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1 Introduction

One of the open issues in multimodal interaction is the question whether the direct manipulation or the communication agent metaphor should be preferred. Some authors argue that direct manipulation is always best [1], while others provide evidence in favour of the conversational agent metaphor [2]. Proponents of Direct Manipulation (DM) emphasise the importance that users attach to the feeling that they are always in control, while proponents of the Conversational Agent (CA) metaphor object that it is not clear how users could feel in control if they do not fully understand the application they are trying to use. Therefore, it is quite likely that the users’ preference for the interaction metaphor depends strongly on their knowledge of the application domain and the functionality of the interface. For example, in [3] it is shown that users do not appreciate the guidance of a conversational agent in completing the query form for a timetable information system. However, the authors suggest that the help and guidance that an agent can offer will be appreciated if users need to accomplish a task that they perform seldom, and that addresses a domain where they lack detailed technical and procedural knowledge. 

Until now, few user studies with multimodal systems have been reported. The main reason for this is that there are still very few operational multimodal systems in existence. Most multimodal systems are research systems that focus on technological issues. It takes a lot of work and effort to tune a research system for doing user experiments. The little usability research in multimodal interaction that has been carried out in the past, is either based on relatively simple applications, such as route finding or time table information, that can in principle be tested with ‘naïve’ subjects, or on more complex (mainly map-based) applications that were tested with professionals who were trained for the job. In [4] a map-based application is evaluated with naïve users. If the application is well known, or if the subjects are professionals trained for the task, one would expect a bias in favour of DM, because subjects are unlikely to need support in using the application. Thus, there are very few, if any, results for a comparison of DM and CA interaction styles for untrained subjects who use a semi-professional service in a field that is most probably not familiar to them. Our research is meant to fill this void. As an example of a task that naïve users perform seldom, but of which they still have a global mental picture, we have chosen architectural design, instantiated in the form of a bathroom design application. Most people buy a new bathroom only once or twice in their life, so it is unlikely that randomly chosen subjects have fresh experience with software to support the task. Yet, designing a new bathroom requires substantial knowledge about existing options for tiles and sanitary ware, as well as of guidelines for how to arrange sanitary and select designs that go together well. At the same time it holds that virtually all subjects have a global knowledge of how bathrooms look like, and what they like and dislike.

In principle, a task such as bathroom design can be implemented both in the form of direct manipulation and a conversational agent. In the COMIC project we are working on the implementation of a conversational agent system for bathroom design [5]. Some companies have launched competing solutions based on the direct manipulation approach. 

In this user study we compare a conversational agent system and a direct manipulation system for bathroom design on a number of usability issues for non-expert users. In addition, we hope to be able to use the results of the comparative study to formulate guidelines for improving the design and the implementation of especially the conversational agent system.  The first system is the conversational agent system that is developed in the COMIC project (called the CA system from now on), the other system is a direct manipulation system developed by the SME ViSoft that is available on the web for its customers (called the DM system in the remainder of this paper). 

In section 2 of this paper we will explain the design of the experiment in more detail. To that end, we first describe the characteristics of the two systems that are most important for our usability evaluation. We also describe the subjective and objective measures that we obtained, and we explain  why we focus on subjective measures. In section 3 we present the actual data that we collected, in section 4 we present a discussion on the results and we provide some guidelines for technology development. 

2 METHOD

2.1 The systems

The first step in bathroom (re-)decoration is to input the shape and dimensions of the room, and the location and dimensions of doors and windows. This results in a machine readable blueprint of the room, adorned with some annotation (for example for the height of window sills). In existing commercial software packages (all of which implement DM interfaces) this information must be entered by means of drawing and drag and drop actions, combined with keyboard input. 

2.1.1 The CA system

In the COMIC project we are in the process of designing and implementing a multimodal system for bathroom design that can be used in user evaluations with non-expert users. The version of the system that was used in this user study is definitely not the final one. In the present version we paid much attention to robustness, but the interaction design and user interface represent trial versions. In fact, one of the goals of the experiment reported in this deliverable was to obtain guidelines for improving the interaction design and the interface. Also, it was evident that the system under test showed larger latencies beyond what we considered desirable. However, we are convinced that this version was good enough for the main objective of this study, i.e. to compare a DM and CA system for the task at hand.

The complete bathroom design task in the COMIC system consists of four phases. In the first phase, users enter the shape and dimensions of the bathroom, including the position of the doors and windows (if any). In the second phase they can decide what sanitary ware goes where in the room. In the third phase they select tiles and decoration, while the fourth phase consists of a 3D tour of the newly designed and furnished room. This user study concentrates on the evaluation of phase one. The evaluation of phase three, where users have to choose their tiles is reported in D1.3b. A formal evaluation of the second and fourth phases will not form part of the present project. In phase one, users can use pen and speech to input the requested items (walls, measures, doors, windows). A talking head gives instructions and some back channel information (e.g. thinking, agreement) and feedback on recognition results is given on the tablet. The dialogue is in English and it is system driven, which means that the system gives detailed instructions for what to do next. In interactions with the type of system under development, two kinds of errors can be distinguished, viz. mistakes made by the users, and recognition errors committed by the system. Users were told that they could correct errors, either by saying “erase this”, or by using the pen (pressing a button on the pen and tapping on the item one wants to erase). However, the erase function could only be applied to the last item that was entered. The functionality of the system was also limited in another respect, that was relevant for the present study: it is not possible to indicate the exact position of doors and windows relative to the corners of the room. However, it was possible to indicate exactly how the door opens.

