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Abstract 

The usability of speech in human-computer communication is investi

gated in an experiment in which text output and speech output are com

pared in an on-line Help System of a Word Processor. Subjects had to 

carry out two different tasks with text and speech help on a simulated 

Word Processor, that was especially designed for the experiment. 

Performance measures did not indicate a difference between text- and 

speech output, but showed only a difference between the tasks. Ques

tionnaire data, however, indicated that subjects showed an overall 

preference for text output. 

The discrepancy between the performance and the preference data could 

be partly ascribed to the simulator used, which permitted only very 

simple word processing tasks. Therefore, further research should di

rected towards conducting experiments with more realistic word pro

cessing tasks. 

Other future research should concentrate on speech output as well as 

speech input, since a combination of both can only fully capitalize on 

the usability of speech in human-computer communication. 
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Introduction 

Recent technological advances have provided the possibility of using 

speech as a means of communication with computers (Van Veghel, 1985). 

The use of speech could be considered a development in the right di

rection, since speech is one of the most natural methods of communica

tion between people. 'Virtually everyone can speak one of the natural 

languages- perhaps not grammatically hut fluently.' (Chapanis, 1981). 

In contrast to speech, typewriting is considered the least widely 

spread of common human communicative skills, hut the easiest and most 

adaptable for human-computer communication. 

Since speech is far more natural for communicative purposes than the 

usual mode of communication with computers, it would be interesting to 

investigate whether speech could be of any contribution to the design 

of amore user-friendly human-computer interface. Valuable sugges

tions with respect to the nature of the implementation of speech in 

the interface might be expected from a human factors point of view. 

Recent advances in computer technology have created a breakthrough in 

the availability of word processing facilities for non-professional 

and professional workers alike. These facilities appear in a variety 

of forms: ·from PCs to text-editors on minis and mainframes (Maris, 

1986). This boom in word processing use is most profound among cleri

cal workers in the office environment, where typing manuscripts and 

sending mailings is increasingly mediated by the computer. 

Due to those technical advances on the one hand and the demands of the 

users on the other, the word processor (WP) has become amore and more 

sophisticated piece of equipment. WPs today should be multi-purpose 

and serve a multi-user population. A problem of increasing importance 

then, is the design of the user interface. 

The design of the user interface should aim at providing flexible 

operations to users with a wide spectrum of skills and intellectual 

levels (Van Veghel, 1985). A step into th~t direction may be provided 

by an on-line help system (HS). It could serve the beginning as well 

as the experienced user. When the HS is implemented as an 'optional 

menu' (Kasuga, 1982), it creates a 'learning while doing' environment 

for the beginning user, while it leaves the possibility open for the 

experienced user to bypass the HS and use the WP-functions and 
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commands directly. Figure 1 gives an illustration adapted from Kasuga 

(1982). 

[ Insert Figure 1 about here ] 

An on-line HS may be a useful application to investigate the human 

factors aspects of speech output in the communication between human 

and computer. An advantage of using speech output might be that the 

WP user can, at least visually, concentrate completely on the WP task. 

While listening to the help scripts, she/he can simultaneously execute 

the instructions described (Van Veghel, 1985). 

Combining the developments in speech research on the one hand and the 

increasing importance of a user-friendly interface in a WP on the 

other, bas a two-sided advantage. Speech on the one hand might prove 

to be a valuable contribution to the improvement of the 

user-friendliness of the WP interface, as was already mentioned. A WP 

on the other hand, provides the opportunity to investigate whether 

speech is more user-friendly than the more usual modes of communica

tion with a WP, such as keyboard and text. 

This report will investigate the human factors aspects of speech in an 

on-line HS of a WP. The experiment reported is an exploratory study 

of the advantages and disadvantages of using speech output to replace 

text output in an on-line HS of a WP. As yet, the investigation will 

be restricted to speech at the output side. While it is recognised 

that an interactive speech system (utilising speech input as well as 

output) can more fully capitalise on the advantages of using voice, 

the study of each component is also useful. In some situations, 

speech output may be worthwhile independently of the input mode (Po

tosnak and Van Nes, 1984). 

The experiment was conducted with a simulation of a WP that was espe

cially designed for this investigation. SLbjects had to carry out two 

different tasks with this simulation instrument. Since none of the 

subjects was aquainted with this particular machine, the HS of the 

simulator should be consulted to solve the problems posed in the 

tasks. The information provided by the HS could be either in text or 

speech. 
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Task performance measures were 

speech version of the HS. At the 

collected 

end of 

to 

the 

compare the text and 

experiment subjects 

answered a questionnaire in which they were asked to rate the differ

ent versions of the HS on a number of dimensions, including a prefer

ence scale. 
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Method 

Introduction 

A recent trend in the development of word processing equipment is a 

technique that has been described as rapid prototyping (RP). It is a 

way to evaluate a user interface by asking representative users to 

perform specific tasks using a prototype and to provide feedback on 

the system's ease of use (Adamski, 1985; Ball & Hayes, 1982; Boar, 

1985; Mason & Carey, 1985; Pew, 1985; Wasserman, 1984). 

Today, a WP should serve a population that differs in word processing 

experience and uses the WP fora wide variety of purposes. In de

veloping the WP and especially the interface, one wants to take ac

count.of all needs and wishes of this diverse population. Therefore 

it is important to investigate those user requirements and implement 

them in the design of the equipment. 

The complete WP, however, is a very sophisticated piece of equipment, 

which in its ultimate form cannot be modified easily. Modifications 

then should be executed in an early state, when the design is still 

flexible and changes can be more easily carried out. Modifying the 

final product is a costly and time consuming operation; it could lead 

to future clients deciding to buy another product instead, which would 

probably be cheaper and more readily available. 

RP is used as a technique to design prototypes or simulations of a new 

product. These prototypes are us~d as a test-bench for the new pro

duct. Programming effor.t should be kept toa minimum, since the 

test-bench must be quickly available to conduct experiments. In that 

respect only a simulation of the final product can be created, which 

lacks all the advanced features of a real WP. As a simulation instru

ment, however, it will do. The interface should be constructed in 

such a way, that valid and reliable experiments can be conducted with 

a future user population. The results of these experiments and the 

attitudes of the users towards the prototy~e should be used as the 

basis for an eventual redesign of the simulation. 

