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(57) ABSTRACT 

This disclosure describes techniques and architectures for 
evaluating conversations. In some instances, conversations 
with users, virtual assistants, and others may be analyzed to 
identify potential risks within a language model that is 
employed by the virtual assistants and other entities. The 
potential risks may be evaluated by administrators, users, 
systems, and others to identify potential issues with the lan 
guage model that need to be addressed. This may allow the 
language model to be improved and enhance user experience 
with the virtual assistants and others that employ the language 
model. 
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EVALUATING CONVERSATION DATA BASED 
ON RISK FACTORS 

RELATED APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 62/048,144, filed Sep. 9, 2014, and 
U.S. Provisional Application No. 62/049,982, filed Sep. 12, 
2014, the contents of each are incorporated herein by refer 
CCC. 

BACKGROUND 

0002. A growing number of people are using Smart 
devices, such as Smartphones, tablet computers, laptop com 
puters, and so on, to perform a variety of functionality. In 
many instances, the users interact with their devices through 
a virtual assistant. The virtual assistant may communicate 
with a user to perform a desired service or task, Such as 
searching for content, checking-in to a flight, setting a calen 
dar appointment, and so on. In order to enhance the user's 
experience with the virtual assistant, there is an increasing 
need to efficiently evaluate conversations had between users 
and the virtual assistant to fix potential problems with the 
virtual assistant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003. The detailed description is set forth with reference 
to the accompanying figures. In the figures, the left-most 
digit(s) of a reference number identifies the figure in which 
the reference number first appears. The use of the same ref 
erence numbers in different figures indicates similar or iden 
tical items or features. 
0004 FIG. 1 illustrates an example architecture in which 
techniques described herein may be implemented. 
0005 FIG. 2 illustrates example details of a virtual assis 
tant service. 
0006 FIG. 3 illustrates example details of a smart device. 
0007 FIG. 4 illustrates an example intent unit selection 
interface that may be presented to facilitate selection of intent 
units to review for health status. 
0008 FIG. 5 illustrates an example chart for displaying 
health status associated with intent units. 
0009 FIG. 6 illustrates an example feedback interface to 
allow a user to review and provide feedback on mapping of 
inputs to intent units. 
0010 FIG. 7 illustrates an example risk factor interface to 
allow a user to configure factors for determining a risk that an 
input is incorrectly mapped to an intent unit. 
0011 FIG. 8 illustrates an example feedback results inter 
face for reviewing feedback on virtual assistant conversa 
tions. 
0012 FIG. 9 illustrates an example process for determin 
ing a measure of confidence that input received from a con 
Versation involving a virtual assistant is mapped to a correct 
intent unit, and receiving feedback from a voter regarding 
accuracy of the mapping. 
0013 FIGS. 10 and 11 illustrate example processes for 
determining and utilizing confidence values of intents asso 
ciated with user inputs. 

DETAILED DESCRIPTION 

0014. This disclosure describes techniques and architec 
tures for evaluating conversations. In some instances, conver 
sations with users, virtual assistants, and others may be ana 
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lyzed to identify potential risks within a language model that 
is employed by the virtual assistants and other entities. The 
potential risks may be evaluated by administrators, users, 
systems, and others to identify potential issues with the lan 
guage model that need to be addressed. This may allow the 
language model to be improved and enhance user experience 
with the virtual assistants and others that employ the language 
model. 

0015. In some implementations, the techniques and archi 
tectures described herein may analyze conversation data for 
one or more conversations. The conversation data may gen 
erally include back-and-forth communications between a 
user and a virtual assistant or other system that employs 
Natural Language Processing (NLP) techniques, such as cus 
tomer service agents. The NLP techniques may map user 
input to one or more intents (e.g., intent units) that are defined 
by a language model. Based on the mapping, a task may be 
performed, such as presenting a response (e.g., textual 
response, audio response, etc.), performing an action (e.g., 
booking a hotel room, Scheduling an appointment, etc.), and 
so on. The conversation data may be analyzed to determine a 
confidence value for an identified intent. The confidence 
value may indicate a level of confidence, or measure of con 
fidence, that the intent is accurately determined for the input 
(e.g., does the intent satisfy the input). To illustrate, if, during 
a conversation with a virtual assistant, a user asks “What is 
my flight status, the NLP techniques may map the user input 
to an intent unit that is associated with “flight status.” Based 
on the identified intent unit of “flight status.” a task to may be 
performed by the virtual assistant, such as providing a 
response of “Your flight is scheduled to leave on-time at 
3:30. Here, the techniques and architectures may analyze the 
conversation to determine a level of confidence that the “flight 
status' intent unit is the correct intent unit that should have 
been identified. 

0016. A confidence value may be determined based on a 
variety of risk factors. The one or more risk factors may 
include various forms of information. For example, a risk 
factor may indicate whether or not an intent is identified for 
user input, whether or not user input proceeded a failure to 
identify an intent for other user input, whether or not user 
input is involved in a conversation that included a failure to 
identify an intent, whether or not a same intent is identified in 
a conversation, a tone of user's voice, a facial expression of a 
user, and so on. Other example risk factors are discussed in 
further detail herein. A “risk factor” may sometimes be 
referred to as a "risk indicator,” while a confidence value may 
Sometimes be referred to as a "risk score. In some instances, 
multiple risk factors may be used and weighted to generate a 
confidence value. 

0017. In some examples, a confidence value may be used 
to evaluate an intent unit. Here, the confidence value may be 
used to determine a health status (e.g., unit risk) that indicates 
a level of risk associated with the intent unit. To illustrate, in 
analyzing a variety of conversation data over time, multiple 
pieces of user input may be mapped to a same intent unit. If 
confidence values for the multiple pieces of user input indi 
cate a relatively low confidence that the multiple pieces of 
user input should have hit the intent unit, then the health status 
of the intent unit may indicate that the intent unit is relatively 
risky. In other words, the health status may indicate that the 
intent unit needs to be updated. In some instances, the health 
status may be used to rank the intent unit relative to other 
intent units. The ranking and/or health status may be pre 
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sented to an administrator of a language model or others, so 
that a language model may be evaluated. In some examples, 
the user may update the intent unit and/or other elements of 
the language model in order to address the risky intent unit. 
Alternatively, or additionally, the user may cause that the 
intent unit and/or corresponding user input be released to 
other users for further evaluation. To illustrate, the intent unit 
may be released to voters to obtain feedback (e.g., votes) from 
users regarding an accuracy of matching user input to the 
intent unit. The voters may view the intent unit and user input 
that hit the intent unit and provide an opinion as to whether or 
not they agree that the intent unit should have been identified 
for the user input. The results of the voting may be provided 
to the administrator so that further action may be taken (e.g., 
update the intent unit if the voters agree that the intent unit is 
risky). 
0018. Further, in some instances a confidence value may 
be used to determine whether or not a task should be per 
formed during a conversation. For example, a confidence 
value may be generated as the conversation is occurring (e.g., 
in real-time). The confidence value may become a form of 
context to conversation that effects how the conversation 
proceeds. For example, if the confidence value is relatively 
high (e.g., more than a threshold), a task associated with the 
intent may be performed (e.g., in response to input of "How 
can I make one more reservation, then add it to the ticket.” 
provide an answer you need to login and click add flight to 
reservation’ if the confidence value is relatively high). If the 
confidence value is relatively low (e.g., below a threshold), 
the user may be prompted for additional information (e.g., in 
response to input of "How can I make one more reservation, 
then add it to the ticket,” provide a follow-up question of 
“what ticket are you referring to’ if the confidence value is 
relatively low). 
0019. As this discussion highlights, the techniques and 
architectures described herein provide valuable resources to 
administrators and others. In some instances, a risky element 
of a language model may be identified. This may provide a 
relatively broad understanding of the language model and/or 
help prioritize what elements to update in the language 
model. Further, by improving the language model, this may 
ultimately enhance user interactions with virtual assistants 
and other entities that employ the language model. In some 
instances, the techniques may evaluate relatively large data 
sets that include thousands or hundreds-of-thousands of 
pieces of user input in an efficient and timely manner. Further, 
the techniques and architectures may evaluate a language 
model that may include thousands or hundreds-of-thousands 
of elements (e.g., intent units, etc.). 
0020. This brief introduction is provided for the reader's 
convenience and is not intended to limit the scope of the 
claims, nor the proceeding sections. Furthermore, the tech 
niques described in detail herein may be implemented in a 
number of ways and in a number of contexts. Some example 
implementations and contexts are provided with reference to 
the following figures, as described below in more detail. It is 
to be appreciated, however, that the following implementa 
tions and contexts are but some of many. 