The system has been tuned for the user evaluation by running a large number of pilot tests with naïve subjects. By doing this we were able to repair a large number of system bugs, and we tuned the speech and pen input recogniser. See figure 1 for the configuration of the CA system.


Figure 1: The COMIC system is shown on the right. The left screen shows the flow of active models for demonstration purposes. 

An essential aspects of multimodal conversational agent systems relates to multimodal turn taking. Presently, there is no computational theory of multimodal turn taking. But to build a multimodal interaction system a rudimentary version of such a theory must be formulated and implemented. In the COMIC system under test in this deliverable  we opted for a definition of turns in which the verbal and gestural input channels are synchronised (cf. Figure 2). This enables the system to determine the end-of-turn and to make a definitive interpretation of the inputs. Strict synchronisation, as implemented in COMIC, has the advantage that it turns input processing and interpretation into a process that is manageable. However, it has the disadvantage that users must learn that speech or gestures produced after the end-of-turn detected by the system will get lost.
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Figure 2. Definition of multimodal turns and end-of-turn synchronisation. Time is running from left to right. The leftmost edge represents the end of a system prompt. 
MO: Microphone Open; MC: Microphone Closed
TO: Tablet input Open; TC Tablet input Closed

2.1.2 The DM system

The direct manipulation system is a web system that ViSoft offers to its customers, who are dealers of tiles and sanitary ware. It is not available for the general public. The intended users are experts in design applications who do not need specific instructions how to deal with the DM system. Since our subjects are non expert users, we decided to provide some introduction on how to deal with this application. The instruction we provided was that one first has to get the shape and dimensions right, and that only then one can place the door and the window. This should be done by first tapping on the relevant icon, followed by adjusting the measures, and finally by placing the object at the correct location in a wall. Figure 2 shows a snapshot of a screen as it may appear in the DM system. Users had to find out that the measures of the room were presented in a menu window at the same time as one was drawing the walls. This menu window appeared next to the grid, at the right hand side of the screen.  The functionality of this system has another limitation than the CA system: it is not possible to indicate the way the door opens. 

After the shape and dimensions of the room have been entered, the user can proceed to the second phase, in which sanitary ware can be selected and positioned. The third phase deals with tiles and decorations, while the fourth phase involves a 3D tour of the room. All phases use DM-style interaction only. In this experiment, we only tested phase one. 
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 Figure 3: Snapshot of the direct manipulation tool. The outline of a room is shown, together with the location and the dimensions of a door. Icons at the bottom indicate objects. The digit fields at the right must be used to indicate dimensions.   

2.2 Design of the evaluation

2.2.1 Non-expert users

Ten male and ten female non-native English non-expert users participated in this study. Their ages range between 22 and 59 years (mean age was 33 years). The users were not paid for their participation. Test sessions lasted between 35 and 55 minutes. The educational level of all subjects is high (academic level) and their knowledge of English is very good. Before the test started, the test leader checked whether the subjects understood task specific words like “window sill”. All subjects spend more than four hours on a computer every day. They consider their computer experience as advanced or expert, and their reported programming experience ranges from beginner to expert.   

We opted for a within-subject design, in which all subjects tested both systems. Half of the female and male users started with the CA system, the other half with the DM system. Experience with comparable experiments (D3.3) has shown that a design with 12 subjects would provided enough power to establish statistical significance at the 0.05% level for differences of one scale position in scores on the Likert scales used to capture subjects’ appreciation of the two systems. We decided to increase the number of subjects to 20 to be able to include sex as an additional between-subject factor. In [6] a difference between male and female users is reported related to preferred multimodal strategies. 

2.2.2 Task

Subjects had to imagine that they were in the process of re-designing their bathroom, and that they were visiting a large bathroom store in which two systems were available that could help them in the design process. The users were asked to use both systems for copying the exact same blueprint. The blueprint consists of a rectangular room of 2.5 by 3 meters. Exactly in the middle of one wall of 3 meters is a door that opens to the inside and which is 85 cm wide, in the middle of the other wall of 3 meters is a window that is 100 cm wide, 75 cm high, and with a window sill 120 cm from the floor. It was explained that both systems have more or less the same (but not identical) functionality, but that the way to use them is rather different. Given the fact that the functionality of both systems is not exactly the same, users were told not to worry if they could not find the way to input certain data, and just to stop when they thought something is not possible. This is a realistic situation for this type of task (see also appendix A, for the instructions to the users).

