in seconds), 

strings exclusive of inclusive of 

nestings nestings 

A 5 5 
D 13 72 

DZ 28 59 

DZW 31 31 
p 0 0 
T 3 3 

v 3 9 

vu 6 6 

Table 3-2: Error times associated with the error strings of fig. 3-1. 
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a number after the command •spaties', and that the command 'help' had to be used to 
solve this problem. Moreover, the command 'spaties' was a wrong command, because 
'nieuwe regel' was meant (indicated by the D-error), and that is the reason why 'O' 
was specified as the number of spaces to be inserted. 

The error encoding process required a great deal of human intellectual analysis, and 
therefore it was carried out "manually" with the aid of the tape recordings. The rest of 
the data processing could then be done automatically: the total times spent on errors of 
all categories and the number of times those errors occurred were calculated, as well 
as the total time for correct actions (the remaining time of the session). 

Two additional quantitative measures were calculated in the following way: 

- ATCA is the Average Time per Correct Action. It is defined as the total time for 
correct actions (i.e. the total time of the session minus the total time spent in 
correcting subject errors) divided by the total number of actions performed in that 
time (i.e. the total number of spoken text or command words plus the total number 
of mouse selections). ATCA is a useful quantity to compare the speeds of the M
and the S-version. 

- ATTU is the Average Time per Text Unit. This is the total time of the session 
(including the time spent in correcting subject errors) divided by the number of text 
units in the standard text. The number of text units is the number of words in the 
text plus the number of punctuation marks. Each capitalized word (first letter or 
entire word), however, is counted as two text units, since it requires two actions (the 
command to capitalize the word and the dictation of the word itself) to enter such a 
word. Defined in this way, the standard text for the M-version contains 249 text 
units, and the standard text for the S-version 209 text units (see table 3-1 ). A TfU is 
a quantity that may be helpful to predict the dictation rate of an operational VAT. 

3.6 Hypotheses 

Concerning the relationships between the dependent and the independent variables 
and the frequency of the error categories we had the following hypotheses before the 
experiment started: 

Influence of the command device: 

- ATCA will be smaller in the S-version than in the M-version, since in the S-version 
there is no switching of the subject's focal area from the screen to the mouse and 
vice versa. 

- The number of subject errors will be greater in the S-version than in the M-version, 
since in the S-version there is no visual support on the right side of the screen 
regarding the commands that are available. 
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- It is difficult to predict the behaviour of A TIU as a function of the command 
device, since the first effect mentioned above will reduce A TIU in the S-version, 
whereas the second effect will increase it. However, in course of time a user will 
get more familiar with the system, so that the number of errors will decrease (in 
both versions). Then the first effect will dominate, which results in a smaller value 
of A TIU in the S-version. 

lnftuence of the error rate: 

- ATCA, A TIU and the number of subject errors will all be larger at a high rate of 
"speech-recognition errors" than at a low rate of them. On the one hand it takes 
more time to correct the "speech-recognition errors" (increase of ATIU), while on 
the other hand the fact that they occur more frequently can make the subject more 
doubtful and thus influence ATCA and the number of errors in a negative sense. 

Error categories: 

- We supposed that mode switching in behalf of spelling a word or entering a number 
is one of the most difficult options of the system, in particular when a word that 
should be capitalized has to be spelled. Also, switching back to the normal dictation 
mode may easily be forgotten. Thus, the errors of categories F, G and H may occur 
frequently, especially in the S-version, and it may take much time to correct them. 



- 32 -

4 EXPERIMENTAL RESULTS 

4.1 Introduction 

As explained in section 3.3, the design of the experiment yielded four groups of 
subjects, denoted as MSL, SML, MSH and SMH, where the first two characters refer 
to the order in which the M-version and the S-version were used, and the third charac
ter to the rate of "speech-recognition errors". The assignment of the subjects to these 
groups was as follows: 

- MSL consisted of subjects A, B and C. 

- SML consisted of subjects D, E and F. 

- MSH consisted of subjects G, H and I. 

- SMH consisted of subjects J, Kand L. 

4.2 Analysis of the questionnaires 

After the last session the subjects had to fill in a questionnaire. Below we give a 
translation of the questions into English along with an overview of the answers the 
subjects gave. In this chapter references to individual subjects are indicated by the 
letters A-L. 

1. Name. 

2. Profession. 

All subjects were secretaries. 

3. What kind of education did you receive? 

- General secondary education, followed by a secretary course: subjects B, C, E, 
H, Kand L. 

- General secondary vocational education: subject A. 

- Secondary vocational education in administration: subjects D, G and F. 

- Secondary grammar school, followed by a secretary course: subjects I and J. 

Subjects E and I also specified that they had learned to write shorthand. 
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4. Can you specify your computer experience? 

The twelve answers were: 

A WANG-PC. 

B WANG + IBM Visiontext. 

c P3102 with T3 package. 

D VAX word processing. 

E Philips computer centre. 

F IBM-PC with Wordstar. 

G Dual 16. 

H IBM-AT with Wordstar and~ package. 

I HP-Apollo-B6700. 

J Word processor. 

K Olivetti-PC 

L WANG. 