Example Architecture 
0021 FIG. 1 illustrates an example architecture 100 in 
which the techniques described herein may be implemented. 
The architecture 100 includes one or more smart devices 102 
(hereinafter “the Smart device 102') to present a virtual assis 
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tant to one or more end-users 104 (hereinafter “the user 104) 
to perform tasks for the user 104. The virtual assistant may be 
implemented in cooperation with a service provider 106 that 
generally manages access to and/or functionality associated 
with the virtual assistant. In some instances, the service pro 
vider 106 operates in cooperation with a conversation voting 
community 108 to evaluate conversation data. The conversa 
tion Voting community 108 may include one or more Voters 
110 (hereinafter “the voter 110') to interact with one or more 
computing devices 112 (hereinafter “the computing devices 
112) to provide feedback regarding conversations. The feed 
back may be provided to the service provider 106 for analysis. 
Although many processes are described as being performed 
by the service provider 106, in some instances any of the 
processes may be performed by the computing device 112 
and/or the Smart device 102. Further, while the service pro 
vider 106 is illustrated as a single service, the service provider 
106 may be implemented as a variety of services that are 
implemented separately from each other (e.g., a virtual assis 
tant service that is separate from a conversation analysis 
service). The smart device 102, the service provider 106, 
and/or the computing device 112 may communicate via one 
or more networks 114. The one or more networks 114 may 
include any one or combination of multiple different types of 
networks. Such as cellular networks, wireless networks, Local 
Area Networks (LANs), Wide Area Networks (WANs), the 
Internet, and so on. 
0022. The service provider 106 may include one or more 
computing devices. The one or more computing devices may 
be implemented as one or more desktop computers, laptop 
computers, servers, and so on. The one or more computing 
devices may be configured in a cluster, data center, cloud 
computing environment, or a combination thereof. In one 
example, the service provider 106 provides cloud computing 
resources, including computational resources, storage 
resources, networking resources, and the like, that operate 
remotely to the Smart device 102 and/or the computing device 
112. 

0023. As noted above, the service provider 106 may per 
form a variety of operations. For example, the service pro 
vider 106 may analyze conversation databased on a variety of 
risk factors to generate confidence values for user input. A 
confidence value may then be associated with the correspond 
ing user input and/or an intent unit that was hit for the user 
input. Additionally, or alternatively, the service provider 106 
may determine a health status of an intent unit based on user 
input that is mapped to the intent unit. For example, the health 
status of an intent unit may indicate a number of user inputs 
(that have been mapped to the intent unit and) that have less 
thana threshold confidence value relative to a number of user 
inputs that have been mapped to the intent unit overall. 
0024. Further, the service provider 106 may provide a 
variety of user interfaces to assist in evaluating conversation 
data, such as any of the interfaces of FIGS. 4-8. As one 
example, the service provider 116 may provide an evaluation 
interface 116 to an administrator of the service provider 106. 
The administrator may view potentially risky intent units 
(e.g., in a ranking based on health status) and select an intent 
unit to release to voters. Then, the service provider 106 may 
provide a voting interface 118 via the computing device 112, 
so that the voter 110 may provide feedback regarding an 
accuracy of matching user input to an intent unit. As illus 
trated, the voter 110 may select “Yes” or “No” to indicate 
whether or not the voter agrees that the identified intent unit 
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should map to the user input. The service provider 106 may 
collect feedback from a variety of voters over time. Although 
not illustrated in FIG. 1, the service provider 106 may be 
associated with an output device. Such as a computer monitor, 
speaker, projector, computing device, and so on. The service 
provider 106 may provide user interfaces to, for example, an 
administrator via the output device. 
0025. The smart device 102, the computing device 112, 
and/or an output device associated with the service provider 
106 may comprise any type of computing device that is con 
figured to perform an operation. For example, the Smart 
device 102 and/or the computing device 112 may be imple 
mented as a laptop computer, a desktop computer, a server, a 
Smartphone, an electronic reader device, a mobile handset, a 
personal digital assistant (PDA), a portable navigation 
device, a portable gaming device, a tablet computer, a wear 
able computer (e.g., a watch, optical head-mounted display 
(e.g., a pair of glass(es) with computing capabilities), etc.), a 
portable media player, a television, a set-top box, a computer 
system in a car, an appliance, a camera, a robot, a hologram 
system, a security system, a home-based computer system 
(e.g., intercom system, home media system, etc.), a projector, 
an automated teller machine (ATM), and so on. In some 
instances, a computing device is a mobile device, while in 
other instances the computing device is a stationary device. 
0026. The Smart device 102 may output a virtual assistant 
to the user 104 via a conversation user interface. The virtual 
assistant may interact with the user 104 in a conversational 
manner to perform tasks. For example, in response to a query 
from the user 104 to “find the nearest restaurant, a virtual 
assistant may provide information through the conversation 
user interface that identifies the nearest restaurant. As such, 
the user 104 and/or the virtual assistant may communicate in 
a natural language format. A virtual assistant may be config 
ured for multi-modal input/output (e.g., receive and/or 
respond in audio or speech, text, touch, gesture, etc.), multi 
language communication (e.g., receive and/or respond 
according to any type of human language), multi-channel 
communication (e.g., carry out conversations through a vari 
ety of computing devices, such as continuing a conversation 
as a user transitions from using one computing device to 
another), and other types of input/output or communication. 
0027. In some implementations, a virtual assistant may 
comprise an intelligent personal assistant. A virtual assistant 
may generally perform tasks for users and act as an interface 
to information of a service provider, information of the smart 
device 102, information of the service provider 106, and/or 
any type of information. For example, in response to input 
from the user 104, a virtual assistant may access contentitems 
stored on a service provider and provide a content item to the 
USC. 