Since we wanted to approach the situation in which users were confronted for the first time with these type of systems, we did not offer any practice time. In this study we were not interested in any learning effects. This approach may be a disadvantage for the CA system, since we must expect that none of the subjects has experience with fully multimodal pen-speech systems, whereas some persons might know DM-style web design applications. 

Before the test started the test leader checked whether the user knew what to do. Also, the working of the pen was explained in more detail, and some possibly unknown English words were explained. 

After the users had finished with a system, the test leader discussed with them the result. For the CA system, the result was still visible on the tablet. For the DM system, we played back the recorded mouse and keyboard events. After this discussion the users were asked to fill in a questionnaire (see below). 

2.2 Questionnaire

One questionnaire was designed that was used for both systems, so that a clear comparison between  both systems could be made. For the larger part of the questionnaire Likert Scales were used. Subjects had to indicate whether they completely disagreed (1), disagreed (2), were neutral (3), agreed (4), or completely agreed (5) with thirty four statements. These statements concerned the working of the system, the ease of use, the controllability, and the general acceptance and appreciation. Next to these Likert scales, six open questions were asked that addressed the experienced duration, the easiest, the hardest, the unexpected things, the possible improvements, and general comments. One final question dealt with the comparison between both systems. After the test was over, the test leader asked two additional questions: the first one concerned the talking head: did the users pay attention to it and what did they think of it; the second one addressed the reasons why they preferred one system above the other.  

2.3 Objective analysis 

All data were logged by both systems. For the COMIC system, we used the logging mechanism of the COMIC system; for the Web system we used Camtasia, a programme that records all mouse movements and mouse clicks, as well as the keyboard input. The total duration of the interaction was also captured. Given the big differences between both systems that make that durational measures for sub tasks do not make sense, we decided to restrict the objective measures to yes/no observations and durations of the complete interaction. Especially the big individual differences in the way users interacted with the DM system make that we cannot use durational measures. In the DM system, users take the initiative, and they do this in rather different ways. Some users start with looking at all icons, find out what they mean and then start with drawing the room. Others just start and hope that they can repair mistakes later on. The minimum duration for an interaction without repairs for the CA system is 3,8 minutes (15 dialogue turns); this duration is the sum of the duration of the output prompts, the time needed to input items and the processing time of the system. For the DM system the minimum duration is about 0,8 minutes for expert users. This duration is mainly due to inputting of data.  For the DM is not clear what turns would be. Therefore, we concentrate on six yes/no decisions: walls present?, measures OK?, door present?, door features OK?, window present?, window features OK?. A task completion measure of 6 points means that the interaction ended in fully correct items. If a user was not able to get anything right, zero points were given.  

3 Results

3.1 Order and sex

First we performed an independent t-test (2-tailed), and Anova to find out whether an order effect and/or sex effect could be observed. It turned out that neither of these independent variables had a significant effect. Therefore, we will concentrate on the differences between both systems in the remainder of this paper.   

3.2 Objective measures

In table 1, mean durations of complete interactions are presented as well as mean task completion measures. The users were also asked to indicate estimated durations of an interaction. Mean estimated durations are also presented in the table. To see whether users systematically over or underestimate interaction durations we also calculated the difference in duration and estimated duration. The mean difference is also given in table 1. Given the fact that we have a within subject design, a paired t-test (P < 0.05) was done. It turned out that neither of these measures differed significantly between the two systems. This leads us to the conclusion that given this single blueprint, this group of twenty users was equally successful within the same amount of time when using both systems for inputting this blueprint.  

Table 1: Objective duration (min.), estimated duration (min.), difference between both durations (min.), and task completion (min=0, max=6).  N=20. 

	
	System
	Mean duration (min.)
	SD

	Objective duration
	CA
	6,5
	1.8

	
	DM
	7,1
	3.4

	Estimated duration
	CA
	8,2
	3.6

	
	DM
	8,4
	5.7

	Difference between both durations
	CA
	-1,7
	3

	
	DM
	-1,3
	3.5

	Task Completion
	CA
	5,1
	.8

	
	DM
	4,3
	1.8


What can be observed from the mean values is that generally spoken it took much longer than the minimum duration  to input the information. This is especially true for the DM system, where the minimum duration for an expert user is about 0.8 minutes. Here we also observe relatively large standards deviations, indicating large differences between users. The fastest user needed 1.2 minutes, the slowest one needed 14.7 minutes to input the blueprint. Also for the CA system, users needed more time than the minimum of 3.8 minutes. The mean number of turns amounts to 21.7 (with a range between 15 and 31). The minimum number of turns (if no corrections are necessary) amounts to 15. The extra turns are the result of the corrections that were needed to get the final result. We observed that a large proportion of the errors in pen input were due to the fact that subjects were given a fixed amount of time to complete their input. This window of 8 seconds turned out to be too short for a number of subjects. It was clear that users did not understand that gestures produced after the end-of-turn detected by the system were not processed. This problem was aggravated by the way the electronic ink on the tablet screen was handled: all electronic ink remained visible on the screen.  

