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1 Publishable summary 
 
1.1 Summary of Project Description and Objectives 
 
In the last two decades, interactive spoken dialogue systems (SDS) have moved from research prototypes to 
real-life commercial applications. SDSs are now pervasive and represent a business with yearly revenue of 
over 1B Euros worldwide. Still, one major roadblock in commercial SDS prototyping is that the demand of 
significant effort and expertise for the development of new services, the enhancement of the performance of 
deployed services and the customization of services to specific user populations. Significant development 
effort is spend on fine-tuning the performance of deployed services, especially the call-flow, prompts and 
speech understanding grammars to reach their target key performance indicators (KPIs). This iterative 
enhancement and service adaptation process is often performed with little automation by inspecting data log 
and partially transcribed calls. Thus a clear business opportunity exists for providing tools and professional 
services for the enhancement and customization of deployed speech services both for service providers and 
end-users alike. Henceforth we use the term service doctoring to refer to the enhancement and 
customization cycle of speech services. 

Recently, a wide-array of technologies have emerged under the umbrella term speech analytics that facilitate 
the automatic or semi-automatic extraction of relevant information from large amount of speech data, e.g., 
audio mining for key-words and topics, affective analysis, analysis of speaker population characteristics, 
attitudes and behaviors. The underlying technologies that make up a speech analytics solution include: 
speech/speaker recognition, emotion recognition, keyword spotting, topic spotting, gender/age identification, 
call-flow analysis. Speech analytics products for call-centers provide business intelligence related to 
products, processes and, most importantly, agent performance, e.g., the gopher-it speech analytics platform 
by Aurix. The system automatically “analyses and evaluates conversations between contact centers and their 
customers” and provides recommendations for “optimizing business processes and overall customer service 
quality”. For example, the system can identify problematic areas (hot-spots) in the call flow or agents that 
need additional training. Taking the analogy to the interactive voice response (IVR) arena, one can apply 
speech analytic technologies in order to better train the mechanical agent (spoken dialogue system) by 
enhancing and personalizing the speech interface to better meet user requirements and expectations. The 
end goal here (just as is the case for call-centers) is to extract business intelligence and take the appropriate 
action for boosting the performance of the agent in order to meet the end-user KPIs. By automating the 
service-doctoring process one can achieve faster service deployment, significant cost savings and improved 
user satisfaction. We refer to the (semi-) automation of the speech doctoring process by analyzing and 
modeling large amounts of human-computer interaction speech data, as spoken dialogue analytics. 

The SpeDial consortium has identified a range of mature technologies as being very relevant for spoken 
dialogue analytics: speech recognition, call-flow analysis, discourse modeling, emotion recognition, 
grammar induction, crowd-sourcing and user modeling. SpeDial brings together SMEs that are developing 
state-of-the-art spoken dialogue systems, tools for tuning speech applications and speech analytics solutions 
with research institutions at the forefront of progress on spoken language and dialogue processing. Our aim 
is to apply these technologies towards the creation of a multilingual service-doctoring platform. The project 
result in a commercial service offering for enhancing and customizing interactive spoken dialogue 
applications that contain two main modules: IVR analytics and speech service enhancement/customization, 
as well as, a multilingual collection of data associated with the enhancement and customization scenarios. 

Jointly with the commercial partners we have identified `low-hanging fruits', i.e., mature technologies that 
can be transferred to the mobile speech service doctoring platform within the two year time-frame of this 
project, as well as having an immediate impact on the development effort and quality of resulting speech 
services. Specifically SpeDial propose to 1) identify hot-spots in the dialogue and propose alternative call-
flow structures, 2) select prompt and update statistical grammars for call center applications using 
transcribed data and 3) identify user population and adapt speech services to their specific needs and 
requirements. This is the main contribution of this project; we expect to save up to 50% of effort/time 
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required to reach target KPIs for deployed services, significantly improve call completion, and lower the 
barrier-to-entry for speech services prototyping by introducing our service-doctoring platform. 

The main concept behind the SpeDial project is shown next: KPIs and IVR Analytics metrics together with 
logs/data from the deployed speech application fed into the SDS enhancement/customization module that 
update/localize the prompts/grammars and dialogue flow of the speech service using machine learning. 