5. Are you acqainted with conventional dictation equipment? 

- Yes: subjects C, D, F and K. 

- No: subjects G, H, I, J and L. 

- Not really: subject B. 

- In former days, not any more now: subjects A and E. 

6. Can you imagine situations in your work, where the system you have been intro
duced to could be useful? If yes, can you specify these situations? 

The twelve answers were: 

A Yes, for the writing of notes and articles. 

B No, because scientific formulas etc. cannot be entered. 

C No. 

D Not yet. 

E Yes, for an orderly processing of shon messages, e.g. in situations with many 
incoming telephone calls, or for the exchange of messages between several 
part-time employees. 

F No. 

G Yes, for the writing of letters and reports. 

H Yes, for the writing of lecture notes, articles and letters. 

I It may be useful in the future, provided that scientific formulas etc. can be 
entered and the environment is sufficiently quiet. 

J It could replace conventional typing machines and word processors in the 
future, provided that the system becomes much faster. 
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K Yes, it would be' nice to get rid of illegible handwritings. 

L Yes, it could be used instead of a dictation machine or a word processor, pro
vided that the environment is sufficiently quiet. 

7. You have worked with two versions of the system: in one version commands had 
to be selected with the mouse, in the other version they had to be spoken in. Do 
you prefer one of the two versions? I/yes, why? 

Subject G had a slight preference for the M-version, because in that case you 
need not worry about the use of the command 'tekstwoord'. Subject H had a 
strong preference for the M-version, because it provides you a clearer view of the 
commands, and prevents confusing them with text words. All other subjects pre
ferred the S-version. The advantages they mentioned were: it seems to be faster, 
you need not search a command on the screen, and you only have to do one thing 
at a time. 

8. Below you find an overview of .all options (i.e. the confirmation/rejection and 
choice procedures) and commands. Can you give judgements about these options 
and commands, on a scale of points in the range from 1 up to and including 5, 
regarding: 

- your preference for mouse or speech selection ( 1 = strong preference for 
mouse; 5 = strong preference for speech), 

- the functionality of the option or command (1 = very unfunctional; 5 = very 
functional), 

- its user-friendliness (1 = very user-unfriendly; 5 = very user1riendly)? 

It doesn't make sense to give a detailed description of the subjects' answers to 
this question, because there were no remarkable differences between them. Glo
bally, we can say that for the subjects who preferred the S-version (according to 
question 7) this preference applied to all options and commands, even the com
mand 'opnieuw', though in the experiment most of the subjects forgot to use 
'tekstwoord' when the word 'opnieuw' occurred in the text. The two subjects who 
had expressed a general preference for the M-version, however, did not clearly 
express this preference for the individual options and commands. All options and 
commands were thought to be functional and rather user-friendly. As to the user
friendliness, only the commands 'tekstwoord', 'centreren', 'homoniem' and 
'opnieuw' (especially this one) made a somewhat lower score. 

9. Are there any commands that should be added to the system? 

The following suggestions were made: 

- Command to go back in the text in order to make a correction, without deleting 
the intermediate words (edit possibilities afterwards). 

- Commands to change the font of the text (underline, bold, italics). 

- 'Search and replace' a word. 
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- Fill and justify options. 

10. Were you able to follow the contents of the text while you dictated it, or did the 
use of the system demand too much of your attention? 

Subjects D, G, J, K and L could follow both texts without any problem. Subjects 
B, E and H had problems in the S-version only. Subjects A and I had difficulties 
to follow the text at certain moments only, without difference between the two 
versions. Finally, the use of the system monopolized the attention of subjects C 
and F, because of the system's slowness (F) or the fact that only one training ses
sion had been passed through (C). 

11. Do you have any other suggestions to improve the system? 

The following remarks were made: 

- The system should be made much faster. 

- It should be possible to follow a "draft" strategy in composing a text, which 
means that the text is composed in two mges: a dictation stage and an edit 
stage. This implies that more edit possibilities afterwards are required. 

- Some commands should be renamed. In particular 'opnieuw' is a word that 
occurs too much as a text word. One subject had difficulties to distinguish 
'tekstwoord' and 'woorden'. 

- It should be possible to switch the command 'hoofdletters' on and off. In that 
case it would not be necessary to repeat it for each word of a sentence (e.g. a 
title), if that sentence should be capitalized as a whole. 

- The command 'opnieuw' should be secured against unintentional use. 

- The numerical and spelling modes could be joint into one 'character' mode. 

- Some subjects preferred the use of the command 'centreren' at the beginning of 
the line to be centered instead of at the end of it This depended on the conven
tion in the word processing package they were used to. 

- There were also some subjects who would find it more convenient, if in the S
version the number associated with the commands 'regels overslaan', 'spaties' 
and 'terug' could be spoken in before the command instead of after it. 

4.3 Quantitative analysis of the registration data 

In this section, the following four kinds of measured data will be analyzed and the 
influence of the conditions on them will be investigated: 

- The quantities ATCA and ATTIJ. 

- The total time spent on subject errors in relation to the total time used for correct 
actions. 
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The number of subject errors (all categories summed). 