From the difference between duration and estimated duration we can learn that users tend to overestimate the duration of an interaction session. This is true for both systems.   

The mean figures of task completion show that not all users were able to input all items correctly. This also holds for both systems. For the CA system most wrong results are due to recognition errors that were not corrected by the users. For the DM system holds that most mistakes are due to the fact that users were not able to get the measures of the room right. They did not notice that the measures appeared in the menu window left of the grid.     

3.2.1 Mode Switch

We globally analysed whether users switch to the alternative mode in case of recognition errors. Four out of the 20 users completed their input in less than 18 turns. No mode switches are expected here, since the minimal number of turns amounts to 15. Of the remaining 16 users, 8 users did switch modality and 8 users did not. The mean amount of turns was the same (23) for the switchers and the non-switchers. 

3.3 Subjective measures

In Table 2, we present the mean scale values and standard deviations for the 34 Likert scale questions. Also here paired t-tests (2-tailed) were done (p  <0.05). 

Table 2: Likert scale values (I completely disagree =1 and I completely agree=5); means, sd, and sig. level.  N=20.  

	Question
	System
	Mean scale 

value
	SD
	Sig.

	1. I was able to use the system successfully.
	CA
	3,80
	,951
	,061

	
	DM
	3,05
	1,432
	

	2. I was able to input the walls of the bathroom.
	CA
	4,40
	,681
	,301

	
	DM 
	4,10
	,968
	

	3. I was able to input the measures of the walls of the bathroom.
	CA
	3,70
	1,081
	,186

	
	DM
	3,10
	1,714
	

	4. I was able to place the door.
	CA
	4,15
	,745
	,679

	
	DM
	4,00
	1,414
	

	5. I was able to place the window.
	CA
	4,30
	,923
	,096

	
	DM 
	4,80
	1,436
	

	6. It was clear what I had to do to input the walls.
	CA
	4,45
	,999
	,016*

	
	DM
	3,50
	1,051
	

	7. It was clear what I had to do to input the door.
	CA
	4,25
	,910
	,049*

	
	DM
	3,45
	1,276
	

	8. It was clear what I had to do to input the window.
	CA
	4,40
	,598
	,004*

	
	DM 
	3,50
	1,192
	

	9. It was clear what I had to do when something went wrong with the walls. 
	CA
	3,85
	,933
	,000*

	
	DM
	2,05
	1,191
	

	10. It was clear what I had to do when something went wrong with the window.
	CA
	3,40
	,995
	,007*

	
	DM
	2,50
	1,000
	

	11. It was clear what I had to do when something went wrong with the door.
	CA
	3,20
	,894
	,120

	
	DM 
	2,55
	1,234
	

	12. It became clear to me that I could not input the measures of the wall next to the door and the window. 
	CA
	3,10
	1,071
	,895