 

 
 

An important aspect of this project is multilinguality. We have carefully selected a set of technologies that 
produce state-of-the-art results and are at the same time language agnostic, i.e., they do not require deep 
linguistic knowledge or large amounts of handcrafted linguistic resources (small sets of labeled data might be 
required for bootstrapping). Using language-agnostic technologies makes it cost-effective to extend the 
platform to new languages. SpeDial, cover some of the major EU languages, namely, English, French, 
Portuguese and Spanish, as well as, Greek. Other relatively under-resourced languages such as Turkish, 
Hebrew and Polish might also be addressed based on SME's business needs. SpeDial focus on call-center 
IVR applications where speech analytics and speech service enhancement using data are most relevant. In 
collaboration with SME Partners have identified a preliminary list of call-center application domains where 
the service-doctoring platform will be tested namely: telecom customer service, health and finance.  

 
SpeDial Objectives 
 
SpeDial is built around the knowledge cascade of technologies, data and services. Automatic or machine-
aided algorithms will be used to analyze the data logs from deployed speech services, and, in turn, these data 
will be used to tune in a cost-effective manner the speech service using the set of algorithms and tools of the 
SpeDial platform. The main S&T goal of SpeDial is to devise machine-aided methods for spoken dialogue 
system enhancement and customization for call-center applications. 

SpeDial adopts a user-centric approach to SDS design. Rather than simply rolling out algorithms from the 
research lab to the real world (being hopeful about their usefulness), we have tried to map the requirements 
of a speech services developer and emulate the logical flow being followed. In this process, we have 
identified two scenarios: service enhancement where the developer starts from an existing application and 
tries to improve KPI performance and user satisfaction, and service customization where the developer 
addresses the special needs of a user population. Thus our second goal is to create a platform that supports 
cost-effective service doctoring for those two scenarios: enhancement and customization. The platform also 
include interfaces for service and user satisfaction monitoring (IVR analytics component). 
Our third goal is to create and support a sustainable pool of developers that will be trained to use the 
platform. Two separate groups of users are targeted: non-commercial users including the research 
community and speech services developers at end-user companies. 
All in all, SpeDial has ambitious but realistic goals both for technological and commercial exploitation of 
project outputs.  
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1.2 Achievements and Main Results 
 

Next we outline the achievement and main results in Y2 of the SpeDial project as it pertains to the two main 
technical goals: speech analytics and service doctoring, as well as the main technological goal, namely the 
creation of a spoken dialogue analytics and speech service doctoring platform that integrates the research 
technologies of the partners (i.e., the SpeDial platform). 
 
The main achievement for WP2 and WP3 were: 

1. Regarding spoken dialogue analytics, in Y1, two modalities were investigated for the affective 
analysis of dialogues, namely, speech and text. We experimented with datasets for three different 
domains in English and German. The achieved classification accuracy was consistent for all domains 
and languages being greater than 80% both for binary and multi-class classification. Regarding text 
analysis, word-level affective scores were estimated for three languages (English, German, Greek) 
achieving high correlation (e.g., 0.85 for English) with human ratings. In Y2, for the speech-based 
affective analysis, a model was proposed that utilizes a minimum classification error criterion in 
order to fuse information over time. For the task of anger detection, 10% relative improvement in 
binary classification accuracy was achieved. Regarding affective text analysis, word-level affective 
scores were estimated with respect to the three basic dimensions of emotion (valence, arousal, and 
dominance). The estimated scores were evaluated with respect to five languages (English, German, 
Greek, Portuguese, Spanish) achieving high correlation with human ratings. Especially for the case 
of valence, the obtained correlation coefficient reaches 0.86 for English, while it ranges between 
0.79 and 0.85 for the other languages. In addition, the compositional aspects of affective text were 
investigated. Last but not least, the speech- and text-based models were combined via late fusion.  