- The relation between the number of subject errors and the mean time needed to 
correct them, itemized per category. 

A thorough explanation of the statistical methods used for these analyses can be 
found in many books, e.g. Mendenhall and Ramey (1973). 

ATCA and AITU: 

Table 4-1 displays the ATCA and A TTIJ values calculated from the data in the 
registration files, ordered per subject and per condition. Also the mean values and the 
standard deviations of the values obtained under the various conditions are given. The 
mean values and standard deviations of the ATCA data are visualized in fig. 4-1, those 
of the A TI1J data in fig. 4-2. 

Conditions Conditions 
Subjects 

ML SL 
Subjects 

MH SH 

A 2.83 2.10 G 3.04 3.17 

B 2.81 2.82 H 3.17 3.66 

ATCA 
c 2.98 2.25 I 4.05 3.48 
D 3.32 2.53 J 2.84 2.68 
E 3.57 3.34 K 3.35 2.95 
F 3.10 2.78 L 3.51 3.11 

Mean value 3.10 2.64 3.33 3.17 

Standard deviation 0.30 0.45 0.42 0.35 

A 5.96 5.57 G 5.03 5.92 
B 4.80 6.04 H 7.32 12.80 

A1TU 
c 6.86 6.75 I 9.02 9.82 
D 5.08 4.45 J 4.89 4.98 
E 5.36 4.66 K 6.29 6.26 
F 5.89 7.73 L 6.46 5.69 

Mean value 5.66 5.87 6.50 7.58 

Standard deviation 0.74 1.25 1.54 3.07 

Table 4-1: ATCA and A1TU values (in seconds), ordered per subject and per condition. 

In table 4-1 it can be seen that the variances in the results of different subjects from 
the same group are considerable. In order to test whether these variances dominate 
those caused by the independent variables we performed a one-factor analysis of vari
ance (ANOV A) over the results of the individual subjects, in which the number of 
observations per cell (i.e. the number of measurements per subject) is 2. The results of 
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ML MH M SL SH s L 

Conditions 

Fig. 4-1: Mean values and standard deviations of ATCA, ordered per condition. 
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Fig. 4-2: Mean values and standard deviations of ATTIJ, ordered per condition. 

H 

H 

• Mean 
~ Std.Dev 

• Mean 
~ Std.Dev 



- 38 -

this ANOV A are shown in table 4-2, where the symbols stand for the following quan
tities: 

- DF is the number of Degrees of Freedom, 

- SS is the Sum of Squared deviations, 

- MS is the Mean Square (MS= SS/DF), 

- F is the test statistic used in the F-test, 

- Pc is the probability that an observed difference has been obtained by chance. 

Source DF SSATCA MSATCA F-test ATCA SSATIU MS A ITU F-test ATIU 

Between 
11 3.173 0.288 F = 2.50 63.88 5.81 F = 3.66 

subjects 

Within 
12 1.386 0.116 Pc= 0.066 19.02 1.59 Pc= 0.017 

subjects 

Total 23 4.559 82.90 

Table 4-2: Results of one-factor ANOVA over the subjects, applied on ATCA- and ATIU-data. 

In this ANOV A, P is the probability that the observed differences between subjects 
have been obtained b~ chance, and not by substantial differences between the subjects. 
Table 4-2 confirms our suspicion that differences between subjects, as mentioned in 
section 3.3, play a decisive role: P = 0.066 for ATCA and 0.017 for A TIU. This has 
to be taken into account in the conf parison of the conditions. 

The second thing we are interested in is, whether interaction between the two 
independent variables (command device and error rate) on ATCA and ATTU occurs. 
In order to test this, we performed an ANOV A for two-way classifications, in which 
the number of observations per cell (i.e. the number of measurements per condition) 
amounts to 6, as can be seen in table 4-1. The results of this ANOV A are shown in 
table 4-3. We see that no interaction exists: P = 0.33 and 0.58 for ATCA and ATIU, 
respectively. This means that, whatever the ceffect of the error rate on ATCA and 
A TIU, it does not appear to differ across the commmand device, and vice versa. 
Furthermore, we see that, when the level of significance a (the threshold value of Pc) 
is chosen to be 0.05, only the difference in the A TCA values for the two levels of tlie 
error rate turns out to be significant. However, in this ANOVA the fact that each sub
ject performed the task twice (under two different conditions) was not taken into 
account. But thanks to this fact the ATCA and A TIU values belonging to the same 
subject may be paired, and these pairings can be used in testing the significance of 
differences between conditions, if t-tests are performed on the data in table 4-1. In 
comparing the two command devices (M and S) a paired t-test has to be applied, 
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Source DF SSATCA MSATCA F-test ATCA SSA ITU MSATTIJ F-test AITU 

Error 
1 0.874 0.874 

F = 5.89 
9.779 9.78 

F = 2.81 

rate Pr= 0.025 P,. = 0.11 

Command 
0.570 

F = 3.84 F = 0.711 

device 
1 0.570 2.470 2.47 

P,. = 0.41 Pr= 0.064 

Interaction 1 0.147 0.147 
F = 0.993 

1.127 1.13 
F = 0.324 

Pr= 0.33 Pr= 0.58 

Within 
20 2.968 0.148 

conditions 
69.53 3.48 

Total 23 4.559 82.91 

Table 4-3: Results of two-factor ANOVA over the conditions, applied on ATCA- and ATTIJ-dala. 

because the command device was a within-subjects variable, whereas the comparison 
of the two error-rate levels (L and H) requires an unpaired t-test, because the error rate 
was a between-subjects variable. 

