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ViSiCAST: D6-2 

Evaluation Report 2: Part 1 Unconstrained PO System  


Evaluation of the Unconstrained Post Office System, TESSA

Executive summary

Evaluations are reported for a system – “TESSA” – developed to help sign-language communication for face-to-face transactions in the Post Office (PO). TESSA recognises what a clerk says, from a restricted list of phrases, and plays an appropriate pre-recorded phrase signed by an avatar on a screen. Ten profoundly deaf people whose first language is British Sign Language (BSL) and five PO clerks took part. The main findings were:

· On average, 80% of the signs produced by the avatar and 56% of whole phrases were identified correctly.

· For ratings of ease of identification on a 5-point scale from 1-“Very difficult” to 5-“Very easy”, 72% of phrases were rated 3 or higher.

· For ratings of acceptability on a 3-point scale from 1-“Low” to 3-“High”, 70% of phrases were rated as 2 or 3.

· On average, 92% of the signs from video-recorded human signing and 79% of whole phrases were identified correctly. These levels of accuracy were higher than those achieved for identification of virtually-signed phrases.

· For ratings of ease of identification on a 5-point scale from 1-“Very difficult” to 5-“Very easy”, 92% of video-recorded phrases were rated 3 or higher. These ratings were higher than those given for virtually-signed phrases.

· For ratings of acceptability on a 3-point scale from 1-“Low” to 3-“High”, 92% of video-recorded phrases were rated as 2 or 3. These ratings were higher than those given for virtually-signed phrases.

· On average, the time taken to complete staged transactions was longer with TESSA (average of 174s) than without (average of 72s), and the deaf participants and the clerks, rated communication with TESSA as more difficult and as less acceptable than without TESSA.

· Four of the nine deaf participants who responded said they would prefer to have the system available in the PO, two of which would like to use it only when communication became difficult. Five people said they would prefer to communicate without TESSA in its present form.

· Nine of the deaf participants expected that using TESSA in the PO would cause them at least some worry or upset, with six anticipating it would cause them at least  “Quite a lot” of worry or upset.

· Aspects identified as needing improvement included facial expressions, clearer handshapes,  finger configurations,  lip patterns, better use of BSL grammar and placement and the delay between spoken and signed phrases. 

· Two of the four clerks who responded said they would prefer to have the system available and two would prefer to communicate without TESSA. 

· The clerks suggestions for improvement were primarily a better speech-recognition component to reduce the time taken for transactions and access to more phrases.

· Using visual analogue scales, the average rating for clarity of TESSA’s signs was 38%, for acceptability of TESSA signs as an example of BSL was 37% and for TESSA’s appearance was 55%. These ratings were lower than those given for video-recorded human signing, with averages of 78% for clarity and 81% for acceptability.

In conclusion:

The evaluations indicated that there is still scope for improvement of TESSA. The higher levels of accuracy and subjective ratings achieved for identification of video-recorded phrases provide target levels to be achieved for virtually-signed phrases. Areas identified as needing improvement include an improved speech-recognition component with reduced delay between spoken and signed phrases, better facial expressions, more realistic lip patterns and clearer handshapes.

1. Introduction

Evaluations are reported for the TESSA (Text and Sign Support Assistant) system version 3 (v3) developed to help communication in the Post Office (PO).  Five PO clerks and ten profoundly deaf people took part in the assessment.  These evaluations parallel those of TESSA version 1 (v1) completed 15 months previously (reported in Evaluation Report 1 for D6-1).

The evaluation comprised four parts; three parts replicated methods used in the evaluation of v1: identification of phrases on the system to assess intelligibility of TESSA’s signed phrases; assessment of mock PO transactions to evaluate the usefulness of TESSA in a real PO setting; and completion of feedback questionnaires for insights into the subjective views of the system from both deaf users and PO clerks. The fourth part comprised identification of phrases available in TESSA but presented on video signed by a human interpreter. This component enabled a comparison of the intelligibility of TESSA’s virtual signing to that of video-recorded human signing.  

1.1 TESSA

TESSA recognises what a PO clerk says and plays an appropriate pre-recorded phrase signed in British Sign Language (BSL) by a virtual human (avatar) on a screen facing the deaf customer. Text can be presented underneath each signed phrase.  Phrases were recorded using motion-capture technology from signing produced by one of two profoundly deaf people whose first language is BSL.  All variables such as dates and monetary amounts were recorded separately so that they could be spliced within relevant phrases where appropriate.

TESSA v3 differs from TESSA v1 in three main ways: first, a new avatar produces the signing, Visia 2. Compared to Visia 1 used in v1, Visia 2 has a more realistic face, a lighter skin tone which is more distinct from her clothing and the background and plainer clothing. Second, the recognition of spoken phrases is much less constrained. In version 1, the exact wording of the phrase had to be spoken for recognition.  In the current unconstrained system the recognition element was developed to cope with the different ways a certain phrase can be spoken, for example, “Could you give me the form”. “please give the form to me”, “can I have the form please?” would all be recognised to play the same TESSA phrase.  Third, the original system could recognise 115 phrases (thought to cover around 90% of instances of transactions). This number has been increased to 360 in v3. 