Since the software needs of the prototype are small and simple, modif

ications are easily made and the design can be tested again. Eventu

ally this procedure leads to a rapid development of 'the optimal 

prototype', which can in a next state of the design be implemented in 
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hardware. 

The advantages of RP then appear to be very clearcut. 

- In a very early phase of the design of a new product, simulations of 

the final product can be tested on a future user population. 

- Due to the simple structure of the prototypes, modifications can ea

sily be carried out and the modified design can practically imme

diately be tested again. 

In our experiment we used this technique to design a simulation of a 

WP. It enabled us to design a piece of equipment that would meet the 

criteria of our particular investigation. 

Firstly, we needed a WP with an on-line HS in text and in speech. 

Since an apparatus like that is not to be found, it had to be de

signed. Secondly, creating our own simulation offered great flexibil

ity in designing the layout of the display of the WP. Thirdly, all 

kinds of measures should be automatically recorded during performance, 

including e.g. number of keystrokes, number of mistakes, total per

formance duration and the like. Existing word processing equipent is 

not very suitable for conducting experiments like this. Extra pro

gramming effort to modify the equipment should then be invested, but 

that we wanted to avoid. 

A disadvantage of RP, however, is that the structure of the prototype, 

although simple, is also very rigid. This means that the flexibility 

of the simulation is rather limited. There is always the trade-off 

between the simplicity and the flexibility of the simulation. 

An interesting question then to investigate is whether a 

WP-simulation, although simple, is still advanced enough to conduct a 

valid and reliable experiment. Although this trade-off was not sys

tematically investigated, the results of tte experiment reported will 

give some indication in that direction. 
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Equipment 

The equipment used in this study consisted of a Sun Workstation, on 

which the simulation program was run and a Tandberg programmable tape 

recorder, which served as a speech output device. Figure 2 shows a 

picture of the equipment. 

[ Insert Figure 2 about here ] 

The keyboard of the Sun was slightly modified, to enable the communi

cation with the Tandberg. Two keys on the right keypad could be used 

to pause 

figure 3. 

and repeat the verba! messages. The keyboard is shown in 

The additional keys can be found at the right ('pauze' and 

'herhalen', respectively). 

[ Insert figure 3 about here ] 

Software 

The simulation program was developed in two steps. Firstly the layout 

of the WP was designed. It was constructed from a variety of indivi

dual pictures that were designed with an interactive graphics program. 

These pictures could easily be saved in the form of files. Due to the 

bit-mapped character of the display (1152 (h) x 900 (v) pixels, 81 

pixels/inch), a high-quality layout could be achieved. 

Subsequently the heart of the simulation program was developed. Simu

lating the WP consisted of projecting the indidvidual pictures on the 

screen, so that to the subjects it appeared as though they were werk

ing with a real WP. In fact they were looking at a hollow box, so to 

speak, that resembled a WP only from the outside. 

Displaying and removing the pictures was mediated by a 

state-transition program written in Prolog. Each state was defined by 

a unique collection of pictures. A transition between one state and 

another meant that the farmer collection was removed, and a new one 

displayed. State transitions were initiated by using the function 

keys of the Sun keyboard. 

Communication with the tape recorder was mediated in a similar fash

ion. Separate statements in the state-transition program controlled 

the stop and play function of the tape recorder. The individual 
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messages were adressed via their counter numbers on the recorder. 

Using a structure of Prolog statements to drive the simulator enabled 

rapid and easy modification of the program. Changes to the structure 

could be carried out interactively, since compiling the program was 

not necessary. 

The Simulator 

In figure 1 the conceptual model of an on-line HS was outlined. Help, 

it was mentioned, should be implemented as an 'optional menu', which 

could be used anytime during the execution of the WP-functions and 

commands. 

This model formed the basis of the simulator used in this study. The 

simulator consisted of two modes, being Help or Execute. In the Help 

mode information was provided about the working of the functions and 

commands. The Execute mode made the functions and commands execut

able, so that something could actually be done. 

The simulator had an hierarchical structure of functions and commands. 

On the top level were three functions, namely File, Edit and Format. 

These functions could be selected by the function keys F4, F5 and F6 

respectively (top row of the keyboard). To each function belonged a 

particular set of commands. The commands provided the possibility of 

doing something, e.g. opening a file, deleting a word or character. 

The commands were activated by the L-function keys (left keypad). For 

example,. opening a file meant that the function File should be 

selected (F4) and subsequently the command Open should be activated 

(12) in order to open the particular file. 

The interaction between the Help and Execute mode is illustrated by 

figure 4. From the Execute mode Help could be entered by pressing key 

F3. The Execute mode could be entered by pressing the space bar. 

[ Insert Figure 4 about here] 

As can be concludeà from the figure, in principle a free transition 

was possible between both modes. This meant that from anywhere in the 

structure information could be requested about a particular function 

or command. On the other hand it was possible to leave Help, 
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irrespective where in the structure, to enter a function and execute a 

command. 

Although theoretically the structure of the simulator should enable a 

free transition between the Help and Execute modes, there were some 

practical limitations due to the nature of one of the tasks on the one 

hand and the simplicity of the simulation program on the other hand. 

We will enlarge on this point in discussing the results. 

The actual layout of the display in case of Help is shown in figure 

Sa. It shows an example of the text version of the Help in which in

formation was provided about the function File (Bestand). An example 

of the Execute mode of the same situation is illustrated by figure 5b. 

[ Insert Figure 5 about here ] 

Both figures show that the softkey-labels, i.e. the geometrical re

presentations of the function keys at the bottom of the display, 

always revealed the location in the hierarchical structure of the sim

ulator. This information was highlighted by so called 'pop-up menus' 

and the use of inverse video to indicate which of the functions or 
• commands were 'on'. 

The speech version of the HS lacked the text windows at the left-top 

part of the display, since the Help messages were in spoken form. The 

visual information of the pop-up menus was still available, so that 

the Help information was not entirely auditorily presented. Only the 

Help messages per se were in spoken form. 

The content and the wording of the speech messages was the same as for 

the text messages. Although it is recognized that auditorily pre

sented information probably requires a different wording than visually 

presented information when the same information content is conveyed, 

it was decided to keep the wording of the text and speech messages 

identical. The results with respect to th~ different versions of the 

HS were more easily comparable then. 