Groups 
Kind of 

DF pc.ATCA t-test tATCA tAITU Pc.ATTIJ 

ML-MH unpaired 10 -1.06 0.31 -1.21 0.25 
SL-SH unpaired 10 -2.31 0.043 -1.26 0.24 

ML-SL paired 5 3.44 0.018 -0.48 0.65 

MH-SH paired 5 0.94 0.39 -1.18 0.29 

L-H unpaired 22 -2.28 0.032 -1.72 0.10 

M-S paired 11 2.77 0.018 -1.28 0.23 

Table 4-4: Results oft-tests applied on ATCA- and ATTU-data. 

The results of the t-tests are shown in table 4-4, where a negative t-value indicates 
that the mean value of the second group in the comparison exceeds the mean value of 
the first group. Choosing a = 0.05, we see that most observed differences in A TCA 
are significant, except for two cases: the influence of the error rate in the M-version 
and the influence of the command device at high error rate do not show significance. 
This may be caused by the fact that in these comparisons subjects G and H are 
involved, and, as can be seen in table 4-1, they were the only subjects with a lower 
A TCA value in the M-version than in the S-version. For all other subjects the reverse 
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is true, except for subject B, whose values are practically equal: These results are in 
perfect accordance with the qualitative data in section 4.2, which showed us that G and 
H were the only subjects who preferred the M-version above the S-version. From the 
last two rows of table 4-4 we may conclude that ATCA is significantly higher at a high 
rate of speech-recognition e"ors than at a low rate of them, and also significantly 
higher in the M-version than in the S-version. This is in complete accordance with the 
hypotheses stated in section 3.6. Regarding the A TIU values, we see from table 4-1 
that A TIU is higher in the S-version than in the M-version. This argues that in the S
version the effect of the increased number of subject errors compared to the M-version 
dominates the effect of the fixed focal area (see section 3.6). A TIU is also higher at a 
high error rate than at a low error rate, as predicted in the hypotheses. But table 4-4 
shows that neither of the observed differences in ATTU is significant. 

Time for correct actions vs. time spent on subject errors: 

In table 4-5, the total times used for correct actions and the total times spent on sub
ject errors (summed over all categories) are given, ordered per subject and per condi
tion. Times obtained under the same condition may be summed, and therefore the total 
values are given, too. In this way, it can be calculated what fraction of the total execu
tion time of all sessions performed under the same condition was used for correct 
actions, and what fraction was spent on subject errors. The percentages of time spent 
on subject errors are indicated in the last row of table 4-5. The time-partitioning 
figures of the various conditions are shown in a graphic form in fig. 4-3. 

We did not perform any statistic test on these data, because they are meant only to 
give a global indication about time partitioning. Moreover, an ANOV A, for example, 
would only have been allowed, if we had had the disposal of the times corresponding 
with each individual correct action and each individual subject error. The output 
obtained from the program that had been written to process the data in the registration 
files, however, only provided us with the number of correct actions in a session and 
the total time used for them, and the number of occurences of each error string 
(nested or not) and the total times spent on them. 

We see that the amounts of time spent on subject errors relative to the total execu
tion times, as expressed by the percentages in the last row of table 4-5, are consider
able. For the individual subjects, these percentages differed highly: the best perfor
mance was made by subject G under condition MH (8.2 % ); the worst performance by 
subject H under condition SH (59.3 %). The percentages found in the S-version turn 
out to be higher than those found in the M-version, which may be due to the absence 
of command buttons on the screen in the S-version, as supposed in section 3.6. On the 
other hand, it is remarkable that the percentages obtained under a high speech
recognition error rate are lower than those obtained under a low one. This result may 
be obtained by chance, which becomes less surprising if table 3-1 is consulted, show
ing that the difference between both error rates was not very large. But it is also possi
ble that in the sessions with a high error rate transfer of training within the session (as 
opposed to transfer from one session to another, as mentioned in section 3.3) occurred, 
and that because of this effect a lower overall error-time percentage than in the 
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Conditions Conditions 
Subjects 

ML SL 
Subjects 

MH SH 

A 905 572 G 1150 916 

B 887 744 H 1173 1088 

Total time used c 926 585 I 1437 1032 

for correct actions D 1055 678 J 1080 740 

E 1104 838 K 1206 858 

F 939 714 L 1341 916 

Total 5816 4131 7387 5550 

A 580 593 G 103 321 

Total time spent B 3()1) 519 H 649 1587 

on subject errors c 782 826 I 810 1021 

(all categories D 211 252 J 138 300 

summed) E 230 136 K 359 451 

F 527 902 L 268 274 

Total 2639 3228 2327 3954 

Error time in % of 
31.2 43.9 24.0 41.6 

total execution time 

Table 4-5: Time components (in seconds), ordered per subject and per condition. 

sessions with a low error rate was obtained. 