1.2 Deaf participants

Ten profoundly deaf people whose first language is BSL took part in the evaluation.  They were recruited by RNID’s Technology Outreach Worker through direct contacts with community workers and local RNID offices.  Each deaf participant was paid for their participation in addition to receiving reimbursement for their travel and accommodation costs.  The biographical details of the deaf participants are displayed in Table 1.

Deaf participant
Where live now
Where grew up
Gender
Age
Age became deaf
Other methods of communication able to use

1
London
London
Female
21 - 30
Birth
SSE, Spoken English

2
London
Essex
Male
31 - 40
Birth
-

3
Essex
Essex
Male
31 - 40
Birth
Spoken English

4
London
London
Female
21 - 30
Birth
Spoken English

5
N.Ireland
N.Ireland
Female
21 - 30
Birth
Spoken English

6
Wolverhampton
High Wycombe
Female
21 - 30
Birth
SSE

7
Cornwall
Southampton
Male
51 - 60
Birth
SSE

8
Middlesborough
Middlesborough
Female
31 - 40
Birth
SSE

9
Wales
Wales
Male
    < 20
Birth
-

10
Reading
London
Female
41 - 50
Birth
-

Table 1. Biographical details of the ten deaf participants who took part in the evaluations. (SSE – sign supported English.)

1.3 Clerks

Five clerks were recruited by the PO to take part in the evaluation.  Details of their PO working history and previous experience of communicating with deaf people in the PO are listed in Table 2.

Clerk
Gender
Current PO
Years worked as a clerk
How often serve deaf customers
How communicates with deaf customers

1
Male
Trafalgar, London
11 to 20
About 1 a week
-Speak; write down



2
Female
Science Museum, London
11 to 20
Less than 1 a month
-Speak; write down; depends on customer

3
Male
Norwich
11 to 20
2 to 4 a week
-Speak; write down; depends on customer

4
Male
Trafalgar, London
11 to 20
About 1 a week
-Speak; write down; depends on customer

5
Female
Barking, London
11 to 20
About 1 a month
-speak; write down 



Table 2. Details of the five PO clerks who took part in the evaluations.

1.3 Protocol

The evaluations took part over a three-week period in five sessions, each of which lasted two days.  One PO clerk and two deaf participants took part in each session. At the start of each session, the clerk’s voice was trained on the speech-recognition component of TESSA for two hours and the clerk was taught how to use TESSA. At the start of the evaluation, both deaf participants and clerks completed the first half of their feedback questionnaires.  Each deaf participant then alternated between performing a block of transactions with the clerk and identifying a block of TESSA phrases. The deaf participants then identified the phrases signed by the human interpreter on video. At the end of the session, clerks and deaf participants completed the feedback questionnaires and gave general feedback.  BSL-English interpreters were present throughout the trials.  

2 Phrase Intelligibility 

2.1 Aim

To assess the intelligibility of the signed phrases available in TESSA.

2.2 Phrase Intelligibility Method

The deaf participants were asked to identify 120 signed phrases in TESSA.  Sixty of the phrases had been re-recorded / improved since v1 and sixty phrases were new.  The deaf participants were presented with each signed phrase and asked to sign to the interpreter what they understood.  The interpreter then wrote down the response.  The deaf participants were also asked to rate each phrase for ease of identification (on a 5-point scale from 1- “Very difficult” to 5-“Very easy”) and to rate how acceptable the phrase was as an example of BSL (on a 3-point scale from 1-“Low” to 3-“High”).  Phrases were presented on a 1.2 Ghz Pentium 4 PC with a Geforce graphics card.  The TESSA avatar operated at a rate of 25 frames per second. Signed phrases were presented without text. The deaf participant controlled presentation of each phrase and was allowed to repeat each phrase up to a maximum of four times allowing a maximum of five presentations. Phrases were presented in blocks of 20.

Accuracy of identification of phrases was assessed in two ways. First, the accuracy of identification of whole phrases was measured. Second, accuracy was assessed by breaking each phrase down into approximate semantic units, “sign units”. For example, “It should arrive by Tuesday but it’s not guaranteed?” would have five sign units, so “should arrive Tuesday not guaranteed” would score 5 (100%); “should arrive Tuesday” would score 3. The 120 phrases gave a total of 450 sign units. While these units were not all distinct (some of the numerical signs, for example, appeared many times), identification of each presentation of a unit was scored separately. One experimenter judged the accuracy of responses for both measures on the basis of written responses by the interpreter from each deaf participant.  Once each phrase had been scored for accuracy of identification, each deaf participant was re-presented with each phrase not identified correctly along with the text of the intended phrase. With an interpreter and experimenter, they were asked to indicate whether they considered the signs to be inappropriate or just not clear.