0028. Further, in some implementations a virtual assistant 
may embody a human-like persona (e.g., human emulation) 
and/or artificial intelligence (AI). For example, a virtual assis 
tant may be represented by an image or avatar that is dis 
played on the Smart device 102. An avatar may comprise an 
animated character that may take on any number of shapes 
and appearances, and/or resemble a human talking to a user. 
In some instances, the avatar may be arranged as a represen 
tative of a service provider or the service provider 106, while 
in other instances the avatar may be a dedicated personal 
assistant to a user. Example virtual assistants are described in 
U.S. application Ser. No. 14/293,586, filed Jun. 2, 2014, 
which is incorporated herein by reference. 
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0029. The smart device 102 may be equipped with one or 
more processors, memory, and/or one or more network inter 
faces. The Smart device 102 may also include one or more 
cameras, one or more displays, one or more microphones, one 
or more speakers, and/or one or more sensors. These compo 
nents may be communicatively coupled to the one or more 
processors. The one or more processors may include a central 
processing unit (CPU), a graphics processing unit (GPU), a 
microprocessor, a digital signal processor and so on. The one 
or more cameras may include a front facing camera and/or a 
rear facing camera. The one or more displays may include a 
touch screen, a Liquid-crystal Display (LCD), a Light-emit 
ting Diode (LED) display, an organic LED display, a plasma 
display, an electronic paper display or any other type of tech 
nology. The one or more sensors may include an accelerom 
eter, compass, gyroscope, magnetometer, Global Positioning 
System (GPS), olfactory sensor (e.g., for smell), heart rate 
sensor, light sensor, capacitive sensor, inductive sensor, eye 
tracking device, or other sensor. 

Example Devices 
0030 FIG. 2 illustrates details of the example the service 
provider 106 of FIG. 1. In some examples, the service pro 
vider 106 may be implemented as one or more computing 
devices. The one or more computing devices may include one 
or more processors 202, memory 204, and one or more net 
work interfaces 206. The one or more processors 202 may 
include a central processing unit (CPU), a graphics process 
ing unit (GPU), a microprocessor, a digital signal processor, 
and so on. 
0031. The memory 204 may include software functional 
ity configured as one or more “modules.” The term “module' 
is intended to represent example divisions of the software for 
purposes of discussion, and is not intended to represent any 
type ofrequirement or required method, manner or necessary 
organization. Accordingly, while various "modules' are dis 
cussed, their functionality and/or similar functionality could 
be arranged differently (e.g., combined into a fewer number 
of modules, broken into a larger number of modules, etc.). 
Further, while certain functions are described herein as being 
implemented as Software modules configured for execution 
by a processor, in other embodiments, any or all of the func 
tions may be implemented (e.g., performed) in whole or in 
part by hardware logic components. For example, and with 
out limitation, illustrative types of hardware logic compo 
nents that can be used include Field-programmable Gate 
Arrays (FPGAs). Application-specific Integrated Circuits 
(ASICs), Program-specific Standard Products (ASSPs), Sys 
tem-on-a-chip systems (SOCs), Complex Programmable 
Logic Devices (CPLDs), etc. 
0032. The memory 204 (as well as all other memory 
described herein) may include one or a combination of com 
puter-readable media (e.g., computer storage media). Com 
puter-readable media includes volatile and non-volatile, 
removable and non-removable media implemented in any 
method or technology for storage of information, such as 
computer readable instructions, data structures, program 
modules, or other data. Computer-readable media includes, 
but is not limited to, phase change memory (PRAM), static 
random-access memory (SRAM), dynamic random-access 
memory (DRAM), other types of random access memory 
(RAM), read-only memory (ROM), electrically erasable pro 
grammable read-only memory (EEPROM), flash memory or 
other memory technology, compact disk read-only memory 
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(CD-ROM), digital versatile disks (DVD) or other optical 
storage, magnetic cassettes, magnetic tape, magnetic disk 
storage or other magnetic storage devices, or any other non 
transitory medium that can be used to store information for 
access by a computing device. As defined herein, computer 
readable media does not include communication media, Such 
as modulated data signals and carrier waves. As such, com 
puter-readable media is non-transitory media. 
0033. As illustrated in FIG.2, the memory 204 includes an 
input processing module 208, a task and response module 
210, a risk indicator module 212, a voting module 214, and a 
conversation review module 216. 
0034. The input processing module 208 may be config 
ured to perform various techniques to process input received 
from a user. For instance, input that is received from the user 
104 during a conversation with a virtual assistant may be sent 
to the input processing module 208 for processing. If the input 
is speech input, the input processing module 208 may per 
form speech recognition techniques to convert the input into 
a format that is understandable by a computing device. Such 
as text. Additionally, or alternatively, the input processing 
module 208 may utilize Natural Language Processing (NLP) 
to interpret or derive a meaning and/or concept of the input. 
The speech recognition and/or NLP techniques may include 
known or new techniques. 
0035. In many instances, the input processing module 208 
may map user input to an intent unit based on a pattern of 
components for the user input. The pattern may include an 
order and/or proximity of the components to each other. Each 
term in the user input may be mapped to a component that 
represents a variation(s) of a term(s). The pattern of compo 
nents of the user input may then be mapped to a pattern 
defined within an intent unit. The intent unit may be associ 
ated with a task (described below), which may be performed 
to satisfy the user input. The task may include providing a 
response to a user, performing an action (e.g., booking a 
flight), and so on. As an example, a component for the term 
“car may include synonyms and/or spelling variations of the 
term, such as “automobile.” “kar, etc. Example components 
include Vocab Terms (e.g., vocabulary synonyms and/or 
spelling variations), Helper Terms (e.g., words or phrases that 
are commonly used, but have only one meaning, such as 
“and,” “or,” “but,” etc.), WildCards (e.g., placeholders for any 
random word or words), and so on. Example components are 
described in U.S. application Ser. No. 12/014,229, filed on 
Jan. 15, 2008, which is incorporated herein by reference. 
0036. The task and response module 210 may be config 
ured to identify and/or perform tasks and/or formulate a 
response to input and based on an intent unit the input has 
been mapped to. In general, the triggering of an intent unit 
may cause a tasks and/or responses to be provided by the task 
and response module 210. As noted above, users may interact 
with virtual assistants to cause tasks to be performed by the 
virtual assistants. In some instances, a task may be performed 
in response to explicit user input, such as playing music in 
response to "please play music.” In other instances, a task 
may be performed in response to inferred user input request 
ing that that the task be performed. Such as providing weather 
information in response to “the weather looks nice today. In 
yet further instances, a task may be performed when an event 
has occurred (and possibly when no input has been received), 
Such as providing flight information an hour before a flight, 
presenting flight information upon arrival of a user at an 
airport, and so on. 
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0037. A task may include any type of operation that is 
performed at least in part by a computing device. For 
example, a task may include logging a user into a site, setting 
a calendar appointment, resetting a password for a user, pur 
chasing an item, opening an application, sending an instruc 
tion to a device to perform an act, sending an email, navigat 
ing to a web site, upgrading a user's seat assignment, 
outputting content (e.g., outputting audio (an audible 
answer), video, an image, text, a hyperlink, etc.), and so on. 
Further, a task may include performing an operation accord 
ing to one or more criteria (e.g., one or more default settings), 
Such as sending an email through a particular email account, 
providing directions with a particular mobile application, 
searching for content through a particular search engine, and 
SO. O. 