Number of subject errors: 

In comparing the number of subject-errors under different conditions, we should 
realize that not all categories may be lumped together. In the following, some 
categories (see the overview of error categories in section 3.5) will be excluded or 
mentioned separately, namely: 

- L, because these errors have nothing to do with the use of a VAT in a real dictation 
task. 

- T, because the occurrence of these errors was probably due to the fact that the 
autowrap facility was not mentioned in the manual that had been read in the training 
session. Furthermore, the standard texts on paper contained less characters per line 
than the maximum number of characters per line that was allowed on the screen. 
Since several subjects supposed that they had to copy the layout on paper to the 
screen exactly, they entered a 'nieuwe regel' command after each line of text on 
paper. 

- W, because this is no real error category. However, it is interesting to know how 
many help requests were made. Therefore, this category will be treated separately. 
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ML MH M SL SH s L H 

Conditions 

Fig. 4-3: Total values of time components, ordered per condition. 

• Error time 
~ Correct time 

- Y, because this is not a real error category either. For example, subject K wanted to 
hyphen certain words. Since she knew that there was no standard option to do so, 
she thought out a way by herself: she spelled the first part of the word, then she 
entered a hyphen (this is a punctuation mark with keyword 'koppelteken ') followed 
by a 'nieuwe regel' command, and finally she spelled the second part of the word. 
Another "error" of this category arose from the fact that in one of the standard texts 
the name of a little village occurred several times. Some subjects supposed that the 
"speech recognizer" would never be able to recognize this name, and started to spell 
it. However, if they had tried to speak it in, it would have been recognized. 

- Z, because in this category all remaining subject errors plus the errors made by the 
operator were dumped. It would take too much time to re-arrange all these errors, 
and perhaps it is not worth attempting to do this. 

In table 4-6, the total number of subject errors, exclusive of the categories men
tioned above, are given, ordered per subject and per condition. The figures in 
parentheses indicate the number of help requests, either on-line or via the intercom 
(cat. W). The graphical representation of these data is shown in fig. 4-4. Because of 
the diversity of the error categories, no statistical tests were performed on these data. 
But we see that the number of errors and help requests in the S-version (particularly 
under condition SH) is higher than in the M-version, which is in accordance with the 
hypotheses in section 3.6. There is no clear difference between the two levels of 
speech-recognition errors. 
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Conditions Conditions 
Subjects 

ML SL 
Subjects 

MH SH 

Number of subject A 28 ( 3) 23 ( 4) G 12 ( 0) 15 ( 0) 

errors (exclusive B 21 ( 2) 25 ( 0) H 20 ( 1) 76 ( 3) 

of categories c 44 ( 3) 45 ( 3) I 36 ( 1) 42 ( 3) 

L, T, W, Y and Z) D 8 ( 1) 7 ( 1) J 10 ( 1) 14 ( 0) 

and number of help E 13 ( 2) 13 ( 1) K 25 ( 0) 26 ( 0) 

requests (category W) F 38 ( 3) 54 (12) L 23 ( 0) 34 ( 0) 

Total 152 (14) 167 (21) 126 ( 3) 207 ( 6) 

Table 4-6: Number of subject errors and (in parentheses) help requests, ordered per subject and per condition . 

• Subject errors 
400 ~ Help requests 
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Fig. 4-4: Total number of subject errors (exclusive of cats. L, T, W, Y and Z) and help requests 

(cal W), ordered per condition. 

A general conclusion may be that one training session was far from sufficient to 
avoid errors in the actual sessions. This means that, if learning curves of subjects' 
performance had been composed, we would have seen that the flat region of those 
curves had not been achieved yet. This might also account for the fact that the mean 
A ITU value in the S-version exceeds that in the M-version (though not significantly): 
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in the S-version the effect of the increased number of subject errors compared to the 
M-version dominates the effect of the fixed focal area (see section 3.6). 

Subject errors, itemized per category: 

Figs. 4-5 up to and including 4-8 show scatter diagrams for the individual error 
categories (except for categories L, T, W, Y and Z) under condition ML, MH, SL and 
SH, respectively. The abscis of each diagram has been scaled for the total number of 
subject errors of a particular category, summed over the six sessions performed under 
the condition concerned; the ordinate has been scaled for the mean time (in seconds) 
spent on such an error per occurrence. In calculating these mean values we used the 
error times exclusive of nestings (see fig. 3-1), so that the obtained mean values were 
not influenced by errors of other categories. Error categories that did not occur at all 
under the condition concerned are not indicated in the diagram. 

In the following we will elucidate the results for the most important categories, the 
other categories need no extensive explanation. 