2.3 Results

Accuracy of identification

The average accuracy of identification of whole TESSA phrases was 56% and ranged from 48% to 64% across deaf participants. The average accuracy of identification of TESSA sign units was 80% and ranged from 73% to 84% across deaf participants. These results are displayed in Figure 1.  
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Figure 1. The average accuracy of identification of  (a) whole phrases and (b) phrase units, achieved by each deaf participant and as an overall mean.  
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On average 6% of errors (1% of all sign units) were considered to be due to incorrect signs. The remaining errors (19% of all sign units) were considered to be due to unclear signing (Figure 2).  In addition, the participants judged that on average 15% of the unclear signs would not have occurred if the phrase had been presented in context, as it would be in a real situation.

Figure 2.  Percentage of errors considered due to inappropriate signs or unclear signing (as a percentage of total sign units) for each participant and as an overall mean.

Ease of Identification

The average rating given for ease of identification of TESSA phrases (measured on a 5-point scale from 1-“Very difficult” to 5-“Very easy”) for all phrases was 3.4 and ranged from 2.0 to 3.9 across deaf participants. All deaf participants rated phrases in at least four of the five categories. The total percentage of phrases rated at each level of ease of identification is shown in Table 3. 

Rating of ease of identification
% of TESSA phrases

5 Very easy 
30.7

4
20.3

3
20.9

2
10.8

1 Very difficult
17.3

Table 3. The percentage of phrases rated in each category of ease of identification.

Acceptability

The average rating given for acceptability of the TESSA phrases (measured on a 3-point scale from 1-“Low” to 3-“High”) was 2.1 and ranged from 1.4 to 2.3 across participants. All deaf participants rated phrases in at least two of the three categories. The total percentage of phrases rated at each level of acceptability is displayed in Table 4.

Rating of acceptability
% of TESSA phrases

3 High 
36.6

2
33.7

1 Low
29.7

Table 4. The percentage of phrases rated in each category of acceptability.
The accuracy of identification of whole phrases did not correlate significantly with ratings of ease of identification [P = 0.01, p > 0.1] nor with ratings given for acceptability [P = 0.15, p > 0.1]. 

2.4 Discussion

Accuracy of identification of TESSA signed phrases and phrase units was fairly high, with averages of 56% for whole phrases and 80% for sign units. The range in identification accuracy for sign units across deaf participants was moderate (11% and 16% respectively). 

The majority of identification errors in sign unit recognition (94%) were due to signs considered as unclear.  Only 6% of errors (1% of all sign units) were due to signs considered as inappropriate. The pattern of errors across deaf participants generally indicated that the signs considered as inappropriate differed between deaf participants.  Of the 18 phrases that were considered to contain inappropriate signs, 16 were considered inappropriate by no more than two of the 10 people.  This suggests that differences in individual signing style and regional signing may account for some of the variation in judgements of appropriateness and phrase intelligibility. However, the fact that there were few errors of this type suggests that clarity of signing is the main issue to be addressed to improve intelligibility.

Fifty one percent of the TESSA signed phrases were rated in the top two categories of the 5-point ease of identification scale, and 72% in the top three. The majority of TESSA signed phrases, 70% were also rated in the top two categories of the 3-point acceptability scale with 37% at the top level.  This is an encouraging result as it suggests that the majority of phrases were not considered hard to identify nor low in acceptability as examples of BSL. For both rating scales, deaf participants rated phrases across the scales suggesting a range of perceived ease of identification and acceptability. Hence while high levels of ease of identification and acceptability were achieved, the quality appears to vary across phrases within the system. It will be important to identify and improve the low-quality phrases, especially for such a system where users may only see one or two phrases per transaction. Where such a system is novel and generally requiring encouragement even for initial use, one low-quality experience could easily prevent people from attempting further use.  

The lack of correlations between rating scales and accuracy of identification suggest that these subjective ratings are not significantly related to intelligibility.  Subjective ratings are likely to reflect a lack of familiarity with virtual signing and so should improve with experience. However, the fact that ratings were given across the range of each scale indicates an additional need for improvements in the subjective quality of some signed phrases. 
2.5 Summary

· Average accuracy of identification of whole TESSA phrases was 56% and ranged from 48% to 64% across deaf participants.

· Average accuracy of identification of TESSA phrase units was 80% and ranged from 73% to 84% across deaf participants.

· The majority of identification errors, 94%, were considered due to unclear signing rather than inappropriate signs. Signs considered inappropriate largely differed across deaf participants suggesting individual signing style or regional variations played a part in at least these errors.  

· The average rating for ease of identification of TESSA phrase (on a 5-point scale from 1-“Very easy” to 5-“Very difficult”) was 3.4 and ranged from 2.0 to 3.9 across deaf participants. Fifty one percent of ratings were in the top two categories and 72% in the top three categories.

· The average rating for acceptability of TESSA phrases as an example of BSL (on a 3-point scale from 1-“Low” to 3-“High”) was 2.1 ranging from 1.4 to 2.3 across deaf participants. Thirty percent of ratings were in the top category and 71% in the top two categories. 

3 Video Phrase Intelligibility

3.1 Aim

To assess the intelligibility of TESSA phrases signed by a human interpreter presented by video recording and compare this to the intelligiblity of phrases signed in TESSA.