2. A significant part of the work was devoted to the detection of problematic parts (hotspots) of 
dialogues. In Y1, three corpora from different domains were annotated with respect to hotspots, 
while a large number of new features were applied. Very good results were obtained for all domains 
and languages ranging from 83% to 90% classification accuracy. In Y2, a data-driven approach was 
followed with emphasis on the feature selection process in order to overcome the difficulties 
encountered during the first year. We used a uniform set of features across corpora in order to create 
systems that perform robustly across domains and languages (note that using a standard set of 
features across domains and corpora might slightly hinder the performance of the detectors 
comparing those we had developed during the first year of the project). Despite the loss in 
performance, we now have an algorithm that is more transparent and generalizable to new datasets. 
Also, we tried to answer the question of how much data do we need to have a "sufficiently accurate 
model". This is especially important in context of this project since in the future it might beneficial 
to transcribe part of the data to have an initial model. Although the general trend is the more data the 
better, decent performance can be achieved approximately with 300 sample dialogues. Finally, we 
worked on the problem of creating a general model for hotspot detection. The cross-corpora 
experiments showed that the higher the error type coverage of the dataset is (e.g., Let’s Go 2009), 
the better the detector trained on this corpus works in other datasets. We observed that the 
experiments with corpora coming from systems with similar dialogue strategies had better results 
than when we used corpora from systems with different dialogue strategies. In addition, emphasis 
was given to the exploitation of text-based features for the detection of hotspots. Along these lines, a 
rich set of lexico-semantic and affective features were exploited. Lexico-semantic similarity was 
found to be a salient feature for the detection of repetitions revealing the presence of hotspots. In 
addition, the affective content of user utterances was shown to have a positive contribution to the 
detection of hotspots. All the aforementioned text-based feature types were found to be portable 
across different domains, while the majority of them are language-agnostic. All feature types were 
combined (early fusion) yielding very good results for the detection of hotspots (e.g., 0.85 
unweighted average recall for the Let’s Go 2009 dataset). A new technique based on phonetic-
distances was used for the detection of repetitions outperforming the method relying on the 
Levenshtein distances between ASR outputs.  
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3. The work of age and gender detection in Y2 fovused on telephone speech. For the task of gender 
classification excellent performance was achieved (96% classification accuracy), while for age 
classification 67% accuracy was obtained with respect to three classes (child, adult, and senior). The 
computation of degree of nativeness was investigated for first time in Y2 by combining various 
features (e.g., phonotactic models, i-vectors, goodness of pronunciation), while 54% relative 
improvement over the baseline was obtained.  

4. In Y1, a classification model was built for the task of on intent recognition, while it was tested in 
three different domains in English. High classification accuracy was achieved for all three domains 
spanning from 77% to 90%. Also, prosodic features were used for the identification of disfluencies 
yielding 80% (approx.) classification accuracy. In Y2, the models of disfluency detection were re-
trained for telephone speech obtaining 86% accuracy. In addition, detection of repetitions was 
performed based on phonetic distances yielding 86% accuracy (SweCC dataset). Very good 
performance was also achieved for the task of automatic detection of hyper-articulated speech 
exceeding 80% for various datasets and reaching 92% for the Let’s Go 2014 dataset. The automatic 
hyper-articulation detection was tackled for the first time inY2, using various feature sets and 
classification algorithms. Very good performance was achieved, i.e., exceeding 80% for various 
datasets and reaching 92% for the Let’s Go 2014 dataset.  

5. Regarding dialogue flow enhancement, in Y1, we used the Atelier toolkit and demonstrate how it 
can be used to visualize information about dialogue states using two datasets, Cambridge restaurant 
and Let’s Go. The functionality provided by the toolkit can aid a developer in locating problematic 
spots of the dialogue and correlating them with specific states. During Y2 of the project, efforts have 
been made to close the loop of dialogue doctoring, namely mapping the hotspot detection into 
meaningful information to the system developer. A study on how to create rules that could help to 
detect problematic dialogue sequences was made. The rules found fail to cover most part of the 
corpus, despite achieving the requisite of high precision. Further investigation is needed to create a 
feature set appropriate for this task. Three Let’s Go datasets were annotated with respect to root 
cause analysis. A supervised approach to separate errors caused by ASR from errors with a different 
root cause was investigated. Relative success was achieved, but more data would be needed to build 
more robust models. An upgraded version of Atelier was created, providing new tools to better 
visualize the problems in the dialogue flow both using graphs and tables. The best performing 
classifier achieved a 71.1% unweighted average recall.  

6.  Regarding user modeling, during Y1 initial experiments were conducted on the SweCC corpus, 
where age and gender information is available. No correlation was found between age/gender and 
hotspots, while it was found that elder and females tend to use more words per turn compared to 
younger and males, respectively. Further investigation was conducted in Y2 where the service 
customization was analyzed from the user perspective. We analyzed a set of features for identifying 
different behaviors of different possible user types. Then, we used these features to train supervised 
and unsupervised models to automatically identify user types. User expertise was our target 
dimension. Using a supervised learning approach and taking into account features from the whole 
dialogue we were able to predict the degree of expertise with 70% accuracy. 