	12. It became clear to me that I could not input the way the door opens. 
	DM
	3,15
	1,387
	

	13. It was easy to use the system.
	CA
	3,35
	1,089
	,124

	
	DM
	2,75
	1,118
	

	14. The system worked the way I expected it to.
	CA
	3,35
	,933
	,009*

	
	DM 
	2,45
	1,146
	

	15. I knew what I could do at each point.
	CA
	3,70
	1,081
	,001*

	
	DM
	2,40
	1,142
	

	16. The system responded quickly to my requests. 
	CA
	2,85
	1,040
	0,008*

	
	DM
	3,85
	1,040
	

	17. It was clear what to do when the system misunderstood me. 
	CA
	3,80
	,951
	,000*

	
	DM 
	2,25
	,786
	

	18. I found the system to be cooperative
	CA
	3,45
	,999
	,035*

	
	DM
	2,65
	1,226
	

	19. I felt confused when using the system.
	CA
	2,50
	1,000
	,025*

	
	DM
	3,30
	1,174
	

	20. I found the system to be flexible.
	CA
	2,75
	,910
	,464

	
	DM 
	2,55
	,686
	

	21. I felt in control when using the system. 
	CA
	2,70
	,979
	,585

	
	DM
	2,50
	1,147
	

	22. I found the system complicated to use.
	CA
	2,20
	,834
	,124

	
	DM
	2,80
	1,240
	

	23. I felt frustrated when using the system.
	CA
	2,50
	1,000
	,044*

	
	DM
	3,25
	1,020
	

	24. I found the system engaging.
	CA
	3,40
	,598
	,030*

	
	DM 
	2,80
	,894
	

	25. I found it exciting to interact with the system.
	CA
	3,60
	,940
	,014*

	
	DM
	2,80
	,894
	

	26. I was so involved in the interaction that I lost track of time.
	CA
	2,70
	1,031
	,673

	
	DM
	2,85
	1,089
	

	27. I felt tense when using the system.
	CA
	2,65
	1,040
	,651

	
	DM
	2,50
	1,000
	

	28. I really had to concentrate on the system.
	CA
	2,75
	1,118
	,437

	
	DM 
	3,05
	1,146
	

	29. I found the system boring.
	CA
	2,25
	,910
	,066

	
	DM
	2,75
	,639
	

	30. I liked using the system.
	CA
	3,40
	,883
	,055

	
	DM
	2,80
	,894
	

	31. I found the system to be friendly
	CA
	3,50
	1,051
	,010*

	
	DM
	2,50
	,761
	

	32. I found the system to be knowledgeable.
	CA
	2,85
	,988
	,447

	
	DM 
	2,65
	,813
	

	33. The system appeared to be intelligent.
	CA
	3,10
	1,165
	,033*

	
	DM
	2,45
	,945
	

	34. I would like to use the system again.
	CA
	3,40
	1,046
	,320

	
	DM
	3,05
	1,146
	


Given the fact that both systems were not exactly the same, question 12 had to be stated slightly differently for both systems. The results show that for about half of the statements the users did not differ significantly in their opinions about both systems. However, a comparison of the mean scale values shows that overall the CA is evaluated as more positively than the DM system (note that higher scale values indicate more positive opinions for most questions. For the questions 19, 22, 23, 27, 28, and 29 a lower measure indicates a more positive opinion). For 16 statements users have a significantly different opinion about the two systems. For all of these, except statement 16, users rate the CA as more positively. For statement 16 (“The system responded quickly to my requests”) the CA system was rated less positively than the DM system. When we look at the statements that are rated more positively for the CA system, it becomes  clear that almost all statements refer to the same underlying phenomenon, namely the transparency of the working of the system. The CA gives a clearer idea of how to input items and what to do (statements 6, 7, 8, and 15), of how to handle when something goes wrong (statements 9, 10, and 17), and the CA system is more predictable (statement 14). The CA system is also rated as more friendly and more intelligent and people found it more exciting to use it than the DM system. However, when we look at the mean values we have to conclude that the users are not so positive about the CA in an absolute sense: e.g. they think that the system is not so knowledgeable (statement 31), flexible (statement 20), or controllable (statement 21); here the scale values are below 3.  

We also asked the users for their preference for a system by means of the statement: I preferred the pen-speech system above the web system. The mean scale value amounts to 3.3. indicating that overall the subjects were neutral: some users preferred the CA system, others the DM system, and some had no preference at all. Female users preferred the CA more (mean scale value 3.6) than male users (mean scale value 2.9), but this difference is not significant.  In table 3 we present an overview of the preference for a system, and the task completion measure for each system. It turned out the correlation between task completion and preference for a system was significant P<0.01). It becomes clear that for more than half of the users there is a positive relation between preference for a system and the task completion measure: when task completion is higher for the CA system than for the DM system, they prefer the CA system, and when DM task completion is higher they prefer the DM system. When the task completion scores are equal,  2 users (5 and 12) prefer the CA system, and two users (15 and 18) prefer the DM system. For the users 7, 10, 13, and 19 no relation between task completion and preference is observed.  

Table 3: For 20 users we present gender, preference for the pen-speech system above the web system (5= I fully agree), and task completion measures for both systems (6= all items correct, 1=only 1 item correct). 

	User number 
	Gender
	Preference 

CA above DM
	Task 

completion CA
	Task 

completion DM

	1
	F
	5
	4
	0

	2
	M
	5
	6
	3

	3
	F
	4
	6
	5

	4
	F
	4
	6
	3

	5
	F
	4
	5
	5

	6
	M
	4
	6
	4

	7
	F
	5
	4
	5

	8
	F
	5
	6
	1

	9
	M
	2
	4
	6

	10
	F
	2
	6
	5

	11
	F
	5
	5
	2

	12
	M
	4
	5
	5

	13
	M
	3
	4
	6

	14
	M
	2
	5
	6

	15
	M
	2
	6
	6

	16
	M
	2
	5
	6

	17
	F
	1
	5
	6

	18
	M
	2
	5
	5

	19
	M
	3
	4
	2

	20
	F
	1
	4
	5


3.4 Open questions

We asked the users what they found the hardest and the easiest to do, and what they thought to be unexpected. We also asked what type of improvements should be made for each system. See appendix B for a complete overview of the remarks made by the subjects. 

Here we concentrate on the CA system and the main remarks. For the CA system nine users explicitly stated that the system should be faster than it is now.  The slowness may  be due to latencies in the system, but also to the relatively large number of turns. Other problems that were repeatedly mentioned were recognition errors (in pen as well as speech recognition), and the difficulty to repair misunderstandings.  Users complained about the fact that the electronic ink remained on the screen. 

The face was not always used. Some users never looked at it, others did and they reported that they used it for getting feedback on whether the system was busy or not and on whether input was understood (then the face nods).  

