
Project Summary

The proposed research focuses on creating robust, widely-deployable and cost-effective technology solu-
tions for enabling and enhancing cross-lingual spoken interaction between people who do not share a 
common language. Our target application focuses on communication between healthcare personnel who 
speak English only and patients with limited-English proficiency. This interaction represents machine-
mediated interpersonal communication, which is different from conventional human-machine dialogs. 

The state-of-the-art  in speech to speech (S2S) system design that enables such cross-lingual interactions 
is characterized by (1) a pipelined architecture of speech recognition, machine translation and speech syn-
thesis that relies primarily on lexical information, largely ignoring other rich information present in speech 
and spoken discourse, (2) minimal interaction between the constituent components beyond the pipelining 
and (3) not adequately taking advantage of the humans in the loop for automatically learning, adapting and 
collaboratively managing the interaction just as an experienced interpreter would do. Overcoming these 
fundamental limitations requires improving robust intelligence at all levels — signal, system, and human 
— and directly leads to the research questions of the proposed work. Our central premise is that the medi-
ating system should utilize the rich context, beyond what is conveyed by words, while being cognizant  of 
and working along with the participating humans for enabling successful cross-lingual interactions in 
terms of improved information transfer, communication efficiency and social co-presence. We propose to 
capture, model and transfer rich contextual information conveyed through speech prosody, discourse, and 
user state behavior to aid robust translation and expressive synthesis in the target language. 

The intellectual merit of the proposal comes from the unique combination of theoretical, computational 
modeling and empirical elements that signals new directions in spoken language technology development: 
• The theoretical framework is centered on notions of social co-presence in human communication. In-

spired by this, we plan to develop a new model to explain and support our hypotheses related to 
translation-mediated communication, and seek guidelines for system design: such as, the selection of 
spoken language features for enriching the interaction between linguistically disparate individuals.

• The computational modeling aspect of the work, which has statistical machine learning at  its heart, has a 
three-pronged aim: (1) to create algorithms for capturing features from spoken language (related to pros-
ody, dialog and user state) and using them to enrich the recognition, translation, and synthesis compo-
nents; (2) to offer a tighter integration across these now-pipelined components, and (3) to take advantage 
of the humans in the interaction loop, thereby making possible mixed-initiative active learning (e.g., of 
named entities that  are notoriously challenging for S2S systems to handle) and transfer learning (e.g., 
through online and offline adaptation of user models). 

• The empirical aspect  relies on a unique participatory approach to iterative design and evaluation of the 
system, working directly with the stakeholders (medical experts, professional and volunteer translators as 
well as standardized patients trained by experts in medical education with a focus on people with limited 
English proficiency). The evaluation will comprise targeted experiments investigating the technology 
performance as well as the efficacy and robustness of the overall interaction.

The broader impact of developing communication augmentation systems can be seen in their potential 
for facilitating multilingual efforts ranging from disaster relief to global business operations to servicing 
diverse immigrant populations. Perhaps one emblematic broad-impact  application environment is health 
care. In the United States, lack of equal medical treatment  for patients with limited English speaking ca-
pability is a considerable problem. Numerous studies have documented resultant  significant barriers to 
health care delivery and access to this segment of the population - predominantly minority women, chil-
dren and elders. Despite system level efforts to improve the inter-cultural competency of health care insti-
tutions, the problem persists. Treatment  that  takes place at  the individual level must be improved at the 
individual level. The development of cross-linguistic mediation augmentation systems can help serve this 
purpose. This effort  brings together engineers, linguists, human communication experts, and medical pro-
fessionals, including healthcare experts on language and cultural diversity issues to tackle a broad range of 
scientific and technological problems. As a result, the project offers opportunities for integrated interdisci-
plinary research training of doctoral and undergraduate students, a primary goal of the grant, and for sig-
nificant  K-12 outreach. The strategic partnership between academic and industry experts also offers 
unique mentoring possibilities for students in the context of solving problems of direct societal relevance.
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