7. Following the multilingual vision of SpeDial, several experimental datasets were used for the 
aforementioned tasks, covering multiple languages. Many of them were created in the framework of 
the project (e.g., the first Greek affective lexicon), while other existing datasets were annotated 
according to the objectives of SpeDial. Overall, the majority of the features used in the analytics 
modules were found to be language-agnostic and portable across domains.  

Regarding integration (WP4), in Y1 we defined the basic architecture and functionality of the SpeDial 
platform based on the user requirements of the SMEs and their end-customers, the use case analysis, as well 
as the list of speech analytics technologies available by the research partners of the project. Five use cases 
were identified based on both the consortium needs for annotated data and, especially the SME business 
needs. The use-cases have been especially valuable in guiding the platform design. A first version of the 
SpeDial spoken dialogue analytics platform was developed using a hub-and-spoke architecture. The 
communication is performed via a central hub that acts as a broker between the modules. The main research 
modules integrated in the platform in Y1 are the affective analysis and recognition module, the age/gender 
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detection module and the hot-spot detection module. In addition, the core log processing functionality 
provided by the SME partners is included in the spoken dialogue analytics part of the platform. A common 
SPDXml log format was defined by the SpeDial consortium. Each module updates the SPDXml log file with 
the new information. This way information from the log and analytics information computed from the 
modules are seamlessly integrated and passed around.  In Y2 we focused on the implementation of this 
platform and the integration into VoiceWeb’s Analytics Platform and Nu Echo’s Atelier tool. The most 
important achievements in Y2 are: 
 

● The architecture has been refined and is now described more appropriately using Service-Oriented 
Architecture (SOA) terminology. 

● Two new research modules have been added: 1) a nativeness detection module, and  2) a DTMF 
detection module. 

● Nu Echo’s Atelier tool has been enhanced with new features to automatically detect and propose 
tuning opportunities, to address comments issues raised during the Interim report meeting. 	  

 
The objectives of the dissemination/exploitation WP5 are to: 1) achieve widespread awareness about 
SpeDial to all relevant parties (industry, academia, user communities, other EU projects), 2) advertise and 
promote SpeDial scientific and technological achievements at trade-shows, conferences and other events, 3) 
exploit the SpeDial platform via user communities, B2B and B2C business models, and 4) manage the 
SpeDial intellectual property to maximize exploitation opportunities of SpeDial outputs. The main 
achievements of Y1 were: 1) the creation and population of the project website (http://www.spedial.eu), 2) 
the participation of the research and industrial partners in numerous dissemination events advertising the 
SpeDial project and given demos/presentations, 3) the drafting and first execution steps of the exploitation 
strategies especially for the SME partners and 4) the management of the intellectual property (especially 
annotated data and grammars) created by the consortium. The main achievements of Y2 were: 1) the 
continuous update of the web site with new material including video demos of the platform, 2) the 
participation of the research and industrial partners in numerous dissemination events, 3) release of free 
linguistic resources and open source software. Next, we summarize some of the highlights of the SpeDial 
project. 
 
SpeDial Highlights 
 
In SpeDial, industry and academia collaborated seamlessly towards transferring state-of-the-art features and 
algorithms into commercial systems. Working with real data and real services was essential in guiding our 
solution that has been fully integrated in commercial platforms. 
 

• Various features were exploited for the detection of problematic parts (hotspots) of dialogues. High 
classification accuracy (above 80%) was achieved for different domains and languages. Furthermore, 
two approaches were investigated for the analysis of the root causes of hotspots with moderate 
success. 

• A rich set of features were developed for a number of major aspects of call-flow and discourse 
analysis, namely, affective analysis of dialogues, detection of age and gender, intent recognition, 
detection of disfluency and hyper-articulation. High performance was achieved for all those areas. 

• Last but not least, the analytics that were integrated in the platforms of VoiceWeb and NuEcho were 
found to reduce the time spent for the analysis and tuning of SDS. 

Overall, the SpeDial analytics achieved over 80% accuracy in hotspot detection and 70% for the 
classification of the respective root causes. 
 
 