The main reason for preferring the DM system was that users felt more in control when using this system. The main reason for preferring the CA system was that users thought it more natural, and also error correction was clearer than in the DM system.  

4 Discussion and guidelines for technology development

The effectiveness in dealing with a system determined the preference for a system. This is in line with the findings in [7]. The background of the users (their experience in using  certain interfaces and interactions) heavily determines their preference for a certain system. For the near future this means that it will not be easy to develop good user tests for evaluating multimodal conversational systems. As long as there are no “commercial” multimodal systems around, users will not get acquainted to them and will have trouble in dealing with these systems (although they are relatively transparent). A solution would be to run user tests over a longer period of time as see whether users will change their behaviour and their opinions. 

The overall picture we get is that especially users who have no experience in using drawing software programmes have a more positive opinion about the CA system than about the DM system. We base this conclusion on the ratings of the statements related to transparency (i.e. the ease if inputting data and correcting errors). However, given the mean scale values the users have no very positive opinions about either system. It must be remembered that both systems were not in their final state of development. Furthermore, the user tests were meant to guide technology development, interaction design, and user interface design. 

Given the fact that higher ratings were given to the CA system as far as transparency is concerned, and given the fact that half of the users changed modes when recognition errors occurred, we want to state that multimodal conversational systems certainly have potential for the future. However, many things need to be improved and to be further developed, especially for the type of complex multimodal systems COMIC is dealing with. 

When we concentrate on the CA system and especially on the issues that need urgent improvement, we see that the T24 system is not fast enough, that too many pen and speech recognition errors occur, that it is not always clear to users that a turn has ended, and that the ink remaining on the screen is confusing for users. 

Based on the outcomes of this user evaluation, we recommend the following for the next versions of Phase 1 of the COMIC demonstrator. 

Improvement of speed

The system can be made faster in two different ways:

Firstly, the modules themselves and the  interaction between the modules may be speeded up. Especially the speech recogniser seems to be a bottleneck in the flow of the system. Attention should be paid in making the speech recognition faster. 

Secondly, the number of turns may be reduced by offering the possibility to combine elements in the input (drawing a wall and providing measures at the same time) and by making the system more intelligent (“this room is rectangular and it is 3 by 4 meters”). In this way the user will have more freedom to input the data, and will get a feeling of being more in control.   

Improvement of recognition performance

It is clear that recognition performance for speech as well as pen input need to be better. In our user study we ‘helped’ the recognisers, because we knew what could be inputted (the blueprint was known). If the system must be made usable for naive users who may input their own bathroom, much effort will have to be paid to collecting domain specific data that are necessary for tuning the application. 

Better turn-taking protocol

In the T24 system we implemented a rather simple turn taking protocol. The effect of this turn taking protocol was that some users did not understand that their turn was over after 8 seconds. Some users were rather slow in drawing and/or writing, probably because they had no experience in using an electronic pen. They were still writing on the tablet, although it was already closed. They did not notice that their turn was over, and that the system had to cope with unfinished input. Often the system came back with a message that was unclear to the users. In the next versions, turn taking should be made more dependent on the interpretation of the user input. The system should know whether a turn is finished or not. 

Better User interface design

None of the participants of COMIC are experts in user interface design. From the user evaluation it became clear that it was not a good idea to keep all electronic ink that was provided during a session on the screen. Once the input has been completed and beautification has taken place, the electronic ink should disappear. On the other hand, the concept of beautification of the input, as used in the T24, works well. None of the users did not understand it. Only one user remarked that he did not like it (“non-equal wall lengths cannot give a rectangle”). Maybe the colours used on the screen can be more bright to give a more clear idea of what has happened. 

For some users the face was helpful in one way or another. Thus it is recommended to keep a face in this type of applications in which users are involved in other tasks than having a conversation. The face should be made more natural.  
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Appendix A

Instructions  

Suppose that you want to redecorate your bathroom. You enter a large bathroom shop. In this shop you find two computers which may help you with the first steps, i.e. entering the shape and measures of your bathroom. 

You will use both computers to enter the blueprint of your bathroom  you took  with you. 

Both computers have more or less the same functionality, but the way to use them is rather different. Since the functionality of both systems is not exactly the same, do not worry if you do not find the way how to input certain data, just stop when you think it is not possible.  

After you have finished inputting the blueprint using one system, you will be asked to fill in a questionnaire. Then you will use the other system, and again you will be asked to fill in a questionnaire.

Let’s start with the first system 

1. This is what we call a conversational system. You can use the pen and speech to input the data. Just listen to the explanations and instructions given by the head on the screen.   

2. When you write measures, you must write isolated print characters on a horizontal line!!

3. The system always gives you feedback or instructions. Wait for them before you proceed!!

4. When the system makes a mistake you can erase the previous action in your next turn, either by saying “erase this” or by pressing the button on the pen and tap on the object or measure. 

Now the next system: 

2. This is a web-based system. You can  use the mouse and the keyboard to input the data. You can start whenever you want.