All messages were tape-recorded by a male speaker who was highly 

practised at reading out all kind of texts. The rate at which the 

messages were recorded was about five syllables per second. This is 

approximately 'normal' conversation speaking speed (Potosnak and Van 
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Nes, 1984). 

Since the messages were recorded analogically, accessing the applica

ble message was rather slow. Waiting times between the evocation of 

the message and the actual playing ranged from less than a second to 

about three seconds. Altogether 11 messages were recorded. The 

length of the messages ranged from 35 to 104 words, which corresponded 

with a length of 14 to 56 seconds respectively. 

The pause and repeat key could be used at any moment during the mes

sage. If the pause key was pressed the message was stopped and was 

further played when the key was pressed again. The repeat key reiter

ated the message that was played last. Messages could also be inter

rupted by pressing another function key, either F or L, so that new 

information was given about another function or command, or by press

ing the space bar in order to leave Help. 

Subjects 

Twelve volunteers ranging in age from 16 to 30 participated in the ex

periment. All of them said they had never worked on a WP before, al

though some had some experience with text-editing on a PC. Subjects 

were assigned randomly to one of four different groups. Those with 

and without text-editing experience were approximately evenly distri

buted among the four groups. Subjects were run individually and were 

paid an hourly wage for their participation. 

Procedure 

Each subject was tested in four different treatment situations. There 

were two conditions with two levels each. Apart from the text- vs. 

the speech condition (Tand S, respectively), there was a task condi

tion with two different tasks, A and B. This resulted in four differ

ent treatment combinations, TA, TB, SA, SB. The four treatments were 

not administered during one session, due to the fact that each task 

should be executed twice and consequently a strong learning effect was 

expected. To reduce this effect it was decided to split the experi

ment over two sessions. During each session, subjects executed the A 

and the B task. One task was executed with the text version of the 

HS, the other with the speech version. 

Apart from objective measures like task performance, we wanted to rate 

the opinion of the subjects abouc the experiment. Since the 
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experiment was arranged in such a way that during each session both 

tasks were executed with a different version of Help, it was possible 

to conclude each session with an enquiry in which the attitude towards 

the different versions of Help and the level of difficulty of the 

tasks was investigated. 

The order in which the treatments were administered was counterba

lanced across subjects according toa latin square. The four subject 

groups, the four treatments and the two sessions are listed in the 

scheme below. Treatments 1 and 2 were administered during session 1, 

treatments 3 and 4 during session 2, which was approximately two weeks 

later. As can be concluded from the scheme, subject groups got the 

different versions of the HS always in the same order during theses

sions. When, for example, text was administered first during the 

first session, it was also administered first during the second ses

sion. The tasks, however, were balanced across sessions. 

treatments 

1 2 3 4 

groups 

1 TA SB TB SA 

2 SB TA SA TB 

3 TB SA TA SB 

4 SA TB SB TA .. 
session 1 session 2 

The first session began with a general introduction in written form 

about the purpose of the experiment and the functioning of the WP and 

the on-line HS. In it subjects were told that they participated in an 

experiment in which a text and speech version of an on-line HS of a WP 

were investigated. It was outlined that t~o tasks should be performed 

and that these tasks could be executed with the assistance of a Help 

function. Subjects were encouraged to use Help extensively to find 

their way through the WP structure. They got a supplementary verbal 

instruction about the Pause- and Repeat keys in case of verbal Help 

information. Besides, they were told how they could interrupt speech 
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messages by using the F- or L-function keys, thus requesting new Help 

information, or by pressing the space bar in order to leave Help. 

Thereupon a practice task was administered in which the subjects could 

get acquainted with the text as well as the speech version of the HS. 

The practice task consisted of justifying the ragged left margin of a 

document. The practice task was followed by the first two treatment 

tasks. 

The treatment tasks were preceded by a written instruction, in which 

the objective of the particular task was outlined. In bath tasks sub

jects started with a general Help menu (key F3) in which the function

ing of the Help - and Execute mode was shortly outlined. In this way 

subjects started the tasks in the Help mode. 

In task A subjects had to open a file (a letter), save the letter 

under a different name and close the session with the WP. This task 

involved using the File-function. Task B consisted of editing of 

marked sections of a piece of text. These sections should be either 

deleted, corrected or left intact. Since there was no editing facil

ity on this WP, subjects only had to choose the right command of the 

Edit-function to complete the task. If they used the right key, a 

picture with the corrected text was projected upon the marked section • 
• It appeared to the subject that the text was edited automatically on 

the spot. 

After completion of the tasks, the questionnaire was administered 

which asked subjects to rate the tasks and the HS on a number of di

mensions, including: ease of use, complexity, qualities of the word

ing of the help messages in text and spoken form, as well as a few 

aspects of the layout of the display of the WP. 

The second session started with the general instruction again as a 

reminder of the purpose of the experiment. Thereupon the remaining 

two experimental treatments were administered. After completion of 

the tasks subjects had to answer the questionnaire again. 
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The dependent measures other than the subjective ratings were automat

ically recorded by the computer. These included: number of mistakes, 

number of state transitions, number of Help requests and total task 

time. A mistake meant that a wrong key was pressed, i.e. a key that 

did not evocate a state transition. The minimal numbers of state 

transitions and Help requests were deducted from the total numbers of 

state transitions and Help requests needed to complete the tasks. The 

minimal numbers of state transitions were 7 and 13 for tasks A and B, 

respectively. The minimal number of Help requests was 1 (the general 

Help menu) for bath tasks. Since all subjects completed the tasks and 

consequently needed these minimal values, the additional state transi

tions and Help requests reflected amore genuine measure of the level 

of performance of the subjects and the complexity of the tasks. 
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Results 

Performance Measures 

Measures taken during the execution of the simulator tasks showed no 

distinct learning effect. A distinct learning effect is charactarized 

by a steady performance improvement over time. In the results this 

performance improvement should be indicated by a decrease in the total 

task time, the number of mistakes, the number of state transitions and 

the number of Help requests on successive treatments. Of all the per

formance measures, only the time on task (ToT) showed a significant 

treatment effect (F(3,33)=6.75, p<.Ol) of treatment session. However, 

the trend of the means did not show a steady performance improvement. 

ToT first increased, although not significantly, from treatment 1 to 

treatment 2 and then decreased from treatments 2 to 4. Post-hoc tests 

(Newman-Keuls) on the ToT data revealed that the differences between 

the means of treatments 1 & 4, 2 & 3 and 2 & 4 were statistically sig

nificant (see table 1). Although this indicated an overall perfor

mance improvement during the sessions, the effect was not distinct in 

the sense described above. 