Our hypothesis, stated in section 3.6, that mode switching errors (categories F, G 
and H) would occur most frequently and take most time, especially in the S-version, 
has partly come true. In the M-version they did not occur very frequently (about once 
per session for each of these categories), but when occurring they took up a great deal 
of time (ca. 15-20 seconds per occurrence). Only errors of category H under condition 
MH took less time (ca. 8 seconds per occurrence): this lower value might have been 
caused by training effects within the sessions under condition MH. In the S-version 
particularly errors of category G occurred more frequently (3 to 4 times per session), 
but the mean time per occurrence is lower (ca. 10 seconds), so that also in this case 
training effects within sessions seem to have occurred. The mean error time for 
category F under condition SL is remarkably high: about 37 seconds. The fact that 
there were only a few words that had to be spelled and capitalized as well under this 
condition apparently provided only a slight possibility for training. 

With respect to category E we observe that the number of occurrences in the S
version is somewhat higher than in the M-version. Under all conditions there were two 
ambiguous text words (table 3-1 shows that in the M-version two punctuation-mark 
interpretations had to be escaped, and in the S-version one punctuation-mark and one 
command interpretation), so that the total number of ambiguous words in all sessions 
with the same condition was 12. The fact that the numbers of occurrences under condi
tions SL and SH were 10 and 11, respectively, does not mean that the escape com
mand was forgotten for practically all ambiguous words, since some subjects made this 
error several times for the same word. The command that had to be escaped in the S
version was 'opnieuw'. If this was forgotten, the dictation of the sentence in which this 
word occurred had to be restarted (12 words, including 2 numbers written in digits, 
had to be entered again). This accounts for the fact that the mean error time for 
category E in the S-version is so exorbitantly high (ca. 35 seconds). 
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Fig. 4-5: Scatter diagram for subject error ca1egories (except for cat. L, T, W, Y and Z) under condition Ml... 
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Fig. 4-6: Scatter diagram for subject error categories (except for cat. L, T, W, Y and Z) under condition MH. 
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Fig. 4-7: Scatter diagram for subject error categories (except for cat. L, T, W, Y and Z) under condition SL. 
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Funhermore, we see that errors of category D occurred much more in the S-version 
(especially under condition SH) than in the M-version, which indicates that in the S
version the lack of command buttons that indicate which commands can be used 
indeed increases confusion. There is no large difference between the mean error times 
of category D under the various conditions. 

Regarding category K we may remark that neither concerning the number of errors 
nor concerning the mean error time large differences between the conditions arise 
(except that the number of occurrences under condition SL is lower). Thus, these quan
titative data do not indicate whether selections in the confirmation/rejection and choice 
procedures should be made by voice or with an additional device. But from the 
answers on question 8 of the questionnaire (see section 4.2) we know that most sub
jects clearly preferred to do these selections by voice. Many of the errors of category 
K were caused by the fact that a confirmation/rejection or choice menu was noticed 
too late, namely when the next text word had been spoken in already. Then the system 
reacted as if the default answer had been chosen, so that, if this was not the correct 
answer, two text words had to be undone with the command 'herstel'. On the other 
hand, only subject G made a conscious use of the possibility to continue the dictation 
process if the default answer was correct, but this did not yield gain of time. Thus, the 
default option did not turn out to be useful. 
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5 DISCUSSION, RECOMMENDATIONS 

AND CONCLUSIONS 

5.1 Evaluation of the design of the experiment 

As we saw in chapter 4, the quantttattve results of the experiment only show 
significant differences between the conditions with respect to the data concerning the 
time that subjects needed to perform correct actions. This means that after elimination 
of all errors made by the subjects and the times associated with them the remaining 
data were sufficiently homogeneous to make a comparison between the conditions. 
However, as soon as the subject errors are involved in the comparison, no significant 
time differences between the conditions are found any more. This does not mean that 
it is impossible to draw meaningful conclusions from these data. They provide a good 
insight in the problems that may be encountered while using a VAT and the times 
associated with them, but no judgement about the condition that yielded the best per
formance can be made. The cause of this lies in the fact that the task that had to be 
performed was rather free: the only instruction the subjects got was to reproduce the 
standard text, which was printed on paper, on the screen. No time limit was posed on 
them, so that each subject could perform the task in her own pace. Regarding this 
aspect, however, considerable differences between the subjects occurred. Some of them 
(e.g. subjects E, G and J) worked in a very calm way: they spoke in the words with 
large intervals of time between them, in which they waited for the system's feedback 
and reflected upon the way they had to react. On the other hand, other subjects (e.g. A, 
F and, in particular, C) were very rushed: they tried to finish the task as quickly as 
possible, which often caused many errors, as a result of which they were seized by 
panic. Another source of disturbation was the fact that one training session was not 
sufficient for many subjects, so that during the actual sessions some subjects were 
more proficient in working with the system than others. In order to keep these effects 
within bounds in future experiments, the following recommendations may be useful: 

- Employ a stringent task description. If one wants to investigate many aspects of the 
use of a VAT, the investigation should be split up into a number of small experi
ments with a very restricted task for the subjects. For example, in order to explore 
how the spelling option should be implemented, one could design an experiment in 
which a fixed number of words has to be spelled under different conditions. The 
words could be divided into groups, according to the number of letters. Three possi
ble conditions might be: ordinary spelling by mentioning the letter names, spelling 
by means of code words (as was done in our experiment) and, if the letters are 
displayed on the screen (e.g. in the configuration of a keyboard), spelling by means 
of a pointing device such as a mouse. 
Of course, there are also disadvantages in this way of experimentation. It costs much 
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more time, if several experiments have to be designed, performed and analyzed 
afterwards. Funhermore, no information about the interaction of all factors that play 
a role in the use of a VAT is obtained. Also, the tasks become less realistic if only 
one aspect at a time is involved. And finally, one should beware of designing exper
iments with a task that could be too tedious for the subjects. 