3.2 Video Phrase Intelligibility Method

A video recording (using a Sony minidv camera) was made of a female BSL-English interpreter signing 60 of the phrases from the TESSA system.  These phrases were different from the 120 virtually-signed phrases identified from TESSA in Section 2.  The interpreter watched TESSA sign each phrase before signing it herself using the same grammar and signs as TESSA.  In this way, differences in regional signing and individual signing style should not affect the comparison between the signing of TESSA and the interpreter. The camera recordings were digitised using Adobe Premier at 25 frames per second and compressed using an Intel Indeo compressor to avi files for playback in Windows Media Player.

Intelligibility of the video-recorded interpreter phrases was assessed by the same methods used for virtually-signed phrases (as reported in section 2.2). These methods generated outcome measures of accuracy of identification of whole phrases and phrase units and ratings of ease of identification and acceptability of signing as an example of BSL. An analysis of identification errors was not performed due to lack of time during the test session. The 60 video phrases gave a total of 215 sign units. 

3.3 Results

Accuracy of identification
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Figure 3. The average accuracy of identification of whole phrases produced by TESSA (light-coloured bars) and by interpreter on video (dark-coloured bars) achieved by each deaf participant and as an overall mean.  

The average accuracy of identification of whole video phrases was 79%, ranging from 68% to 90% across deaf participants. This level of accuracy was significantly higher than the the level of accuracy of identification of TESSA phrases [t (9) = -10.4, p < 0.001] with an average of 56%, ranging from 48% to 64%. These results are displayed in Figure 3.
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The average accuracy of identification of video sign units was 92%, ranging from 87% to 96% across deaf participants. This level of accuracy was significantly higher than that achieved for identification of TESSA phrase units [t (9) = -14.1, p <0.001], where average accuracy was 80%, ranging from 73% to 84% across deaf participants.
Figure 4. The average accuracy of identification of sign units produced by TESSA (light-coloured bars) and by interpreter on video (dark-coloured bars) achieved by each deaf participant and as an overall mean.
Ease of Identification

The average rating of ease of identification (measured on a 5-point scale from 1-“Very difficult” to 5-“Very easy”) across deaf participants was 4.4 and ranged from 3.8 to 4.7. These ratings were significantly higher than those achieved for identification of TESSA phrases [t (9) = -4.5, p < 0.005] which averaged 3.4, ranging from 2.0 to 3.9 across deaf participants.  Percentages of ratings in each category are shown in Table 6 and Figure 5.

Rating of ease of identification
% of TESSA phrases
% of video

phrases

5 Very easy 
30.7
71.1

4
20.3
13.2

3
20.9
7.8

2
10.8
3.0

1 Very difficult
17.3
4.8

Table 5. The percentage of phrases rated in each category of ease of identification.
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Figure 5. The percentage of TESSA phrases (light-coloured bars) and video-recorded phrases (dark-coloured bars) rated in each category of ease of identification from 1- “Very difficult” to 5-“Very easy”.

Acceptability

The average rating of ease of identification (measured on a 3 point scale from 1-“Low” to 3-“High”) across deaf participants was 2.7 and ranged from 2.5 to 2.8. These ratings were significantly higher than those achieved for identification of TESSA phrases [t (9) = -5.9, p < 0.001] which averaged 2.1, ranging from 1.4 to 2.3 across deaf participants. Percentages of ratings in each category are shown in Table 7 and Figure 6.

Rating of acceptability
% of TESSA phrases
% of video

phrases

3 High 
36.6
77.1

2
33.7
14.4

1 Low
29.7
  8.5

Table 6. The percentage of TESSA and video-recorded phrases rated in each category of acceptability
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Figure 6. The percentage of TESSA phrases (light-coloured bars) and video-recorded phrases (dark-coloured bars) rated in each category of acceptability from 1- “Low” to 3 -“High”. 

3.4 Discussion

Accuracy of identification of the video-recorded human signing was significantly higher than for identification of the virtually-signed TESSA phrases, for both whole phrases (averages of 79% and 56% respectively) and phrase units (averages of 92% and 80% respectively). While unsurprising that higher accuracy was achieved for identification of video-recorded human-signed phrases, these results are nonetheless informative, since this level of accuracy was not at 100%. Hence these results indicate a level of intelligibility which should be targeted for virtual signing presented on a 2-dimensional screen. 

For subjective ratings, there was a much larger difference between video-recorded and TESSA phrases than that observed for the measures of intelligibility. Seventy one percent of video-recorded phrases were rated as very easy to identify, compared to 31% for TESSA phrases, and 77% were rated as highly acceptable, compared to 37% for TESSA phrases. Ninety two percent of video-recorded phrases were rated in the top three categories of ease of identification, compared to 72% for TESSA phrases, and 92% were rated in the top two categories of acceptability, compared to 70% for TESSA phrases. Part of this difference may be attributed to the greater familiarity with human signing and hence is likely to reduce with greater experience of virtual signing. However, it is likely that this result also indicates a need to improve the subjective quality of the virtual signing. Suggestions made by the participants as to how this quality could be improved are given in part 4 in the general feedback section.

3.5 Summary

· Accuracy of identification of whole phrases was significantly higher for video-recorded phrases than TESSA phrases, with averages of 79% and 56% respectively.