[ Insert Table 1 about here ] 

The trend of the ToT data was reflected in the trends of the number of 

state transitions and the number of Help requests (see figure 6 and 

table 2). However, these trends were not statistically reliable • .. 
[ Insert Figure 6 and Table 2 about here] 

The number of mistakes showed a steady decrement during the sessions 

probably due to learning, hut the effect was not statistically signi

ficant. 

None of the measures showed a statistically reliable treatment effect 

of the different versions of the HS. However, a large treatment ef

fect of tasks was found among all hut one of the measures. Only ToT 

showed no significant treatment effect of tasks. 

Apart from the treatment effect of tasks, all hut one of the measures 

showed a significant subjects effect. Only the number of Help 
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requests did not show a significant subjects effect. The results of 

the analyses of variance are listed below (see also figure 7 and table 

3). 

1. Number of mistakes 

Task effect MA= 1.88, MB= 4.17 (F(l,11)= 11.61, p(.01) 

Subjects effect (F(ll,33)= 3.77, p(.01). 

2. Time on task 

Subjects effect (F(ll,33)= 8.34, p(.01). 

3. Number of state transitions 

Task effect MA= 8.33, MB= 2.96 (F(l,11)= 14.81, p<.01) 

Subjects effect (F(ll ,33)= 3 .19, p(.01). 

4. Number of Help requests 

Task effect MA= 4.88, MB= 2.21 (F(l,11)= 10.24, p(.01). 

Figure 7 and table 3 show the results of the interaction between ver

sion of the HS and tasks. This effect, however, was not statistically 

reliable. 

[ Insert Figure 7 and Table 3 about here ] 

The number of state transitions and the number of Help requests de

creased from task A (opening a file, etc) to task B (editing a docu-

ment). ToT tended to decrease from A to Band in that respect it 

followed the trend of the other two. 

The number of mistakes increased from A to B, which could be a con

seqence of the fact that task B was more difficult than task A. On 

the other hand this could be due toa decrease of all other perfor

mance measures. In general, task time and number of mistakes are ne-

gatively correlated: speeding up performance usually results in an 

increase of the number of mistakes. A trade-off between speed and ac

curacy could be found in the data, hut was not supported by a 

stastistically reliable effect. 

As was already mentioned in the previous chapter, subject groups got 

the different versions of the HS always in the same order during the 

sessions. Results of an analysis of variance indicated that there was 

no significant difference between the subjects who encountered the 

speech version of the HS first compared to those who encountered the 

- 16 -

• 



text version first. 

Pauses & Repeats 

The results of Pause and Repeat usage during the speech version of the 

HS are listed below. Pause and Repeat were hardly used during the ex

periment (10 times in total), so no statistically reliable conclusions 

could be obtained from these figures. Pause and Repeat were used 

equally aften. Both were only used during session 1, when subjects 

encountered the speech version of the HS for the first time. 

task A 

B 

Attitudes 

Pause Repeat 

4 

1 

2 

3 

Subjects' attitudes towards the different versions of Help were scored 

on a 5-point scale, with 1 reflecting complete agreement, 5 complete 

disagreement and 3 indifference. Since the questionnaire was adminis

tered twice, the results were averaged over sessions. The complete 

text of the questionnaire (in Dutch) and the results can be found in 

Appendix A. Same of the more interesting of these results are summar

ized below. 

1. The text version of the HS was intelligible (M=l.5). 

2. The speech version of the HS was intelligible (M=2.0). 

3. Messages in text were too long (M•4.0). 

4. Messages in speech were too long (M•2.9). 

5. Text version was preferred to speech version (M=2.3). 

6. Speech version was preferred to text version (M=4.5). 

7. Speech was more comprehensible than text (M=3.3). 

8. Text was more comprehensible than speech (M=2.l). 

Differences between means were tested with a Wilcoxon signed-rank 

test. The results showed that the differences between the means of 1 

& 2, 3 & 4, 5 & 6 and 7 & 8 were all statistically significant. 

Although the text and the speech version of the HS were bath rated as 

intelligible (1.5 and 2.0 respectively), text was rated more intelli

gible than speech. This result was in agreement with the ratings of 7 
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& 8. Subjects more strongly considered text more comprehensible than 

speech, than vice versa. 

The difference between the ratings of the length of the messages can 

also be interpreted in favour of the text version of the HS. Although 

the wording of the messages in text and speech was identical, messages 

in speech were slightly more rated too long than messages in text. 

A more pronounced result with respect toa preference for either the 

text or the speech version could be obtained from statements 5 and 6. 

Subjects far more strongly preferred the text version to the speech 

version than vice versa. 

Apart from ratings about the different versions of the HS, subjects 

were also asked questions about the level of difficulty/easiness of 

different aspects of the tasks that they themselves were permitted to 

indicate. It appeared that subjects considered the tasks fairly easy, 

especially after the second session. When asked which task they con

sidered most difficult, subjects more often rated task A more diffi

cult than task B (38%), than vice versa (29%). 
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Discussion 

In order to investigate whether speech could improve the user friend

liness of the human-computer interface, speech output was compared to 

text output in an on-line HS of a WP. The results of the experiment 

showed that subjects could complete the tasks equally well with text 

and with speech output. None of the performance measures showed an 

effect due to the version of the HS. The performance measures only 

indicated an effect due to the different tasks. 

These outcomes, however, should be handled with care and generaliza

tions should not be too easily deduced from them. The following 

points indicate that the results are coloured due to the low level of 

difficulty of the tasks. 

1. No effect of learning was found among the performance data. Of all 

the performance measures, only ToT showed an overall improvement over 

time, but this result did not indicate a distinct learning effect. 

The other performance measures did not reach the significance level 

for treatment session. Subjects could not improve their relatively 

high level of performance. This could most likely be explained by the 

fact that the tasks were relatively easy. 

2. Relatively large subjects effects were found among the number of mis

takes, the number of state transitions and the number of Help requests 

for treatment combination. 

A significant subjects effect usually indicates a relatively small 

variation due to the treatment factor(s) and consequently a relatively 

small residual and total variation. The variation due to the subjects 

effect then becomes more pronounced relative to the error term (resi

dual variance). 