0038 A task may include or be associated with a response 
to a user (e.g., “here is your requested information, output 
ting content, etc.). A response may be provided through a 
conversation user interface associated with a virtual assistant. 
In some instances, a response may be addressed to or other 
wise tailored to a user (e.g., “Yes, John, as a Gold Customer 
you are entitled to a seat upgrade, and I have provided some 
links below that may be of interest to you...'). Input and/or 
output between users and virtual assistants (e.g., conversa 
tions) may be stored in a virtual assistant conversation data 
Store 218. 
0039. The risk indicator module 212 may be configured to 
determine a measure of confidence (e.g., confidence value) 
that input received from the user 104 has been mapped to the 
correct intent unit of a language model (stored in a virtual 
assistant data store 220). The risk indicator module 212 may 
use one or more risk indicators, or risk factors, from a risk 
indicator data store 222 in order to identify the measure of 
confidence that the input was mapped to the correct intent 
unit. The one or more factors may include various forms of 
information. A factor may sometimes be referred to as a "risk 
indicator, while a confidence value may sometimes be 
referred to as a "risk score.” “measure of confidence,” or 
“degree of confidence. In some instances, multiple factors 
may be used and weighted to generate a confidence value. The 
weighted factors may be combined to form the confidence 
value. Example factors that may be used to evaluate conver 
sation data include: 

0040 user feedback from a user regarding an evaluation 
of at least a portion of a conversation (e.g., a rating 
provided by a user during the conversation or after of 
how well the user felt his questions were answered, 
information from a Survey regarding a conversation, 
etc.)—the feedback may cover a single response for a 
single input or may cover multiple responses and/or 
inputs; 

0041 user feedback from an administrator (e.g., a user 
associated with a virtual assistant service) regarding an 
evaluation of at least a portion of a conversation; 

0.042 a user feedback from a business entity (e.g., a 
business who uses the virtual assistant service for their 
business) regarding an evaluation of at least a portion of 
a conversation; 

0.043 a tone of a user's voice during a conversation 
(e.g., the user sounds upset or happy, the user uses a loud 
Voice when communicating (above a threshold Volume), 
etc.); 

0044 a gesture of a user during a conversation (e.g., the 
user shakes his head when a response was provided, the 
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user provides a thumbs-down, the user provides other 
body movement, etc.)—the gesture may be obtained 
from a camera or other sensor; 

0045 a facial expression of a user during a conversation 
(e.g., the user raised an eye brow, frowned, etc.); 

0046 a sensor signal obtained from monitoring user 
response (e.g., a hear rate of the user, eye movement, 
movement of device, placing a phone into a pocket 
(identified from light sensor), closing an application, 
ending a conversation, etc.)—a sensory may include a 
heart rate monitor, eye tracking device, and so on; 

0047 a message from a user about a conversation (e.g., 
the user posts a comment on a blog or social media site 
about a bad experience with a virtual assistant, the user 
sends a text message about a conversation, etc.); 

0048 a confidence value determined by one or more 
Natural Language Processing (NLP) systems including, 
for example, a comparison of natural language under 
standing of user input (e.g., a confidence value from a 
probabilistic model or statistical model (sometimes 
referred to as a “classifier))—an intent unit that is iden 
tified for an input may be analyzed by a model that 
generates its own confidence value of how accurately the 
intent unit satisfies the input; 

0049 whether or not a classifier, trained via machine 
learning using an independent dataset, maps the input to 
an intent unit different than that of an intent unit mapped 
to the input by the natural language processing system; 

0050 whether or not the input triggered a particular 
intent unit (e.g., insult or apology intent unit) indicating 
that a user is frustrated or upset; 

0051 whether or not the input is involved in a conver 
sation that includes an escalation (e.g., a virtual assistant 
was unable to provide a response and the conversation 
transferred to a human assistant to continue the conver 
sation); 

0.052 whether or not the input preceded an escalation; 
0053 whether or not the input is mapped to an intent 
unit associated with answering threats, Swearing, or 
cursing: 

0054 whether or not the input contained a word 
unknown to the natural language processing system; 

0055 whether or not the input is mapped to an intent 
unit (e.g., whether or not an intent unit is found) (a 
failure to identify an intent unit is referred to as an “I 
don't know’ (IDK) response indicating that a response 
in a language model is not identified); 

0056 whether or not the user input directly preceded 
other user input for which a natural language processing 
system failed to identify an intent; 

0057 whether or not the user input is involved in a 
conversation in which the natural language processing 
system failed to identify an intent (e.g., whether or not 
the input is involved in a conversation that included a 
particular response indicating that a response in a lan 
guage model is not identified for the input); 

0.058 whether or not the user input is one of multiple 
user inputs for which the natural language processing 
system identifies a same intent two or more times overall 
and/or in a row (e.g., whether or not the input triggers a 
response that is involved in two or more sequential hits 
to a same intent unit); 
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0059 whether or not the input is involved in a conver 
sation in which a natural language processing system 
identifies a same intent two or more times overall and/or 
in a row: 

0060 whether or not the input is involved in a conver 
sation in which two or more intent units are identified for 
the same input (e.g., a tie): 

0061 whether or not the input is mapped to an intent 
unit that is designated as being associated with person 
ality (e.g., personality intent unit—an intent unit that is 
not directly related to the Subject matter being discussed, 
such as an intent unit related to your favorite color when 
the Subject matter is booking a flight); 

0062 whether or not a threshold number of personality 
intent units are hit (e.g., within a window of time, in a 
row, within a number of input interactions, etc.); 

0.063 a combination of any of the above factors; or 
0.064 any other factor. 