- Use a completely counterbalanced design, so that a better comparison between the 
conditions can be made, since in that case all conditions are passed through by all of 
the subjects. Differential transfer should be avoided, however, which can be accom
plished by having several training sessions, so that subjects have become sufficiently 
experienced in the use of the system before the actual sessions start. The perfor
mance at the training sessions should also be measured, so that learning curves can 
be composed. A subject should not be admitted to the actual sessions before his/her 
learning curve has become flat. Funhermore, the order in which the actual sessions 
are passed through should still be varied over the subjects. 
The major disadvantage of such a design is, of course, the fact that a subject should 
pass through a lot of sessions, so that it could be difficult to find enough subjects 
who are prepared to participate. In fact it is not certain that learning is completed 
within a reasonable number of sessions. Besides, the danger exists that subjects' 
motivation will decrease in course of time. 

With respect to the stimulus material used in our experiment, i.e. the standard texts, 
we may remark, referring to table 3-1, that it would have been better if the difference 
between both error rates had been made larger. This could have yielded more 
significant data about the influence of the error rate on execution time and performance 
quantities. In order to find a threshold value of the error rate that should not be 
exceeded, since otherwise the system would be unacceptable for the users, it is neces
sary to use a design with more than two levels of the error rate. We also see in table 
3-1 that the number of "problem words" in both texts was balanced as well as possible 
(if the two categories regarding the escape of default interpretations are taken together, 
the conditions ML and SL contain the same amount of "problem words" of all 
categories, and this also applies to the conditions MH and SH). However, with respect 
to the words that had to be spelled we did not take into account the number of letters 
of these words, though this could be an important parameter, and it certainly influences 
A rnJ as defined in section 3.5. To eliminate this shortcoming, we should redefine 
A rnJ in such a way, that each letter of a word that had to be spelled is considered as 
a separate text unit. Unlike the number of "problem words", the total number of text 
words, the number of capit~ized words and the number of punctuation marks of both 
standard texts were not balanced, which yielded a different number of text units (see 
table 3-1). This means that, in spite of the equal amounts of "problem words" of each 
category, the real error rate, expressed as a fraction of the number of text units, was 
not equal under conditions ML and SL, and MH and SH, respectively. 

It is not likely that these shortcomings have had a strong influence on the results of 
our experiment, but it is worthwhile to take into account the considerations made 
above in the design of future experiments. 
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5.2 Conclusions in view of the man-machine interaction 
model 

In section 1.2, where a general model of man-machine interaction was described, we 
stated that the results of a simulation experiment should give insight in the way an 
optimal user interface has to be designed and in the application model that users have, 
and that these results are useful in the optimization of the user model in the application 
program (see fig. 1-1). We will now illustrate these statements and make them concrete 
on the basis of the results from the experiment. 

- In spite of the fact that the S-version gave rise to more subject errors than the M
version, the S-version was preferred by most of the subjects, because of the fact that 
it seemed to be somewhat faster to them, and that they did not have to search a 
command button on the screen and move the mouse to the position concerned. The 
quantitative results show that only as to the time used for correct actions the S
version was indeed significantly faster than the M-version. The lower number of 
subject errors in the M-version may have been caused by the visual support that the 
command buttons supplied. Apparently the command buttons were a useful source 
of information, but not the most suitable means to enter the commands into the sys
tem. From this result we may conclude that optimization of the user model in the 
application program implies that a version of the program is developed in which a 
field with command buttons is present, as in the M-version of our experiment, but in 
which the commands can be entered by voice, as in the S-version of our experiment. 
This conclusion, however, only applies to the basic commands that were involved in 
the experiment. Many subjects expressed the wish for additional commands to edit a 
dictated document afterwards. For this kind of commands an additional pointing 
device, with which parts of text to be edited can be selected, seems to be desirable. 

- The fact that within the confirmation/rejection and choice procedures a default 
answer was implemented did not turn out to be useful. There was only one subject 
who consciously used the possibility to continue the dictation process if the default 
answer was correct, but even for her this did not yield any gain of time, since it 
remained necessary to inspect whether the proposed word in the 
confirmation/rejection procedure was correct or which word in the menu of the 
choice procedure was correct. But, more severely, if a confirmation/rejection mes
sage or a choice menu was not noticed or noticed too late (i.e. when the next text 
word had been spoken in already), then the default answer and the next text word 
were appended to the text simultaneously, and this reaction of the system was unex
pected by the subjects. Moreover, some subjects reacted to a menu by repeating the 
word that was meant, and the consequence of this was that the default word was 
appended to the text and for the repeated word (which could be the same as the 
default word) the confirmation/rejection message or choice menu was displayed 
again. This was also a confusing reaction for the subjects. 
The conclusion of this is that the user model of the application program would be 
better adapted to the application model of the user if the system came in a blocked 
state when entering the confirmation/rejection or choice procedure and the user were 
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forced to answer the question explicitly: This conclusion is based upon observations 
in our experiment, where the system reacted rather slowly when the 
confirmation/rejection or choice procedure was entered (the response time could rise 
to more than two seconds due to the fact that the word(s) to be displayed in the 
menu had to be looked up in the database). One can imagine that in a system with a 
lower response time the probability that the next text word is spoken in before the 
menu on the screen is noticed is smaller, and for such situations the conclusion may 
be different. 