The reason for the relatively small variation in the treatment factors 

could be a ceiling effect in the performance data. Subjects could not 

perform better on the tasks. This does not seem very unlogical, since 

the tasks to be performed were relatively simple due to the limita

tions of the simulator. 
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3. The task effect is probably a consequence of an artefact of the exper

imental procedure and not of a difference in the level of difficulty 

of the tasks. 

The results showed that the number of state transitions, the number of 

Help requests and ToT decreased from task A to task B. The number of 

mistakes increased. The results of the questionnaire indicated that 

subjects more aften rated task Amore difficult than task B than vv. 

The obvious interpretation of these results, apart from the number of 

mistakes, is that task Ais more difficult than task B. However, it 

seems more likely that these results are not due toa difference in 

the level of difficulty of the tasks, but rather to an artefact of the 

experiment. In task A the Help function could be used from anywhere 

during the execution of the task. If subjects did not know how to 

procede, they could use Help to show them the way. 

In that respect task A completely differed from task B, in which Help 

could only be partly used. In task B subjects had to edit marked sec

tions of text. If they realized how to settle the problem (via Help) 

and started to execute the Edit commands, they could not use the Help 

function anymore. The rigidity of the state-transition program did 

not permit a free transition between Help and Execute, once the Edit 

commands were used. If subjects gat stuck in the middle of the task, 

the only remedy to procede was to test the different Edit commands, 

until one worked. 

The decrement of the number of Help requests and consequently the 

number of state transitions from task A to B seems a logica! conse

quence of the fact that the Help function could only be partly used in 

task B. The increase in the number of mistakes probably reflects the, 

to a certain extent, trial-and-error method subjects used to complete 

task B. 

4. Although performance measures did not indicate a difference between 

the versions of the HS, the subjective ratings discriminated strongly 

between the different version of the HS, indicating a overall prefer

ence for the text version. The discrepancy between the performance 

data and the subjective ratings on this point could possibly be a 

consequence of the simplicity of the tasks. Due to the small varia

tion in the performance data, a discrimination between text and speech 

did not emerge from the performance data, but only from the ratings. 
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All the above mentioned points indicate that the results are toa 

great extent coloured by the instrument used to conduct the experi

ment. This should not be considered toa disappointing however, since 

one of the objectives of this study was to investigate whether a simu

lation program of a WP, designed by RP, is an instrument valuable 

enough to conduct reliable and valid experiments. 

The advantage of RP as a design technique is that in a relatively 

short period of time a simulation instrument can be developed, that 

can be used as a global configuration of a new product. Programming 

effort is only very limited, however, as a consequence, so is the 

flexibility with respect to the working of the simulator. 

One of our objectives was to investigate whether the trade-off between 

programming effort and flexibility favours the use of a simulation 

over using a real WP. This trade-off was not systematically varied. 

We only investigated whether the interactive graphics program to de

sign the layout and the Prolog structure to display the layout pro

duced a valid simulation. 

The results of the experiment with respect to the task performance in

dicate that the tasks were toa simple and toa artificial. The simula

tion program did not prove to be flexible enough to enable advanced WP 

use. The conclusion then seems justified that the simulation program 

in this form is at present unfit to conduct valid experiments in 

text-editing and WP use. 

If we still want to use this program to design simulations, it should 

be extended substantially. This would imply that considerably more 

programming effort should be invested to improve the program. It 

seems very unlikely, however, that a state-transition program is fit 

to handle the complexity of more advanced WP use. Probably an alto

gether different simulation program with amore complex structure than 

state transitions could meet the requirements of an advanced and flex

ible simulator. It remains to be asked, however, whether the elegance 

of RP as a design technique then is still favourable to develop simu

lations or whether other techniques should be exploited to conduct ex

periments on word processing. 

In view of the shortcomings of the simulation program used, it seems 

highly probable that the result with respect to the different versions 
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of the HS is also suspect. Although no performance effect is found 

among the different versions of Help, questionnaire data revealed a 

overall preference for text compared to speech. There seems suffi

cient reason then to presume that a version effect is present. The 

simplicity of the tasks however, prevents an effect in terms of per

formance to show up. 

The ToT data revealed a slight, although not significant effect due to 

the version of the HS. For task A ToT takes langer for speech output 

than for text output. Intuitively this result seems obvious, since 

the presentation of auditory information has, opposed to visual infor

mation, a sequential character and therefore takes langer to present 

and possibly also to process. That the difference between text and 

speech for task A does not reach significance, is probably a conse

quence of the fact that Help was altogether seldom used. As was al

ready mentioned, the tasks were simple and Help did not have to be 

used extensively to be able to complete the tasks. 

Another explanation for the not significant version effect may be that 

Help messages could be interrupted. Messages did not have to be lis

tened to entirely, but could be interrupted by requesting new Help in

formation, i.e. pressing another function key. Help messages in 

speech then may not be wholly perceived, but only listened to partly. 

Therefore, the presumably langer presentation and processing time of 

the speech information did not show up significantly in the ToT data. 

Unfortunately, quantitative support of the interrupting behaviour of 

the subjects was not available. 

The difference between text output and speech output in task A, disap

peared in task B. The most likely explanation seems to be that Help 

was used less aften during task B, so ToT was hardly influenced by the 

different Help modes. 

As was mentioned earlier, speech messages may not be wholly perceived, 

but text messages may not be wholly perceived either. It seems most 

likely that subjects only read portions of the text, i.e. selecting 

the important parts of the message. Subje~ts only needed part of the 

message to solve the immediate problem at hand, so most of the infor

mation content of the messages became superfluous. 

The interrupting behaviour with respect to the speech messages may 

also be interpreted in terms of selection. However, this process is 

fundamentally different from selection in visually presented 
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information. Scanning the relevant parts of an auditorily presented 

message is paced by the sequentia! character of the presentation, 

while visual scanning on the other hand can, and perhaps does, take 

place in amore parallel fashion, due to the all at once way of pre

senting the information. One can skip through the text, concentrating 

on the relevant parts and thus neglecting the irrelevant ones. When 

the information is presented auditorily, however, one has to wait for 

the relevant parts to 'pass by'. 

Some support for this hypothesis is found among the ratings with res

pect to the perceived length of the messages. Messages in speeech 

were more strongly rated too long than messages in text. Although the 

wording of the messages was identical, speech information was per

ceived langer than information in text, probably because subjects had 

to listen to the superfluous parts of the message, while they could 

skip these parts in case of text information. 