0065. In some examples, a confidence value may be gen p y beg 
erated after a conversation has occurred. For example, a con 
fidence value may be generated for an action that was per 
formed for user input (e.g., evaluate previous conversations 
between users and virtual assistants). While in other 
instances, a confidence value may be generated in real-time as 
a conversation is taking place. 
0066. The confidence value may have various uses. For 
example, the confidence value may be used to determine 
whether or not an input received from a user corresponds to 
the intent unit that the input was mapped to. For instance, if 
the confidence value is below (or above) a predetermined 
threshold, it may be determined that there is a risk the input 
was incorrectly (or alternatively correctly) mapped to the 
corresponding intent unit. In another example, the confidence 
value may be used during a conversation. If, for example, the 
confidence value is less than a predetermined threshold, a 
predetermined response could be provided (e.g., Input: “How 
high is the Eiffel tower?' Answer: “I don't know a lot about 
world attractions, but I can do a Google(R) search for you') 
and/or a follow-up question may be provided to obtain further 
information (e.g., for input of “what’s the status,” a follow-up 
question of “are you referring to the status of a flight” may be 
presented). Alternatively, if the confidence value is greater 
than the predetermined threshold, a task associated with the 
intent unit may be automatically performed. As such, the 
confidence value may provide context to interpret input and/ 
or formulate a response. 
0067. Additionally, the risk indicator module 212 may 
further allow a user of the service provider 106 to configure a 
weight associated with the individual risk indicators, or fac 
tors, stored in the risk indicator data store 222. For example, 
a risk indicator that an administrator determines to be more 
important, or determinative, in determining whether an input 
is mapped to the appropriate intent unit may be weighted 
more heavily than other risk indicators. 
0068. The techniques and architectures of the risk indica 
tor module 212 may be utilized to evaluate conversation data 
in a variety of contexts. In one example, conversation data that 
is obtained from a conversation between a user and a virtual 
assistant may be analyzed. In another example, conversation 
data from a conversation between a user and another user may 
be analyzed. In yet a further example, a conversation between 
a chatbot and a user may be analyzed. 
0069. The voting module 214 may be configured to allow 
voters to vote on whether or not user input was correctly 
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mapped to an intent unit. In some examples, the Voters may 
answer “yes,” “no,” or “unsure' when asked whether the input 
was correctly mapped to the intent unit. In some examples, 
the voters may be selected from a pre-approved voter list. The 
voters may have been determined to have knowledge suffi 
cient to vote on mappings between intent units and inputs. In 
Some examples, a particular voter may only be approved for 
certain intent units. In some instances, a predetermined num 
ber of voters may vote on a same item (e.g., a same intent unit 
mapped to user input). 
0070. In some examples, two or more voters may be 
prompted for their feedback regarding mapping of user input 
to intent units. This may help eliminate bias between indi 
vidual voters. Further details regarding interfaces of the vot 
ing module 214 are described in greater detail below with 
respect to FIG. 6. In some examples, the voting module 214 
may access conversations that are stored in a virtual assistant 
conversation data store 218. In various examples, the virtual 
assistance conversation data store 218 may include conversa 
tions that have inputs mapped to a same intent unit. 
0071. The conversation review module 216 may allow a 
user, voter, or an administrator to review inputs and their 
respective intent units (e.g., tasks and responses), as well as 
votes received via the voting module 214 from voters. In some 
examples, the conversation review module 216 may allow a 
user (e.g., administrator) to review a conversation including 
an input and which intent unit the input was mapped to. 
Additional information may be provided to an administrator, 
such as a type of input (e.g., test question, current input, etc.). 
Further, the conversation review module 216 may present to 
an administrator the Voting results collected from the Voting 
module 214, and Suggest an action to be taken based on the 
Voting results. Various implementations of the conversation 
review module 216 are discussed further with respect to FIG. 
8 

0072. In various embodiments, the risk indicator module 
212, the voting module 214, the conversation review module 
216, or a combination thereof, may be employed to evaluate 
weights associated with the risk indicators. For example, 
based on Votes cast by Voters, and the risk indicators used, a 
determination can be made to weight a risk indicator move 
heavily, or less heavily. For example, after viewing one or 
more conversations, it may be determined that a particular 
risk indicator generally indicates that input is correctly 
mapped to the intent unit and determined that the voters also 
indicate that the input should be mapped to the intent unit. In 
cases such as this, the particular risk indicator may be iden 
tified as being an effective indicator of a measure of risk. 
Thus, the risk indicator may be relied on more heavily, or 
weighted more heavily, in determining risk in a language 
model. 

0073. Although the modules 208-216 are illustrated as 
being included in the service provider 106, in some instances 
one or more of these modules may be included in the com 
puting device 112, the smart device 102, or elsewhere. As 
such, in some examples the service provider 106 may be 
eliminated entirely, Such as in the case when all processing is 
performed locally. In addition, in Some instances any of the 
data stores 218-222 may be included elsewhere. 
0074 FIG. 3 illustrates example details of an example 
computing device 300, such as the computing device 110 
and/or a computing device associated with the service pro 
vider 106 (e.g., an output device). The computing device 300 
may be equipped with one or more processors 302, memory 
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304, one or more cameras 306, one or more displays 308, one 
or more microphones 310, one or more projectors 312, one or 
more speakers 314, and/or one or more sensors 316. The 
components 304-316 may be communicatively coupled to the 
one or more processors 302. The one or more processors 302 
may include a central processing unit (CPU), a graphics pro 
cessing unit (GPU), a microprocessor, a digital signal proces 
Sor, and so on. The one or more cameras 306 may include a 
front facing camera and/or a rear facing camera. The one or 
more displays 308 may include a touch screen, a Liquid 
crystal Display (LCD), a Light-emitting Diode (LED) dis 
play, an organic LED display, a plasma display, an electronic 
paper display, or any other type of technology. The one or 
more sensors 316 may include an accelerometer, compass, 
gyroscope, magnetometer, Global Positioning System 
(GPS), olfactory sensor (e.g., for smell), or other sensor. The 
components 306–316 may be configured to receive user input, 
Such as gesture input (e.g., through the camera), touch input, 
audio or speech input, and so on, and/or may be configured to 
output content. Such as audio, images, video, and so on. In 
some instances, the one or more displays 308, the one or more 
projectors 312, and/or the one or more speakers 314 may 
comprise a content output device configured to output content 
and/or a virtual assistant. Although not illustrated, the com 
puting device 300 may also include one or more network 
interfaces. 
0075. The memory 304 may include a client application 
318. Such as a web browser or application (e.g., mobile appli 
cation, desktop application, etc.). In instances where the com 
puting device 300 is implemented as the computing device 
112 of FIG. 1, the client application 318 may be configured to 
output a voting interface and enable Voters to provide feed 
back. Alternatively, in instances where the computing device 
300 is implemented as an output device for the service pro 
vider 106, the client application 318 may output an interface 
to evaluate risk associated with an intent input and/or votes. In 
Some instances, the client application 318 may be configured 
to facilitate any of the interfaces described below with respect 
to FIGS. 4-8. 

Example Interfaces 
0076 FIGS. 4-8 illustrate example interfaces that may be 
presented to users, Voters, administrators, and others. The 
interfaces may be provided via a web browser, an application 
(e.g., mobile application, desktop application, etc.), and so 
on. Although many of the interfaces are described as being 
presented via particular devices of the architecture 100, the 
interfaces may be presented via any device in the architecture 
100 or other devices. 
0077 FIG. 4 illustrates an example intent unit selection 
interface 400 that may be presented to a user to select one of 
intent units 402 to evaluate, or to be output for evaluation. In 
Some instances, the user may be an administrator of the Ser 
vice provider 106, while in other instances the user may be a 
voter or any other user. The intent units 402 may be included 
in a natural language model, and may comprise logic, rules, or 
algorithms used to map tasks, actions, or responses to input 
received during a conversation between a virtual agent and a 
user. Stated otherwise, the intent units 402 may comprise a 
class, or grouping, of responses that are used to respond to one 
or more user purposes or goals. 
0078. In some examples, the intent units 402 may be used 
to analyze a dataset of information, such as a chat/conversa 
tion history between a human and a virtual assistant. In some 
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examples, a dataset may be created that is composed of con 
Versations involving a virtual assistant where input received 
from a human is mapped to an intent unit to provide a 
response or action. As described above, various factors (e.g., 
risk indicators) may be used to determine a measure of con 
fidence that the input was mapped to was the correct intent 
unit. By combining the measures of confidence for the con 
versations in a dataset, health statuses 404(1), 404(2) . . . 
404(N) may be calculated for individual units. In some 
examples, the health statuses 404 may comprise a ratio of a 
number of user inputs that have a confidence value below a 
threshold relative to a total number of user inputs that have 
been mapped to the intent unit. As illustrated, the health status 
404(1) for the intent unit “Missing flight credit” may have an 
overall health status of 4.49%. In some examples, each of the 
intent units 402 may be sorted (ranked) in a health status 
column 408 based on an associated health status 404 to iden 
tify which intent unit(s) are associated with the highest per 
centage of risk. Intent units that rank towards the top may 
have the highest need to be evaluated and/or modified. Thus, 
by ordering the intent units 402 based on health statuses 404, 
users may quickly identify which intent unit(s) to select for 
review and evaluation. 