· Accuracy of identification of phrase units was significantly higher for video-recorded phrases than TESSA phrases, with averages of 92% and 80% respectively.

· The levels of accuracy achieved for the video-recorded phrases provide a level to target for the intelligibility of TESSA phrases. 

· Ratings of ease of identification were significantly higher with video-recorded than TESSA phrases, with averages of 4.4 and 3.4 respectively. Seventy one percent of video-recorded phrases and 31% of TESSA phrases were rated as very easy to identify.

· Ratings of acceptability were significantly higher with video-recorded than TESSA phrases, with averages of 2.7and 2.1 respectively. Seventy seven percent of video-recorded phrases  and 37% of TESSA phrases.

· The large differences in subjective ratings between video-recorded and TESSA phrases could in part be attributed to familiarity, but more likely reflect the need to improve the subjective quality of virtual signing.

4. Transactions

4.1 Aim

To compare completion times and ease and acceptability of communication in transactions with and without TESSA.

4.2 Method

Each deaf participant attempted 18 transactions with a single PO clerk. Transactions were selected by the PO as those achievable with the phrases available.  Of the 18 transactions, 6 were denoted as simple, 6 as of average difficulty and 6 as complex.  As in the first evaluation of the system, the actual complexity of the transactions varied between clerks according to the number of questions they asked and assumptions they made. Hence differences between performances for each designated category of complexity were not considered valid for analysis post hoc. 

Each deaf participant attempted half of the 18 transactions with TESSA and half without. Transactions attempted with and without TESSA were counter-balanced between deaf participants. Six additional practice transactions (three with and three without TESSA) were performed at the start of each session to introduce TESSA and the format of the evaluation. Transactions were performed in blocks of six, three with TESSA and three without.  

Each deaf participant was told what transaction they were to attempt and were asked to act as if they were in a PO in everyday life.  For example “You want to purchase travel insurance for a trip to Spain 13th-20th October” or “You want to apply for a passport”.  They were given any appropriate forms they would usually take with them to the PO.  The PO clerks were not informed of the nature of the transaction before it took place. 

The time taken to complete each transaction was recorded. In addition, on completion of each transaction, both deaf participants and clerks were asked to rate each transaction for ease of communication (on a 5-point scale from 1-“Very difficult” to 5-“Very easy”) and acceptability (on a 3-point scale from 1-“Low” to 3-“High”). After each transaction, the experimenter discussed with the clerk and deaf participant what they understood to have happened and any misunderstandings were noted.    

4.3 Results

The average time taken to complete transactions was longer with TESSA (average of 174s) than without TESSA (average of 72s) [ t (9) = -7.22, p <0.001].  These results are shown in Figure 7.
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Figure 7. Average time taken to complete transactions without (light-coloured bars) and with TESSA (dark-coloured bars) for each deaf participant and as an overall mean.

Deaf participant ratings for ease and acceptability of communication


Communication in transactions completed with TESSA was on average rated as more difficult than in transactions completed without TESSA [ t (9) = 4.53, p < 0.001] (Figure 8 and Table 7).  Average ratings of ease of communication (from 1-“Very difficult” to 5-“Very easy”) were 3.5 with TESSA, ranging from 2.4 to 4.2 across deaf participants and 4.6 without TESSA, ranging from 4.0 to 5.0. 

Rating of ease of identification
% of transactions with TESSA
% of transactions without TESSA

5 Very easy 
12.2
0.0

4
11.1
1.1

3
22.2
8.9

2
20.0
22.2

1 Very difficult
34.4
67.8
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Table 7. The percentage of transactions performed with and without TESSA rated in each category of ease of identification by deaf participants.

Figure 8.  Average ratings of ease of communication for each deaf participant and as an overall mean on a 5-point scale from 1-“Very difficult” to 5-“Very easy”.

Communication in transactions completed with TESSA was on average rated as less acceptable than in transactions completed without [ t (9) = 5.07,  p < 0.001] (Figure 9 and Table 8).  Average ratings of acceptability (from 1-“Low” to 3-“High”) were 2.0 with TESSA, ranging from 1.6 to 2.3 across deaf participants and 2.8 without TESSA, ranging from 2.4 to 3.0. 

Rating of acceptability
% of transactions with TESSA
% of transactions without TESSA

3 High 
34.8
  2.2

2
34.8
13.3

1 Low
30.3
84.4

Table 8. The percentage of transactions performed with and without TESSA rated in each category of acceptability by deaf participants.
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Figure 9.  Average ratings of acceptability of communication for each deaf participant and as an overall mean on a 3-point scale from 1-“Low” to 3-“High”.

Clerk rating for ease of communication and acceptability of communication


Clerks rated communication in transactions as more difficult with TESSA than without [ t(4) = 10.8, p < 0.001] (Figure 10 and Table 9).  The average rating of ease of communication (rated on a 5-point scale from 1-“Very difficult” to 5-“Very easy”) was 2.5 with TESSA, ranging from 2.1 to 3.1 across clerks, and 4.5 without TESSA, ranging from 4.1 to 4.9. 