Van Nes (1982) extensively covers the different human factors aspects 

of information presentation in text and speech. Table 4, adapted from 

Van Nes, summarizes - the results. These indicate that 'whenever the 

information presented is extensive and complex, i.e. requires a high 

permanence to be wholly perceived or searched by the user, text is 

probably more suitable than speech. But for simple short messages or 

if the user has to remain mobile, auditory presentation is either 

preferable or even the only possibility.' (Van Nes, 1982). 

[ Insert Table 4 about here ] 

The messages used in this experiment were relatively long. All sub

jects were more or less inexperienced users that had to learn to work 

with a new piece of equipment. The messages needed to explain the 

functioning of the apparatus consisted of large blocks of information 

in one piece. In view of the above mentioned considerations this 

could be detrimental to the speech conditicn, since the permanence for 

information presented in speech is quite low. 

For beginning or inexperienced users an on-line HS in speech then is 

not the most obvious way, from a human factors point of view, to find 

the way into the working of a WP. Considering the nature and the 

quantity of information needed, an on-line HS in text seems a more 
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viable alternative. 

The experienced user however, m.ight profit from a HS in speech. Being 

well up in the fundamentals of the WP, he is able to formulate strict 

questions about the working of specific details of the WP. Help in

formation to that sort of questions can be very short and matter of 

factly due to the narrow margins imposed by the questioner: 'How 

could I change the top margin of my document?', 'Use command "CH T M 

new value"(Change Top Margin)'. In this case speech output can be 

very useful, in that it would be a contribution to the 

user-friendliness of the interface. 

The advantage of speech, however, can only be fully capitalized on if 

speech output is combined with speech input. Requesting information 

from the system then is not mediated by key-presses anymore, but one 

could so to speak directly confront the system with the problem at 

hand. Only in this manner can speech be a really positive contribu

tion towards the development of amore natura! communication between 

human and computer. 

For the time being however, the usability of speech is very limited, 

especially of speech input. That was the main consideration to inves

tigate speech output only. Despite the fact that speech is one of the 

most natura! means of communication between people, it is not simply 

transposable to the human computer interface. Human communication is 

far toa complex for it. 'Natura! human communication is extremely un

ruly and aften seems to follow few grammatica!, syntactic and semantic 

rules.' (Chapanis, 1981). 

If we want to investigate the human factors aspects of speech, it 

seems most important to find an application in which the speech in

put/output is regulated by strict syntactic and grammatica! rules. 

This especially holds for the input side. Machines are still not ca

pable of semantically understanding natura! speech, i.e. extracting 

the meaning from an unruly surface structure. Therefore an unambigu

ous input is required. A syntactically anc grammatically correct for

mulation according to simple and uneqivocal rules leaves hardly any 

room for an ambiguous interpretation. 

The example given of the experienced WP user could serve as a valuable 

starting point then. The speech input device need not necessarily be 

a machine, cut could equally well be a human speech recognizer. This 
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has the advantage of a fool-proof syntactic understanding of speech so 

it offers the opportunity to concentrate more fully on the human fac

tors aspects of speech, whithout the limiting factor of a faulty input 

device. This kind of experimentation has been described as the 

'Wizard of Oz' technique (Pew, 1985). A human expert stationed out of 

the user's view is really the 'brains' behind the interaction with the 

bogus system. The method has already proven to be valuable to inves

tigate the human factors aspects of user-computer systems. 

Eventually a procedure like the Wizard of Oz technique opens the pos

sibility to investigate the semantic understanding of speech. Speech 

as a means of communication with computers then reaches the level of 

human communication in which a semantic structure is extracted from a 

grammatically 

contribution 

and 

of 

syntactically incomplete input. 

speech to the development of 

human-computer interface be fully disclosed. 

- 25 -

Only then can the 

a user-friendly 



References 

Adamski, L. Prototyping. Computerworld, May 6, 1985. 

Ball, E. & Hayes, P.A. Test Bed for User Interface Designs. In: 

Proceedings of CHI'82. Conference on Human Factors in Computing 

Sytems, Gaithersburg, Maryland, USA, 1982. 

Boar, B.H. The Future of Prototyping as a User-Friendly DP Strategy. 

Computerworld, August 26, 1985. 

Chapanis, A. Interactive Human Communication: Some Lessons Learned 

from Laboratory Experiments. In: Shackel, B. (Ed.), 

Man-Computer Interaction: Human Factors Aspects of Computers & 

People. Sijthoff & Noordhoff, Alphen a/d Rijn, The Netherlands, 

1981. 

Kasuga, M. An Approach for Designing a Friendly an Flexible User In

terface for an Office Workstation. In: Proceedings of the Inter-

national Zürich Seminar on Digital Communication, Man-Machine 

Interaction. Swiss Federal Institute of Technology, Zürich, 

Switzerland, 1982. 

Maris, L. Bigger screens do not facilitate text production using a 

wordprocessor. Final Paper (Doctoraal Scriptie). Unit of Experi

mental Psychology, University of Leiden, The Netherlands, 1986. 

Mason, R.E.A. & Carey, T.T. Prototyping Interactive Information Sys

tems. Communications of the ACM, 26(5), 1985. 

Pew, R. How to Study User-Computer Systems. In: Proceedings of 

CHI'85. Conference on Human Factors in Computing Systems, San 

Francisco, California, USA, 1985. 

Potosnak, K.M. & Van Nes, F.L. Effects of Replacing Text with Speech 

Output in an Electronic Mail Program. In: IPO Annual Progress 

Report, 19. Institute for Perception Research, Eindhoven, The 

Netherlands, 1984. 

- 26 -



Van Nes, F.L. Perceptive, Cognitive and Communicative Aspects of Data 

Processing Equipment. In: Proceedings of the International 

Zürich Seminar on Digital Communication, Man-Machine Interaction. 

Swiss Federal Institute of Technology, Zürich, Switzerland, 1982. 

Van Veghel, P.H.M. Speech output for wordprocessor instructions and 

an inquiry on wordprocessor commands. Rapport no. 485. Insti

tute for Perception Research, Eindhoven, The Netherlands, 1985. 

Wasserman, A.I. Developing Interactive Information Systems with the 

User Software Engineering Methodology. Proceedings of 

INTERACT'84. IFIP Conference on Human-Computer Interaction. Lon

don, UK, 1984. 