0079. In some examples, the intent unit selection interface 
408 may further have an “add to voting option 408 for of the 
intent units 404. Thus, a user may check, or select, the intent 
units 402 that they would like to have analyzed further. Once 
the user has selected an intent unit for Voting, the user may 
selecta submit button 410 to output the selected intent unit for 
Voting. In some examples, after selecting the Submit button 
410, the selected intent units may be output to a group of 
Voters. In some examples, the Voters may be selected from 
approved lists of voters. For examples, the voters may have 
already been determined to be competent or qualified to 
evaluate conversations specific to various intent units. 
0080 FIG. 5 illustrates an example chart 500 for display 
ing health status associated with intent units. In the example 
shown, the chart 500 may comprise a bar graph. However, in 
other examples, other charts may be used such as a pie chart, 
line graph, or any other type of chart for displaying informa 
tion. 

0081. In some examples, the chart 500 may plot informa 
tion, Such as intent unit(s), along an X-axis. In various 
examples, information Such as inputs (e.g., number of user 
inputs) may be plotted on a y-axis of the chart 500. Thus, the 
chart 500 may display intent unit(s) versus inputs contained in 
a dataset of conversations mapped to intent unit(s). In some 
examples, intent unit(s) may each have a bar 502 indicates a 
total number of user inputs that have mapped to that intent 
unit and a bar 504 indicates a number of user inputs that have 
mapped to the intent unit and are associated with less than a 
threshold level of confidence (or higher than a threshold level 
of risk). As such, the bar 504 may indicate a percentage of the 
inputs that are risky. In this way, it may be determined visually 
which intent unit(s) are associated with the largest number of 
inputs, as well as the riskiest user inputs. In some examples, 
the chart 500 may further have one or more tabs 506 that, 
when selected, change the information, or a display of infor 
mation, contained in the chart 500. For example, by selecting 
the tab “voting queue of the one or more tabs 506, the chart 
500 may switch to displaying information in another arrange 
ment, such as the arrangement shown in the intent unit selec 
tion interface 400. 
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I0082 FIG. 6 illustrates an example feedback interface 600 
to allow a user to review and provide feedback on mapping of 
inputs to intent units. In some examples, the feedback inter 
face 600 may allow a user to be prompted as to whether an 
intent unit is correctly mapped to user input 602. For example, 
a virtual agent may have determined that the user input 602 
should be mapped to a response of intent unit. In the example 
shown, the intent unit corresponds to “change a reservation.” 
and the user input 602 may be a question from a user, Such as 
“can we change our flight reservations to leave for home 
sooner from Maui to Portland today? 
I0083. In some examples, additional information relating 
to the intent unit may be presented, such as the intent 604, 
sample questions 606, and related units 608. The intent 604 
may comprise a Summary of the intent deemed to be associ 
ated with the displayed intent unit. Using this displayed intent 
604, a user may more easily be able to determine whether the 
user input 602 was correctly mapped to the intent unit. In 
Some examples, the sample questions 606 may comprise 
inputs that represent the type of language that the intent unit 
is meant to answer. For instance, the intent unit in this 
example (e.g., “change a reservation’’) may be represented by 
inputs such as “I want to change a flight plan, or “can I use 
my ticket on a different date? By presenting these the sample 
questions 606, a user, or Voter may have additional context for 
determining whether the user input 602 is correctly mapped 
to the intent unit. The related units 608 may comprise other 
intent units which are similar to the one the user is viewing. In 
some examples, a user may select a related unit to view its 
associated intent. Thus, the intent 604, the sample questions 
606, and the related units 608 may be displayed to help a user, 
or voter, make an informed decision about whether or not the 
input 602 is correctly mapped to the displayed intent unit. 
I0084. In some examples, the user may determine, based on 
the intent 604, the sample questions 606, and/or the related 
units 608, whether or not the user input 602 was incorrectly 
mapped to intent unit. The user may select one or more vote 
buttons 610 to specify a “yes,” “unsure.” and 'no' answer. 
Further, a user may use navigation buttons 612 to navigate to 
a next, or previous, unit. Thus, using the navigation buttons 
612, a user may navigate to a next item to evaluate. 
I0085. In some instances, the feedback interface 600 may 
be provided to any number of users so that a relatively large 
number of votes may be obtained. This may potentially avoid 
bias across users. Further, by providing an intent unit instead 
of a response that is provided by a virtual assistant, the users 
may better evaluate the interactions with the virtual assistant. 
This may also avoid potential user bias. 
I0086 FIG. 7 illustrates an example risk factor interface 
700 to allow a user to configure risk factors. In some 
examples, the risk factor interface 700 may allow a user, such 
as an administrator of a language processing model, to weight 
risk factors. In some instances, the risk factors may be various 
characteristics associated with a conversation between a 
human and a virtual assistant that indicate a measure of con 
fidence that an input was mapped to a correct intent unit. 
I0087. In some examples, the risk factor interface 700 may 
allow a user to select various weights for factors that may be 
specific to certain datasets. For example, a dataset that con 
tains a relatively small set of conversations, or that is “imma 
ture.” may output more IDK responses as there is less training 
data available to aid in mapping of inputs to intent units. Thus, 
a user may want to weight IDK response with less importance 
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for a particular dataset as it tends to occur often in an imma 
ture dataset that does not have a lot of training data (e.g., test 
questions). 
0088. In some examples, the risk factor interface 700 may 
be used to configure factors for a newly created dataset. In 
other examples, the risk factor interface 700 may be used to 
reconfigure factors for an existing dataset. In some examples, 
a user may select one of “length of refinement' buttons 702 to 
identify a range of time for conversations, test questions, or 
other stored items. For example, a user may select a “0-12 
month' time period, which may indicate that only test ques 
tions and/or conversations that have been obtained in the 
previous 12 months may be considered. 
0089. In various examples, the test questions 704, the 
potential new inputs 706, and the current inputs 708 may have 
slider bars associated with one or more factors, or predictors, 
where the slider bars allow a user to configure an amount of 
importance (e.g., weight) they would like to assign to the 
factors or predictors. The amount of importance may be iden 
tified as “low” “medium, or “high. Alternatively, the 
amount of importance may be on any scale. In some 
examples, the predictors, or panel of predictors, may assign 
risk to an input based on the predictor's confidence that the 
intent unit the input was mapped to is correct, or appropriate. 
0090. As one example, a user may wish to add the test 
questions 704 to a dataset. In one example, the test questions 
704 may have a single indication of risk when evaluating the 
measure of risk. For instance, the test questions 704 may 
assign risk to an input based on the predictor's measure of 
confidence that the intent unit to which an input is mapped. As 
shown, a slider bar may enable a user to select an amount of 
importance assigned to the test questions. In some examples, 
an icon (e.g., an “X” or a “M”) may be next to one or more 
slider bars to allow a user to turn on, or off, the evaluation of 
test questions, or other categories. 
0091. In some examples, the current inputs 708 may have 
a panel of to adjust weighting of risk indicators, such as “IDK 
triggered and “sequential hits.” For example, a slider bar 
associated with "IDK triggered’ may configure a weighting 
applied to input that triggered an IDK response. Similarly, a 
slide bar for “sequential hits may configure a weighting 
applied to input that is associated sequential hits, or sequen 
tial mappings, to an intent unit during the conversation. In 
another example, a slider bar for “ties' may be used to con 
figure a weighting applied to ties of mapping an input in a 
conversation to intent units. 

