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BACKGROUND  AND MOTIVATION

Call centers increasingly adopt speech recognition technology to improve caller satisfaction and save costs in automated customer service systems. Speech recognition technology in the call center replaces touch-tone interaction in interactive voice responses systems (IVRs) with speech-driven caller-IVR dialogs. However, due to performance limitations in speech recognition and understanding technology, speech-enabled dialogs must be designed very carefully such that callers can interact effectively and “naturally” with the system while not overstepping the boundaries of dialog complexity that the speech-enabled IVR is able to recognize accurately. 

In this position paper I present two design techniques for increasing robustness of speech-enabled IVRs. The first applies to dealing with recognition errors and caller non-compliance in responses to open-ended routing prompts, such as “How may I help you?”. The second technique is an applies the principle of offering multiple, alternative modalities in recognition-based interfaces to the context of telephone speech user interfaces. Both techniques have been evaluated in the context of field studies in commercial call centers.

DIRECTED REPROMPT TO MINIMIZE RECOGNITION ERRORS AND INCREASE CALLER COMPLIANCE

The first design technique is called directed reprompt and it applies to designing effective call flows with open-ended routing prompts. An open-ended routing prompt, such as “How may I help you?”, effectively solves the routing task in IVRs. Call routing in the context of call center IVRs refers to routing (referring) callers to the right place, which can be automated fulfillment, for example in a credit card call center providing the caller with current balance and payment due date, or the correct customer service agent. Traditional touch-tone IVRs have callers select from a list of menu options to solve the routing task. However, as menu complexity increases, IVR usage decreases because callers become frustrated, and routing errors increase because of caller confusion. 

Since recently, capabilities of commercial telephone speech recognizers have reached a level that allows automatic recognition and classification of responses to open-ended routing prompts, also called natural call routing systems. Natural call routing allows IVR designers to replace touch-tone menus with open-ended routing prompts. We are presenting a field study that compares these two solutions to the routing problem elsewhere during this conference [1]. 

Open-ended routing prompts pose unique challenges to the dialog designer, including minimizing caller confusion and encouraging concise, brief responses. Callers who are speech novices or familiar with more traditional, directed speech-enabled dialogs are sometimes taken aback by the unconstrained nature of open-ended prompts, and they may be confused about what to say, leading to timeout errors. On the other hand, some callers respond to unconstrained prompts with long and rambling utterances, which are difficult to recognize and classify correctly.

The “directed reprompt” technique addresses both these issues. In telephone SUIs it is common to reprompt callers who do not respond or whose response cannot be recognized using the same prompt wording.  With a directed reprompt, callers are instead given brief, concise examples of “good” responses to the open-ended routing prompt instead. As an example, for the natural language call routing system of a large telecommunication provide we designed the following directed reprompt:

"I'm sorry but I'm not sure about the reason for your call.  Please say which of the following you would like to do:  check your balance, ask about your bill, make a payment, ask about rate plans, report trouble with your phone service, report a lost or stolen phone, or cancel your service.  For other reasons, say 'other'."

This prompt provides help to callers who are confused about what to say; and it gently guides callers to a concise response because they are likely to imitate the concise nature of the examples. 

CASE STUDY OF A DIRECTED REPROMPT

We evaluated the impact of the directed reprompt in the context of a field trial of a natural language call routing system. During the trial, we analyzed the behavior of thousands of live callers with a prototype speech-enabled IVR that included an open-ended routing prompt and directed reprompt. 16% of the callers reaching the the initial open-ended prompt did not respond or their response could not be classified, and they were sent to the directed reprompt. By employing this technique, about 20% of the callers experiencing the reprompt could be classified correctly and routed to the right place. 

This success rate of the directed reprompt may appear low, but only the subset of callers who are non-compliant or whose spoken utterances are particularly difficult to recognize experience the reprompt, for example, under noisy condition or when the caller has a strong accent. Table 1 provides further insights into how the directed reprompt is working. The response rate is the percentage of callers who say something in response to hearing a prompt. The rejection rate is the percentage of caller responses that are “rejected” by the topic classification system because they cannot be reliably recognized.

	
	Open-ended Prompt
	Directed Reprompt

	Utterance Length
	7.7
	2.9

	Response Rate
	91%
	80%

	Rejection Rate
	14%
	39%

	Classification Accuracy
	78%
	68%


Table 1: Comparing initial open-ended prompt with directed reprompt

The first row in Table 1 shows that the directed reprompt significantly decreases utterance length, compared to the initial open-ended prompt. Shorter utterances can generally be recognized and classified more easily. The response rate of 80% at the reprompt is not much lower than at the initial open-ended prompt, which shows that the directed reprompt is quite effective in prodding non-compliant callers to a response. However, the high rejection rate at the reprompt is quite high.  The high rejection rate is the price for maintaining a fairly high classification accuracy, and reflects the difficulty of recognition and classification for this specific set of responses. 

OFFERING TOUCH-TONE INPUT AS AN ALTERNATIVE

Previous research has shown that offering alternative input modalities benefits interaction with speech user interfaces [2]. Applying this principle to the context of telephone speech user interfaces suggests that touch-tone interaction should not be completely eliminated, even though speech is generally preferred by callers. 

There are several good reasons for keeping touch-tone input as an alternative. Some tasks appear to lend themselves more easily to touch-tone interaction [3], for example, digit entry. Even if the task is more suitable to speech, callers may prefer touch-tone interaction under certain circumstances to maintain privacy. Furthermore, since touch-tone interaction is much less error-prone than recognizing spoken caller responses, it is an effective fallback strategy when recognition accuracy is low. 

We are presenting a study on the impact of offering both speech and touch-tone input on caller-IVR interaction elsewhere during this conference [4]. Our results suggest that callers keep using touch-tones – at least for digit-entry tasks – even after the novelty effect of a speech-enabled IVR wears off. This is mainly because touch-tone input tends to be more accurate than speech input for digit entry (80-90% for touch-tone, versus 60-75% for speech). Not surprisingly, our survey results suggest that callers strongly prefer having the choice between speech and touch-tone interaction. 

CONCLUSIONS

I have presented two techniques to increase robustness in telephone speech user interfaces. The “directed reprompt” technique applies to designing open-ended routing prompts. Callers whose responses are misrecognized or who do not comply are guided to responses that are easier to recognize. The second technique applies to dialogs where touch-tone input is an acceptable alternative. By keeping touch-tone as an alternative to speech input, callers can recover more gracefully from recognition errors. Both techniques apply to novice and expert users alike, as the “expert path” through the IVR interaction remains unchanged: the expert will respond concisely to the open-ended routing prompt, and the expert can choose touch-tone interaction whenever that is overall faster. 
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