- 27 -



Figures and Tables 

- 28 -



HELP 

î 
Optional 
Help System 

FUNCTION-KEYS OR COMM.AND..;.KEYS 

MENU TREE Direct Use 

FUNCTIONS OR COMMANDS l 

Figure 1: On-Line Help System in the form of an 
'optional menu', on top of the 
'direct use' mode. (adapted from Kasuga, 1982) 
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' kevs F-function keys 

Figure 3: Keyboard of the Sun Work~tation. 
Pause and Repeat keys are on the right 
side of the keyboard. 
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state transitions help requests 

6.5 

4.5 
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treatrnent 

·Figure 6: Treatment session data of number of mistakes, 
time on task, number of state transitions 
and number of Help requests. 
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Figure 7: Treatment combination data of number of mistakes, 
number of state transitions, time on task 
and number of Help requests. 
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X4 X3 Xl X2 

X4 = 191.0 29.8 91.4* 134.7** 
X3 = 220.8 61.6 104. 9** 
Xl = 282.4 43.3 
X2 = 325.7 

Table 1: Newman-Keuls tests for the means of the 
time on task data. 
(* = p(.05 ** = p(.01) 
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treatment 

1 
2 
3 
4 

treatment 

1 
2 
3 
4 

treatment 

1 
2 
3 
4 

treatment 

1 
2 
3 
4 

number of mistakes 

3.83 
3.17 
2.58 
2.50 

time on task (seconds) 

282 
326 
221 
191 

number of state transitions 

4.75 
7.58 
5.83 
4.42 

number of Help requests 

3.33 
5.67 
2.83 
2.33 

Table 2: Treatment session data of the number of 
mistakes, time on task, number of state 
transitions and number of Help requests. 
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number of mistakes 
--------------------------------
task version of the HS 

s T Mean 

A 2.0 1.75 1.88 
B 3 .92 4.42 4 .17 

Mean 2.96 3.08 

time on task (seconds) 
--------------------------------
task version of the HS 

s T Mean 

A 307 253 280 
B 227 235 231 

Mean 267 244 

number of state transitions 
--------------------------------
task version of the HS 

s T Mean 

A 8.58 8.08 8.33 
B 2.75 3 .17 2.96 

Mean 5.6 7 5.63 

number of Help requests 
--------------------------------
task version of the HS 

s T Mean 

A 5.0 4.75 4.86 
B 1.17 2.75 2 .21 

Mean 3.33 3.75 

Table 3: Treatment combination data of the number 
of mistakes, time on task, number of state 
transitions and number of Help requests. 
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,--------------,~------------------r--------------------- -
PROPERTY 

Permanence 

Production-perception 
synchrony 

Accessibility of 
specific fragments 

Susceptibility to 
deterioration 

Freedom of movement 

'Naturally elicited' 
input medium 

Required skills for 
generating the com
monly used input 

Perception speed 

'Human character' 
of the communi
cation 

Suitability for 
normal telephony 

TEXT 

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

nil: as long as the text is 
present it can be read at a 
speed determined by the reader 

high: text pages with a goed 
layout are almost randomly 
accessible • 

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

low: the eyes of the reader 
have to stay fixed on the 
text at a suitable distance 
for reading 

possibly none, though pointing 
at what is desired or arouses 
the interest (e.g. in a menu) 
may be a logical response. The 
position of the pointing finger 
can then be detected 

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

high: 3-10 words per second 

moderate: text appearing on 
a screen has an impersonal 
charaèter 

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

SPEECH 

low: it can only be perceived at 
the time when the message is audible 

high: a speech message must be per
ceived synchronously with its pro
duction 

low: the listener has only sequen
tial access to the message, every
thing preceding a passage of inter
est has to be heard as well 

high: unless repeated, it can be 
heard just once and thus could be 
made unintelligible by a burst of 
ambient noise. Speech of poor qual
ity has a low intelligibility due 
to its low permanence, even when 
repeated 

high: a speech message may be per
ceived at any place in aroom where 
it can be heard 

speech; it is hard to imagine an
other, natural way of responding 
when one is addressed in speech 

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

high: 2-5 words per second 

high, even very high for high qual
ity speech: this has a personal 
character, therefore, some emotion
al qualities like politeness are 
called for. Inappropriate answers 
from the system may easily be re
garded as rude or blunt 

very high: only the restricted band
width might cause problems with low
quality speech 

Table 4: Properties of text and speech from the 
user•s viewpoint (adapted from Van Nes, 1982) 
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Appendix A: Questionnaire (in Dutch) and the results of the 
ratingscales. 

Vragenlijst 

Aan het einde van de serie opdrachten willen wij U nog een aantal vra
gen stellen. 

Bij een van de opdrachten moest U een bestaand document (briefl) in
lezen. Daarna moest U dat document weer opslaan en vervolgens de ses
sie met de tekstverwerker afsluiten. 

- Wat waren volgens U de dingen die gemakkelijk waren aan deze opdracht? 

- En wat maakte volgens U de opdracht moeilijk? 

Bij de andere opdracht moest U wijzigingen aanbre~gen in een bestaand do
cument ('Het Openbaar Vervoer wordt weer duurder'). U kon daarbij kiezen 
uit: het schrappen, het verbeteren, of het ongewijzigd laten van de 
tekst. 

- Wat waren volgens U de dingen die gemakkelijk waren aan deze opdracht? 

- En wat maakte volgens U de opdracht moeilijk? 

- Welke van de twee opdrachten vond U het moeilijkst? En waarom? 
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Appendix A: continuation 

De help-informatie die U kon gebruiken bij het uitvoeren van de opdra
chten, was steeds verschillend. In het ene geval kreeg U die informatie 
te horen, terwijl U in het andere geval die informatie van het scherm kon 
lezen. Graag willen wij van U nog een aantal dingen weten die specifiek 
te maken hebben met die tekst- en spraakhulp. 

We hebben een aantal beweringen opgeschreven waarover U Uw mening moet 
geven. Om het U gemakkelijk te maken hebben we bij iedere bewering een 
aantal cijfers gezet. U kunt rond het cijfer dat het meest overeenkomt 
met Uw mening een cirkel zetten. De cijfers betekenen: 1 helemaal mee 
eens, 2 grotendeels mee eens, 3 geen mening, 4 grotendeels mee E.!!_eens, 5 
helemaal mee oneens. 