0092. In various examples, advanced settings may be pre 
sented which allow a user to weight risk indicators in a more 
granular fashion. For example, “IDK triggered may have 
weightings assigned to Sub-items, such as "input triggers 
IDK' and “input preceded IDK. In this way, “IDK triggered 
may be weighted more heavily when an input triggers the 
IDK, or when the input precedes the IDK. 
0093. Once the various risk factors, or predictors, have had 
weights assigned to them, the corresponding dataset may be 
updated based on the weighted factors. While the example 
illustrates manually assigning weights to factors using a 
scroll bar, or slider bar, it is understood that in other examples, 
the weighting may be configured automatically based on 
feedback received from human voters. For example, if human 
Voters consistently determine that an input is correctly 
mapped to an intent unit, and that a particular risk factor has 
consistently determined that the input was mapped to that 
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intent unit, the weight associated with that particular risk 
factor may be increased as it shows accuracy in determining 
risk. 

0094 FIG. 8 illustrates an example feedback results inter 
face 800 for reviewing feedback received from voters regard 
ing conversations. In some examples, the feedback results 
interface 800 may display voting results received from one or 
more voters. The feedback results interface 800 may be 
viewed by a user. Such as an administrator, to allow the 
administrator to view results and take action on mappings 
between inputs and intent units. 
0095. In some examples, one or more columns of infor 
mation may be displayed, such as an input column 802, a unit 
hit column 804 (e.g., for an intent unit), an input type column 
806, a voting results column 808, a voting majority column 
810, and an action column 812. However, in some examples, 
other columns may be added, and/or existing columns may be 
removed to display different information. In some examples, 
the input column 802 may identify the input text. The unit hit 
column 804 may identify the unit hitby (e.g., mapped to) the 
input. The input type column 806 may identify whether the 
input was a test question, current input, or potential new input. 
The voting results column 808 may show the outcome of 
votes for determining whether the input was correctly 
mapped to an intent unit. In some examples, the Voting results 
may be indicated by three boxes indicating the amount of 
voters who said “yes,” “no,” or were “unsure' as to whether 
the input was correctly mapped to the intent unit. The Voting 
majority column 810 may identify whether a majority had 
come to a decision regarding whether the input was correctly 
mapped to the intent unit. The action column 812 may provide 
a recommended action for the user, or administrator to take. 
0096. For example, as shown in row 814, the input type 
806 has been identified as a “potential new input.” Addition 
ally, in the row 814, the voting results indicate that the voters, 
in this case three Voters, all agreed that the potential new input 
was correctly mapped to the intent unit. While the boxes are 
illustrated as being ordered in the Voting results column in 
order of “yes,” “no,” or “unsure' (from left to right), other 
variations may be presented. Additionally, the boxes may be 
color coordinated (e.g., “yes” box is green, “no box is red, 
etc.) to visually illustrate how the voters cast their votes. In the 
row 814, because the voters all agreed that the potential new 
input was mapped to the correct intent unit, the action 812 
Suggested to the administrator is to add the new input and 
adjust the language model. 
0097. In another example, row 816, an input type may 806 
may beatest question, and the Voting results 808 may indicate 
that the three Voters could not come to a majority as to 
whether the test question had correctly mapped to an appro 
priate intent unit. In a case where no human Voters can agree, 
an action 812 may be to remove the test question because it 
may not be an appropriate or helpful question to train a 
dataset. 

0098. In another example, row 818 may have an action 
Such as “adjust model. This may occur in examples where 
the input type 806 is current input and the voting results 808 
indicate that all three Voters agree that the input was incor 
rectly mapped to the corresponding intent unit. In instances 
such as this, because the input type 806 is a current input, 
and/or the Voters unanimously agree that the input was incor 
rectly mapped to an intent unit, the language model may 
require updates. In instances Such as these, an administrator 



US 2016/007 1517 A1 

may need to perform further analysis of the language model to 
determine what errors caused the mistake in mapping. 
0099. In yet a further example, row 820 may have an action 
812 such as “no action needed. This may occur in examples 
where the input type 806 is a current input, and the voting 
results indicate that all three voters agree that the input was 
correctly mapped to the corresponding intent unit. In 
instances such as this, because the input type 806 is a current 
input, and/or the Voters unanimously agree that the input was 
correctly mapped to an intent unit, no action needs to be 
taken. 