Rating of ease of identification
% of transactions with TESSA
% of transactions without TESSA

5 Very easy 
29.8
0.00

4
20.2
3.3

3
25.0
10.0

2
18.0
23.3

1 Very difficult
7.1
63.3

Table 9. The percentage of transactions performed with and without TESSA rated in each category of ease of identification by clerks.
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Figure 10.  Average ratings of ease of communication by clerks in each category of a five-point scale (from 1-“Very difficult” to 5-“Very easy”) in transactions with and without TESSA for each clerk individually and as an overall mean.

Clerks rated transactions with TESSA as less acceptable than transactions with TESSA [ t(4) = 13.3, p < 0.001] (Figure 11 and Table 10). The average rating given by clerks for acceptability of communication in transactions with TESSA was 1.7, ranging from 1.4 to 1.9, and was 2.8 without TESSA, ranging from 2.6 to 2.9. 

Rating of ease of identification
% of transactions with TESSA
% of transactions without TESSA

3 High 
43.5
  2.2

2
43.5
15.6

1 Low
12.9
82.2

Table 10. The percentage of transactions performed with and without TESSA rated in each category of acceptability by clerks.
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Figure 11.  Ratings of acceptability of communication by clerks in each category of a 3-point scale (from 1-“Low” to 3-“High”) in transactions with and without TESSA for each clerk and as an overall mean.
4.4 Discussion

Transactions performed using TESSA took on average longer to complete than transactions performed without TESSA (174s and 72s, respectively).  Long transaction times with TESSA can in part be attributed to the clerks lack of familiarity with using the system and limited knowledge of the phrases available. However, another main factor was a noticeable delay between the clerk speaking a phrase and production of the signed phrase. A problem was later identified in the speech recognition component of TESSA which had caused the delay.

Both the deaf participants and the PO clerks rated transactions using TESSA as less acceptable and more difficult than transactions without. It is likely that the delays between speech and signing with the system contributed to the lower ratings with TESSA.

Other factors may also have contributed to the low ratings and longer transaction times for communication with TESSA compared to communication without.  As in the first evaluation of the system many of the deaf participants were good communicators and were naturally used to having to make themselves understood and understanding others using speech/lipreading or writing things down/reading.  This was the case despite making extensive efforts to recruit BSL-reliant deaf participants through direct contacts rather than through email groups.  It is likely that the people most reliant on BSL and largely unable to communicate in any other way would not be willing to travel to London to take part in evaluations of this kind.  The clerks were also quite deaf aware and were able to communicate well with the deaf participants by speaking clearly, gesturing and writing things down.  

4.5 Summary

· Transaction times were over twice as long with TESSA than without (with averages of 174s and 72s, respectively).

· Deaf participants and clerks rated communication with TESSA as more difficult than communication without by an average of 1.2 and 2.0 points, respectively, on a 5-point rating scale from 1 –“Very easy” to 5- “Very difficult”.

· Deaf participants and clerks rated communication with TESSA as less acceptable than communication without by an average of 0.8 and 1.1 points respectively, on a 3-point rating scale from 1- “Low” to 3- “High”.

· It is likely that  a number of factors were linked to the longer transaction times and poorer ratings with TESSA
· A problem identified with the speech-recognition component causing a delay between clerks speaking a phrase and the phrase being signed.
· The deaf participants were good communicators.
· The PO clerks were very deaf aware and communicated well without TESSA.
4. Questionnaires

4.1 Aim

To obtain subjective views from both deaf participants and clerks on the usability of TESSA, potential improvements in communication using TESSA and general views about virtual signing and avatars.   To obtain subjective views of deaf participants’ previous experiences of communicating in the PO and PO clerks’ previous experiences of communicating with deaf people in the PO.  

4.2 Method

The experimenter administered separate questionnaires to deaf participants and clerks.  The questionnaires are attached as Appendices 1 and 2, respectively.  Questions 1 to 11 for the deaf participants and questions 1 to 5 for the clerks were asked at the start of the evaluation.  The remaining questions were asked at the end when any general feedback was also recorded.  The deaf participants’ questionnaire included use of three visual analogue scales where deaf participants were asked to rate clarity of signing, acceptability of the avatar as a signer of BSL and the avatar’s appearance. This was achieved by marking on a line with “Not at all” (0%) at one end and “Totally” (100%) at the other end. Location of marked points on the line yielded a score between 0% and 100% on each scale for each deaf participant.

4.3 Results

Deaf participants

Nine deaf participants said that if they needed something from the PO they would usually go themselves and one (participant number 9) said they would ask someone else to go for them. Those who went themselves reported using a mixture of lipreading, speaking and writing things down to communicate in the PO.  

Ratings given by the ten deaf participants for ease of communication are reported in Table 11. The judgements given by deaf participants as to how much TESSA improved communication are presented in Table 12. Table 14 shows responses for questions about worry, upset or annoyance caused by communicating in the PO.

When asked for their preference, of the 9 who responded, two said that they would prefer to communicate with TESSA, two that they would like TESSA to be available as an option if communication became difficult and five people said they would prefer to communicate without TESSA.  Nine deaf participants said that if they used TESSA they would prefer it to be presented with both BSL and text and one person said they would prefer it as BSL alone.