Als U dat wilt kunt U onder aan de pagina extra uitleg geven. 

De help boodschappen in tekst zijn goed 
leesbaar. 

- De help boodschappen in tekst zijn goed 
te begrijpen. 

- De help boodschappen in spraak zijn goed 
verstaanbaar. 

- De help boodschappen in spraak zijn goed 
te begrijpen. 

- De help boodschappen in tekst zijn te lang. 

- De help boodschappen in spraak zijn te lang. 

- Voor mij is er geen wezenlijk onderscheid 
tussen teksthulp en spraakhulp: het werkt 
uiteindelijk allebei even prettig. 

- Ik heb alles bij elkaar een grote voorkeur 
voor teksthulp. 
De belangrijkste reden hiervoor is ••• 

- Ik heb alles bij elkaar een grote voorkeur 
voor spraakhulp. 
De belangrijkste reden hiervoor is ••• 

- De boodschappen in spraak zijn begrijpelijker. 

- De boodschappen in tekst zijn begrijpelijker. 
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Mean = 2.042 

Mean = 3.958 

Mean = 2.875 
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Mean = 2.292 

Mean = 4.50 

Mean = 3.333 

Mean = 2.083 



Appendix A: continuation 

Tot slot willen we nog enkele vragen stellen over de vormgeving (layout) 
op het beeldscherm van de tekstverwerker. 

De teksthulp zou op een andere plaats moeten verschijnen. 
- Rechts, in plaats van links op het scherm. Mean = 4.208 

- Onder, in plaats van bovenaan het scherm. 

- In het midden van het scherm. 

Waarom ••• 

Mean = 4.042 

Mean = 4.708 

De documenten (briefl, 'Het OV wordt weer duurder') zouden op een andere 
plaats op het scherm geprojecteerd moeten worden. 
- Links, in plaats van rechts op het scherm. Mean = 3.917 

- In het midden van het scherm. Mean = 4.375 

Waarom ••• 

Er zou meer ruimte gebruikt moeten worden om een document te 
projecteren. 
- Meer ruimte in de breedte; het document was te smal. Mean = 3.875 

- Meer ruimte in de lengte; het document was te kort. Mean = 4.042 

De functiebalk, onder in beeld, had op een andere plaats geprojecteerd 
moeten worden. 
- Boven, in plaats van onder op het scherm. Mean = 4.542 

- In het midden van het scherm. Mean = 4.792 

Waarom ••• .. 
- Het gebruik van de functiebalk vond ik informatief: 

het hielp mij bij het kiezen van de functies. Mean = 1.333 

- Het gebruik van de zogenaamde 'opfloepende menu's' 
vond ik informatief: het hielp mij bij het 
kiezen van de commando's. 

Zowel de functiebalk als de menu's hadden vo~r mij 
niets te maken met de knoppen die 
ik moest indrukken. 

Overige opmerkingen ••• 
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Appendix A: Questionnaire and the results of the rating scales. 

Questionnaire 

Once you have completed the series of tasks, we would also like to ask you 

a number of questions. 

One of the tasks consisted of recalling an existing document (letter 1). 

You then had to store the document again and subsequently close the session 

with the word processor. 

- What aspects of this task did you find easy? 

- And what did you find difficult about the task? 

The other task consisted of modifying an existing document ('Public 

Transport is becoming more expensive again'). Here you could delete, 

improve or leave the text as it stood. 

- What aspects of this task did you find easy? 

- And what did you find difficult about the task? 

- Which of the two tasks did you find the most difficult? And why? 

- 44 -



Appendix A: continuation 

The information made available to you to help carry out the tasks was 

different each tim~. In one case you heard this information, while in the 

ether case it appeared on the screen. We should like to ask you a number of 

additional questions specifically related to this help given in written and 

spoken form. 

We have written down a number of statements on which you must give your 

opinion. To make it easier for you, we have placed the numbers 1 to 5 next 

to each statement. You should circle the number that corresponds most 

closely to your opinion. The numbers mean: 1 completely agree, 2 largely 

agree, 3 no opinion, 4 largely disagree, 5 completely disagree. 

Any additional conunents may be made at the bottom of the page. 

- The written help messages can be read easily. Mean = 1.167 

- The written help messages can be understood easily. Mean = 1.50 

- The spoken help messages are very clear. Mean = 1.417 

- The spoken help messages can be understood easily. Mean = 2.042 

- The written help messages are too long. Mean = 3.958 

- The spoken help messages are too long. Mean = 2.875 
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Appendix A: continuation 

- In my opinion there is no significant difference 

between written help and spoken help: in the end 

bath give equally good results. 

- All in all I prefer written help. 

The most important reason for this is ... 

- All in all I prefer spoken help. 

The most important reason for this is ...... . 

- The spoken messages are easier to understand. 

- The messages in the text are easier to understand. 
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Mean = 3.667 

Mean = 2.292 

Mean = 4.50 

Mean = 3.333 

Mean = 2.083 



Appendix A: continuation 

Finally we should like to ask several further questions concerning the 

layout on the screen of the word processor. 

The written help should be displayed elsewhere. 

- On the right, instead of on the left of the screen. Mean = 4.208 

- At the bottom, instead of at the top of the screen. Mean = 4.042 

- In the centre of the screen. Mean = 4.708 

Why ••• 

The documents (letter 1, 'Public Transport is becoming more expensive 

again') should be displayed elsewhere on the screen. 

- On the left, instead of on the right of the screen. Mean = 3.917 

- In the centre of the screen. Mean = 4.375 

Why ••• 

More space should be used to display a document. 

- More space widthways; the document was too narrow. Mean = 3 .875 

- More space lengthways; the document was too sh~rt. Mean = 4.042 
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Appendix A: continuation 

The function bar at the bottom of the screen should have been displayed 

elsewhere. 

- At the top, instead of the bottom of the screen. 

- In the centre of the screen. 

Why ••• 

I found the use of the function bar informative: 

it helped me select the functions. 

- I found the use of the 'suddenly appearing menus' 

informative: it helped me select the commands. 

- Neither the function bar nor the menus 

bore any relation to the buttons I had to press. 

Other connnents ... 
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Mean = 4.542 

Mean = 4. 792 

Mean = 1.333 

Mean = 1.250 

Mean = 4.917 