Since there is no instruction or explanation on the screen we provide some instructions here: 

· Start with drawing the room. 

· Then put in the window and door in place:  

· First tap on the relevant icon,

· then adjust the measures, 

· and then click on the wall.

Appendix B

The comments by the subjects

PP1 

COMIC:

Easiest: Comic system: talking is easier than writing. Talking is faster than writing. 

Hardest: It was not hard to interact with the system 

Comments: The COMIC system is natural!; the visoft computer is not human. 

VISOFT:

Easiest: to draw the first wall

Hardest: to put the correct measures

Unexpectedly: -

PP2 

COMIC: 

Easiest: speaking

Hardest: drawing 

Unexpectedly: did not recognize a wall that was clear to him.

Improvements: bit faster

VISOFT:

Easiest: placing door and window

Hardest: size of walls

Unexpectedly: could not change measures of walls after drawing

Improvements: short instruction

Comments: speech system is easiest, because it does not made a mistake. And when it makes mistakes it is not my fault. I hated it that I did not succeed with the web system. 

PP3 

COMIC: 

Unexpectedly: no

Improvement: a little bit faster
The face: scary man!

VISOFT

Hardest: finding out how the system worked

Unexpectedly: no

Improvement: more explanation

PP4 

Did not give comments 

COMIC was more clear and the face was very funny, especially the expressions.  

PP5 

COMIC:

Easiest: verbally indicating the length, with, height of objects 

Hardest: afraid that the system may break down

Unexpected: it was stable!!!

Improvements: faster

ViSoft: 

Easiest: erase objects

Hardest: completely unsure whether I did the right thing

Unexpected: the system is less informative than I expected.

Comments: the system invited me to try again because the icons suggest it can do a lot. While I only managed to do two or three things. I wanted a follow-up session.  

PP6

COMIC:

Easiest: specifying the measures

Hardest: drawing the door

Unexpected: did not always respond to pen input

Improvements: faster, better pen input, more flexible, different erase button on the pen.

Comments: Interesting and quite flexible, but not what I would want to use to decorate a bathroom. 

VISOFT:

Easiest: drawing a wall

Hardest: controlling the mouse input

Unexpected: very much so; did not know how to put in measurements

Improvements: help and better interactivity. Worst paint system I ever used!

Comments: I would like to use a human expert!! However, I preferred the pen system, because I was more successful , a good guide, but it is too slow. 

PP7 

COMIC:

Easiest: speech input worked pretty well

Hardest: drawing straight lines with the pen

Unexpected: when I had drawn one of the walls, the system asked “what units was that in?” At that point, I had not given a length yet (ASR had understood something!)

Improvements: quicker feedback!!
VISOFT:

Easiest: drawing windows and doors and defining their measures

Hardest: it was not clear how to input measures of the wall. 

Unexpected: No

Improvements: better help facilities

PP8 

COMIC:

Easiest: I could easily erase wrong measures

Hardest: waiting for the responses

Unexpected: did not ask the measures of the door (is test effect)

Improvements: a bit faster!

Comments: preferred this system because it was easier to repair mistakes. Did not use the head!

VISOFT:

Easiest: starting to draw the walls

Hardest: to understand the use of the different buttons. I could not figure out the undo” things

Unexpected: I thought that when I hit delete it will erase what I did, but it did not. 

Improvements: measures while drawing the walls, should be more in focus or be colored! And undo button. 

PP9 

COMIC:

Easiest: drawing walls

Hardest: placing door and undoing measure specification

Unexpected: No

Improvements Speed improvement would be nice.

Comments: It gave me the feeling to interact with a real person. 

VISOFT:

Easiest: everything (but experience with this type of programmes)

Hardest: nothing

Unexpected: no

Improvements: more information about the buttons. 

PP10 

COMIC: 

Easiest: drawing

Hardest: the system did not always understood the measures

Unexpected: not understanding the measures

Improvements: better recognition of the measures

Comments: no 

VISOFT:

Easiest: If you know how it works, all other things will go right.

Hardest: did not understand how it works immediately

Unexpected: no

Improvements: how to place the window

PP11

COMIC:

Easiest: recognition of spoken measures; drawing of walls 

Hardest: recognition of written measures/units. Direction of door opening.

Unexpected: only when it misunderstood the direction of the door opening.

Improvements: better recognition of written measures. 

Comments: she preferred the speech system, because instructions on how to recover from mistakes are better for this system than for the visoft system.

She did not use the face. Although she noticed it was nodding.  

VISOFT:

Easiest:

Hardest: hardly any instructions; it did not work as I expected

Unexpected:

Improvements: more instructions!

Comments

PP12 

COMIC:

Easiest: drawing the walls

Hardest: correcting misunderstandings length of right wall. Input for the door was split into two parts, whereas I anticipated only one.

Unexpected: the correction of the right wall did not run smoothly. And the door is one unit: user needs to input two attributes.