Question
Very easy
Fairly easy
Manageable
Slightly difficult
Very difficult

11
How easy do you usually find communication in the PO?

2 4 5
1 3 6 7 8

10

12
How easy did you find communication using TESSA?

9
3 4 8
1 2 7 10
5 6

14
In everyday life, how easy do you think communication would be using TESSA?

6 9
3 4 8
1 2 5 10
7

Table 12. Responses made by each deaf participant to the three questions about ease of communication in the PO: previously, in the trials with TESSA and anticipated in everyday life with TESSA. Each number represents the responses from one deaf participant.


Question
Much easier
Slightly easier
No difference
Slightly worse
Much worse

13
Compared to communication without, do you think TESSA made communication:

3 6 9
1 2 8 10
4 5 7


15
In everyday life, do you think that using TESSA in the PO would make communication:

1 3 6 8
2 4 9
5 10
7

Table 13. Responses made by each deaf participant to the questions about comparing communication in the PO between with and without TESSA: in the trials and anticipated in everyday life. Each number represents the responses from one deaf participant.

Question
Very much
Quite a lot
Some
A little
Not at all

8
In everyday life, how much does communication in the PO upset, annoy or worry you?

10
6 9
2 3 5 7 8
1 4

16
In everyday life, how much would communication using TESSA in the PO upset, annoy or worry you?
4 5 7
3 8 10
9
1 6
2

Table 14. Responses made by each deaf participant to the two questions about how much communication in the PO bothered them previously and anticipated with TESSA in everyday.

Visual Analogue scales

The results of ratings on scales for assessing clarity of signing, acceptability of signing as an example of BSL and appearance are displayed in Figure 12.

Figure 12.  Ratings given on visual analogue scales for clarity of signing, acceptability of signing and acceptability of appearance for TESSA’s signing and video-recorded human signing. (No score was given for appearance of the human signer).

The mean rating for clarity of TESSA signing was 38% and ranged from 10% to 75% across deaf participants.  Significantly higher ratings of clarity were given for the video-recorded signing [t (9) = -5.7, p < 0.001 ] with an average of  78%, ranging from 60% to 100%. 

The mean rating for acceptability of TESSA signing as an example of BSL was 37% and ranged from 7% to 68%. Significantly higher ratings of clarity were given for the video-recorded signing [t (9) = -5.0, p < 0.001] with an average of 81%, ranging from 66% to 100%. 
The mean rating for the acceptability of TESSA’s appearance was 55% and ranged from 9% to 100%.  It was not thought appropriate to ask for a rating of the acceptability of the human deaf participant’s appearance. 

Clerks

Most of the PO clerks who took part in the evaluation reported that they served deaf customers fairly regularly (Table 15).  All reported that they either spoke or wrote things down when communicating with deaf customers and three said additionally that they were flexible in their communication approach depending on what the deaf customer preferred.  These results are displayed in Table 16. Ratings given by clerks for ease of communication are displayed in Table 17.  

When asked for their preference, of the four clerks who responded, two said they would prefer to communicate with TESSA and two without.


Clerk
Regularity of serving deaf customers?
Usual method of communicating with deaf customers


1
Once a week
Speaking, writing 


2
Less than once a week
Flexible – speaking, writing


3
2 – 4 times a week
Flexible – speaking, writing


4
Once a week
Flexible – speaking, writing


5
Once a month
Speaking, writing

Table 15.  Usual regularity of deaf customers and communication methods used

Question
Very easy
Fairly easy
Manageable
Slightly difficult
Very difficult

5
How easy do you usually find communication with deaf customers?

1 3 5
2 4 



6
How easy did you find communication using TESSA?

4
2 3 5 
1


8
In everyday life, how easy do you think communication would be using TESSA?


2 4 5 
1
3

Table 16. Responses made by each clerk to the three questions about ease of communication with deaf customers: previously, in the trials with TESSA and anticipated in everyday life with TESSA. Each number represents the responses from one clerk.

Question
Much easier
Slightly easier
No difference
Slightly worse
Much worse

7
Compared to communication without, do you think TESSA made communication:

4

1 2 3 5


9
In everyday life, do you think that using TESSA in the PO would make communication:

2 4 5
1

3

Table 17. Responses made by each deaf participant to the two questions about comparing communication in the PO with and without TESSA, in the trials and anticipated in everyday life. Each number represents the responses from one clerk.

General comments - deaf participants

A number of comments were made about TESSA’s signing.  There was general agreement that the signing would be clearer if the facial expressions were improved, with better use of BSL grammar and placement, and clearer handshapes and fingerspelling.  It was noted that some signs such as ‘datapost’ and ‘benefits agency’ needed to be fingerspelt in full in order to be understood rather than the letters ‘d’ or ‘ba’ being used.  

The only comment made about the avatar’s appearance was that the animation of the nose was a little strange and disturbing.

It was suggested that TESSA would be easier to understand if she was larger.  It was also stated that the speed and accuracy of the speech recognition part of the system needed to improve in order to reduce the time of transactions to an acceptable level.