- The keywords of the commands were not always sufficiently self-explaining to the 
subjects. One subject did not remember how she had to leave the spelling mode in 
the S-version, and then she simply tried a number of commands until she found the 
correct one. Another subject often confused the keywords 'tekstwoord' and 'woor
den'. In these situations the subjects did not have a correct application model in 
their mind. 
Perhaps an important improvement would be achieved if apart from the normal dic
tation mode, in which words, punctuation marks and commands can be entered, only 
one additional 'character' mode were implemented instead of the two (numerical and 
spelling) modes in our experiment In this character mode it should be possible to 
enter letters (capitalized or not), digits and punctuation marks, so that arbitrary 
strings could be composed. The keyword to enter this mode could be 'begin spel
ling' ('beginning of spelling'), while the keyword to leave it could be 'einde spel
ling' ('end of spelling'). In retrospect, these keywords seem to be more self
explaining than 'cijfers', 'letters' and 'woorden'. 

- When the command 'tekstwoord', used in order to escape the command or 
punctuation-mark interpretation of an input word was forgotten, the system reacted 
in a way that was not expected by the subject. For rigorous commands, such as 
'opnieuw', this is undesirable. Such commands should be secured against uninten
tional use, e.g. by a warning message on the screen that asks the user to confirm the 
choice if he really meant the command interpretation. 

- Some subjects employed the command 'centreren' at the beginning of the line to be 
centered instead of at the end of it (error category Q; see section 3.5), depending on 
the convention in the word processing package they were used to. Initially, the pro
gram could not cope with this subject error: trying to center an empty line caused 
the program to be aboned. This bug in the application program came to light during 
a pilot session, and it was removed before the start of the actual experiment. This 
provides a clear example of an improvement in the user model in the application 
program, since it was stated in section 1.2 that the system should be able to cope 
with all possible actions of a user and react in a way that appears logical to him 
(and the abortion of the program can hardly be seen as a logical reaction!). 

- The arrangement of the information provided in the help windows that could be 
called up with the command 'help' leaves much to be desired, since many subjects 
could not find the information they were looking for. Especially in the normal dicta
tion mode the amount of help information was considerable (it consisted of three 
pages on the screen). The way in which such an amount of information should be 
presented to be really useful deserves an entire investigation in itself. 
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5.3 General conclusions 

The most important general conclusions that can be drawn from the results of the 
experiment are the following ones: 

- Most of the subjects expressed a positive general impression about the system, and 
saw possibilities for future use. Only two of them (C and F) were definitely negative 
in their judgement. 

- Voice turned out to be the most favourable device to enter simple layout and correc
tion commands. Most subjects did not feel the need of a separate device for this. 

- As to the correct actions, selecting commands by voice was indeed significantly fas
ter than doing this with the mouse. 

- Visual. feedback on the screen with respect to the available commands appeared to 
be a useful means to prevent certain subject errors. 

- Generally, the response times of the system were experienced as being too large. 

- The lack of possibilities to edit a document afterwards turned out to be the most 
important shortcoming of the system. 

5.4 Prospects for building a real VAT 

In section 1.4 it was remarked that the simulation program had to be structured so 
that it would be easy to transform it to a version talcing its input from a real speech 
recognizer. This goal was achieved thanks to the fact that we used the Prolog-graphics 
interface to implement the state transition diagram of the system's dialogue (see fig. 
2-2). All keyboard input was replaced by input from a "Vocalink" Speech Rcognition 
Board (SRB), manufactured by Interstate Voice Products. The SRB had been built into 
a P3200 Personal Computer, and its output was converted to RS-232 signals that were 
received by the serial port of one of our SUN workstations. The "Vocalink" has a 
maximum vocabulary of 240 words. It was trained for all of the commands of the 
VAT prototype, the punctuation marks, the codewords of the telephone alphabet, the 
digits and 30 ordinary text words, which yielded a total number of 112 trained words. 
The system obtained in this way works in principle, but the recognition performance is 
rather poor. Furthermore, only a word that is recognized by the SRB can be sent to the 
SUN at the moment. Other information, such as a list of candidate words with the 
scores they made, are not available yet, so that the confirmation/rejection and choice 
procedures could not be implemented. In the near future a program that provides facili
ties for more advanced communication between the SRB in the PC and an application 
program running on the SUN will be developed. This will enable us then to implement 
these procedures. Moreover, it will be possible to train or update the SRB from the 
SUN. For this purpose an extra command could be added to our application program. 
This will yield a real (first generation) VAT with a protocol based on the simulation 
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program that was used in our experiment. 
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