Improvements: Improved ASR and improved correction mechanism.

Comments: Liked the flexibility to switch from speech to pen or from pen to speech, when the interaction did not run successful. 

VISOFT:

Easiest: input of the door

Hardest: how to get the correct measures of the wall and how to correct things

Unexpected: switching between type of input was unintuitive: drawing walls and specifying lengths was a puzzle at first.

Improvements: provide instructions to novel users. Specify length of walls when inputting along the wall that is being drawn (at the corner).

PP13 

COMIC:

Easiest: drawing positions

Hardest: feeding numerical data; no speech understanding and sometimes handwriting recognition errors.

Unexpected: it writes through my own handwriting. I expected it would erase this before typing. Walls of different lengths are drawn the same. 

Improvements: better speech recognition and logical inconsistencies should be displayed more clearly (e.g. non equal wall lengths cannot give the rectangle. 

VISOFT:

Easiest: positioning doors and windows by typing the measures.

Hardest: finding out how the modify function worked. 

Unexpected: modify function does not allow independent modification of horizontal and vertical measures. Measures cannot be changed by typing. 

Improvements: Adapting to standards in graphical environments to change sizes of objects. 

PP14 

COMIC:

Easiest: drawing the walls

Hardest: voice interaction 

Unexpected: did not seem to react to any of the commands

Improvements: flexibility. The system should scale the drawings. 

Comments: If you present a blueprint it is easier to copy it with a pencil rather than controlling it with your voice. 

VISOFT:

Easiest: drawing the walls

Hardest: finding out how to resize.

Unexpected: no

Improvements: introduce a help function and make a clear distinction what numbers cannot be edited!

Comments:

PP15 

COMIC:

Easiest: Drawing the walls

Hardest: It was not always able to correctly understand the measures

Unexpected: I did not expect it not to ask me the door and window positions. 

Improvements: A defined place to write measures. Also it is quite confusing that the written measures remain on the screen despite there is no further need for them!
VISOFT:

Easiest: everything was quite easy

Hardest: getting the system to “insert door mode”

Unexpected: yes, changing between operations didn’t go well.

Improvements: leave out he OK button and using a point, drag, and click interface with immediate possibility to change modes. 

PP16 

COMIC: 

Easiest: give the measures

Hardest: cancel my previous operation

Unexpected: No

Improvements: to be able to understand more sentences

Comments: He used the face for feedback (came earlier than the speech)

VISOFT:

Easiest: Place the wall ,the door and the window

Hardest: The order

Unexpected: Yes, I’d thought I can change the measures by keyboard, but I can’t. 

Improvements: Show the measures around the door or window when I place it.

Comments: He preferred the web solution because he can control everything.

PP17 

COMIC: 

Easiest: nothing

Hardest: getting the pen to work 

Unexpected: It said “cheers” all the time and it didn’t update the drawings to correct the sizes and it didn’t give the opportunity to place the window/door correctly.

Improvements: make face less annoying, give the possibility to enter measures of position, add keyboard. 

VISOFT:

Easiest: putting the window/door in. 

Hardest: we didn’t agree on the size of the grid.  (too small; did not notice that it could be changed. 

Unexpected: no

Improvements: possibility to show what way the door opens.

Comments: She prefers this system, because she wants to decide herself what to do. 

PP18 

COMIC: 

Easiest: nothing was really easy!

Hardest: I had problems with the speech recogniser and I did not realize that I could also use the pen to input measures.

Unexpected: no

Improvements: It should make clear what your options are in each situation. 

Comments: used the head. 

VISOFT:

Easiest: placing the door

Hardest: trying to find out how to modify walls by dragging. 

Unexpected: Apparently you had to click OK after entering the window measures. I cannot understand why. 

Improvements: context sensitive help button. 

Comments: He is used to drawing programmes and prefers these. 

PP19 

COMIC: 

Easiest: All

Hardest: I touched the button on the pen accidentally, a couple of times. 

Unexpected: no

Improvements: It is rather slow. It may check measures!

Comments: He looked at the head for feedback. 

VISOFT:

Easiest: Drawing the walls.

Hardest: The door and window did not react as I expected.

Unexpected: More or less (door and window)

Improvements: more feedback. He did not see the icons for door and window. It should warn you that you should place them.

Comments: He did not have a preference for a system, since both can make mistakes. 

PP20

COMIC:  

Easiest: drawing

Hardest: waiting and repeating information

Unexpected: yes, by inverting the direction of the door opening.

Improvements: A whole sketch could be drawn before the system makes the drawing neat. Or improve the speed of the drawing programme response.

Comments:

VISOFT:

Easiest: drawing, once I learned the procedure.

Hardest: realizing the automatic scale/cursor and finding out how to delete/undo commands.

Unexpected: Maybe I did. 

Improvements: instructions should be given, e.g. enter the measure of … or start with the blueprint……

Comments: Prefers the web system. In the speech system you do not get autonomy. 
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