A novel suggestion was made that a small keyboard could be placed in front of the TESSA screen to give deaf people the option of typing to the PO clerk rather than writing things down or speaking.

It was also stated that although TESSA was not rated as very helpful in the PO there were other areas where she may be more helpful, where the exchange of information is more complicated.  Examples of travel agents, banks, tourist information kiosks, appliance and furniture shops, benefits agencies, underground trains, CD roms, the Internet and parties and social gatherings were given.  

General Comments - Clerks

All clerks said that the speech-recognition element of the system needed to improve for transactions to be successful.  The time taken for voice recognition was suggested as the main cause of delay in transactions and meant that clerks were frustrated by often having to write things down.  It was suggested that although v3 of TESSA includes additional phrases, more phrases are needed. For example, amounts for money, limited up to a maximum of £99 in the present evaluation were outlined as an essential area for expansion.  

Most PO clerks pointed out that the system had great potential. The two clerks that took part in the previous evaluation of TESSA v1 said that TESSA had improved a lot in v3.  However, most clerks suggested that more improvement was needed before it was practical for use in the PO environment.  The issue of counter space problems with the TESSA equipment was also raised.

One clerk suggested that if he had more experience using TESSA before the evaluation and more realistic props, the transactions may have been quicker.

Some improvements to the system were suggested by clerks such as touch-screen rather than mouse-click commands and a pop up box with related phrases that may be used in the transaction with related likely subsequent phrases.  It was suggested that a better indicator of when the avatar was signing and exactly what she was signing was also needed.

One clerk thought the system may encourage deaf customers with low communication confidence to use the PO if they would not normally do so.

4.4 Discussion

Two deaf participants said they would prefer to communicate with TESSA in the PO and two said they would like TESSA to be available as an option if communication became difficult.  Two deaf participants who said that communicating in the PO usually upset, annoyed or worried them reported that this would be reduced with TESSA. However, 9 of the deaf participants expected that using TESSA in the PO would cause them at least some worry or upset, with six anticipating it would cause them at least  “Quite a lot” of worry or upset.

 Three deaf participants said communication with TESSA was “slightly easier” and four deaf participants said TESSA would make day to day communication in the PO ‘slightly easier’.  Responses given by the other deaf participants were neutral or negative towards TESSA.

Ratings on visual analogue scales for the clarity and acceptability of signing were greater for video-recorded human signing than for virtual signing. These levels achieved with video-recorded signing were not perfect so provide a target for improvements with TESSA. There were wide variations in the ratings given for TESSA by the deaf participants on the three visual analogue scales.  This variation could reflect differences in individual signing style and exposure to technology and computer animation amongst the group.
In general, views from the clerks were negative or neutral about the benefits of using TESSA in the PO. For example, only one of the clerks rated communication using TESSA as easier than without and one reported no difference. One clerk reported that communication in transactions with TESSA was easier than without and three reported that TESSA would make communication in POs in everyday life ‘slightly easier’. 

The fact that the TESSA system did not receive more positive feedback from both deaf participants and clerks is disappointing.  Comments suggest that these negative views were mainly due to the long transaction times and the disjointed nature of communication with TESSA, due primarily to the need for multiple attempts with the speech recogniser.  The lack of familiarity of both deaf participants and clerks when they had to make real attempts to use it (rather than just observing a demonstration) could also have contributed to the negative views.

4.5 Summary

· Of the nine deaf participants who responded, two stated they would prefer to communicate with TESSA in the PO, two said they would like TESSA available as an option if communication became difficult and five said they would prefer to communicate without TESSA.

· Two of the 10 deaf participants rated communication using TESSA, in the trials and anticipated in everyday life, as easier than without and two judged it would be as easy.

· Two deaf participants said that they anticipated using TESSA in the PO would upset, annoy or worry them less than communicating without TESSA.

· Nine of the ten deaf participants said they would prefer to see TESSA presented as BSL and text and one said they would prefer to see TESSA presented as BSL alone.

· The average rating for clarity of TESSA’s signs was 38%, for acceptability of TESSA signs as an example of BSL was 37% and for TESSA’s appearance was 55%. These ratings were lower than those given for video-recorded human signing, with averages of 78% for clarity and 81% for acceptability.

· When asked for their preference, of the four clerks who responded, two said they would prefer to communicate with TESSA and two without.

· One clerk said that in the trials communication was easier using TESSA than without. Three clerks anticipated that communication in the PO in everyday life would be easier with TESSA than without.

· The speech-recognition system appeared to be the main problem making communication difficult with TESSA. 

· Deaf participants gave feedback about potential improvements to the signing on the system which included

· Clearer facial expressions and lip patterns

· Better BSL placement and grammar

· Clearer handshapes and fingerspelling

· Full fingerspelling of unusual words rather than using initials
5. Conclusions

The evaluations indicated that there is still scope for improvement of TESSA. The levels of accuracy achieved for identification of video-recorded phrases provide levels of intelligibility and subjective ratings to target for virtually-signed phrases. Areas identified as needing improvement include an improved speech-recognition component with reduced delay between spoken and signed phrases, facial expressions, lip patterns and handshapes.
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