Example Processes 
0100 FIGS. 9-11 illustrate example processes 900, 1000, 
and 1100 for employing the techniques described herein. For 
ease of illustration the processes 900, 1000, and 1100 are 
described as being performed in the architecture 100 of FIG. 
1. For example, one or more of the individual operations of 
the processes 900, 1000, and 1100 may be performed by the 
service provider 106, the computing device 112, and/or the 
smart device 102. However, the processes 900, 1000, and 
1100 may be performed in other architectures. Moreover, the 
architecture 100 may be used to perform other processes. 
0101. The processes 900, 1000, and 1100 (as well as each 
process described herein) are illustrated as a logical flow 
graph, each operation of which represents a sequence of 
operations that can be implemented in hardware, software, or 
a combination thereof. In the context of software, the opera 
tions represent computer-readable instructions stored on one 
or more computer-readable storage media that, when 
executed by one or more processors, perform the recited 
operations. Generally, computer-readable instructions 
include routines, programs, objects, components, data struc 
tures, and the like that perform particular functions or imple 
ment particular abstract data types. The order in which the 
operations are described is not intended to be construed as a 
limitation, and any number of the described operations can be 
combined in any order and/or in parallel to implement the 
process. Further, any number of the described operations may 
be modified or omitted. 
0102 FIG.9 is a flowchart of an illustrative process 900 of 
for determining a measure of confidence that input received 
from a conversation involving a virtual assistant is mapped to 
a correct intent unit, and receiving feedback from a voter 
regarding accuracy of the mapping. For example, at 902, a 
conversation user interface may be output to a device to 
enable a conversation. For example, the user interface may be 
displayed on a display device. The conversation may take 
place between a user and a virtual assistant, two or more 
users, two or more virtual assistants, or combinations thereof. 
0103) At 904, user input may be received, for example, 
through the conversation user interface. 
0104. At 906, the user input may be processed to identify 
an intent of the user input. For example, an intent may be 
characterized as an intent unit. Additionally or alternatively, 
the processing may comprise processing the user input with 
one or more natural language processing techniques. Various 
embodiments contemplate that an intent unit may be associ 
ated with a language model for one or more of the natural 
language processing techniques. Additionally or alterna 
tively, an intent unit may be associated with (i) an action to be 
performed at least partly by a virtual assistant, (ii) a pattern of 
components for triggering the intent unit, or (iii) combina 
tions thereof. 
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0105. At 908, a weighting may be applied to one or more 
risk factors. For example, a plurality of risk indicators may be 
identified and a weighting may be applied to each risk indi 
cator generating a weighted risk indicators. 
0106. At 910, a measure of confidence that the intent unit 
is correctly identified for the user input may be determined. 
For example, the determining may be based at least in part on 
the presence of one or more risk indicators for the user input. 
Additionally or alternatively, the determining may be based at 
least in part on the weighted risk indicators. 
0107 At 912, a measure of confidence may be associated 
with the user input. 
0108. At 914, a health status of the intent unit may be 
determined where the health status may indicate a level of risk 
associated with the intent unit. For example, a health status of 
the intent unit may be determined based at least in part on one 
or more measures of confidence. 

0109 At 916, one or more intent units may be ranked with 
respect to each other. For example, an intent unit and another 
intent unit may be ranked based at least in part on the health 
status of the intent unit and a health status of the other intent 
unit. For example, a first intent unit may have a health status 
that indicates a relatively lower risk when compared to a 
second intent unit with a health status that indicates a rela 
tively higher risk. 
0110. At 918, the health statuses may be presented. For 
example, the health statuses may be displayed to a user. One 
or more health statuses may be presented. All of the health 
statuses may be presented, for example, in ranked order. 
Various embodiments contemplate that only health statuses 
above or below a threshold will be presented. Various 
embodiments contemplate that only a set number of highest 
or lowest health statuses will be presented. Various embodi 
ments contemplate that a user may use the rankings to select 
which health status and associated intent units and inputs to 
focus on. For example, a health status that indicates a rela 
tively large number of hits and relatively large amount of risk 
may be selected to work on over a health status that indicates 
a lower number of hits and or a lower amount of risk. 

0111. At 920, the health status of the intent unit may be 
presented, for example, via an output device associated with 
an administrator. 

0112 At 922, a selection of the intent unit may be received 
to obtain feedback regarding the intent unit. 
0113. At 924, a feedback interface may be presented that 
enables a voter to provide feedback regarding matching of the 
user input to the intent unit. 
0114. At 926, feedback may be received for the voter 
regarding an accuracy of matching the user input to the intent 
unit. For example, the feedback may comprise a vote indicat 
ing whether or not the user input matches the intent unit. 
(0.115. At 928, the feedback may be evaluated to determine 
whether the feedback indicates that the matching of the user 
input to the intent unit is accurate. For example, if yes, at 930, 
a weight of a risk indicator may be reduced, for example, 
based at least in part on the determining that the feedback 
indicates that the matching of the user input to the intent unit 
is accurate. However, if no, then at 932, a weight of a risk 
indicator may be increased, for example, based at least in part 
on the determining that the feedback indicates that the match 
ing of the user input to the intent unit is not accurate. How 
ever, various embodiments contemplate that based on how the 
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implemented system is configured, at 930, the weight may be 
held steady or increased. Similarly, at 932, the weight may be 
held steady or decreased. 
0116. At 934, the weighting may be applied to the risk 
indicator. 

0117. At 936, the intent unit may be evaluated based at 
least in part on the feedback. For example, the evaluation my 
comprise presenting a feedback results interface that indi 
cates at least one of a number of votes that are associated with 
an accurate matching of the user input to the intent unit or a 
number of votes that are associated with an inaccurate match 
ing of the user input to the intent unit. Additionally or alter 
natively, a measure of confidence may be determined based at 
least in part on the presence and/or measure of the one or more 
weighted risk indicators. 
0118 FIG. 10 illustrates an example process 1000 for 
determining and utilizing confidence values of intents asso 
ciated with user inputs. For example, at 1002, conversation 
data may be received. For example, the conversation data may 
be received as part of a conversation. 
0119. At 1004, one or more risk factors may be identified 
to evaluate conversation data associated with one or more 
users. Various embodiments contemplate that the conversa 
tion data may represent at least one conversation. Various 
embodiments contemplate that the conversation is between a 
user and a virtual assistant, one or more users and one or more 
virtual assistants, two or more users, two or more virtual 
assistants, or combinations thereof. Various embodiments 
contemplate that the risk factors may include any and all risk 
indicators including, but not limited to, the following: user 
feedback from a user regarding an evaluation of at least a 
portion of the least one conversation; user feedback from an 
administrator regarding an evaluation of at least a portion of 
the at least one conversation; a tone of a user's Voice during 
the at least one conversation; a gesture of a user during the at 
least one conversation; a facial expression of a user during the 
at least one conversation; a sensor signal obtained from moni 
toring user response; a message from a user about the at least 
one conversation; a confidence value determined for the at 
least one conversation from at least one of a probabilistic 
model or statistical model, or combinations thereof. Addi 
tionally or alternatively, various embodiments contemplate 
that the risk factors may indicate, but is not limited to, any of 
the following: whether or not the processing identifies an 
intent for the user input; whether or not the user input directly 
preceded other user input for which the natural language 
processing system failed to identify an intent; whether or not 
the user input is involved in a conversation in which the 
natural language processing system failed to identify an 
intent; whether or not the user input is one of multiple user 
inputs for which the natural language processing system iden 
tifies a same intent two or more times in a row; whether or not 
the user input is involved in a conversation in which the 
natural language processing system identifies a same intent 
two or more times in a row; whether or not the user input is 
involved in a conversation in which the natural language 
processing system identifies a same intent two or more times, 
or combinations thereof. 

0120 At 1006, the conversation data may be processed 
with a natural language processing system to identify an 
intent for the conversation data. 

0121 
factor. 

At 1008, a weighting may be applied to each risk 
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I0122. At 1010, a confidence value may be determined for 
the conversation databased at least in part on the one or more 
risk factors. Various embodiments contemplate that the con 
fidence value indicates a level of confidence that the intent is 
accurately identified for the conversation data. Additionally 
or alternatively, determining the confidence value may be 
based at least in part on one or more of the plurality of 
weighted risk factors. 
I0123. At 1012, the confidence value may be utilized. For 
example, at 1014, it may be determined that multiple pieces of 
user input are each associated with a confidence value that is 
below a threshold amount. Various embodiments contem 
plate that the conversation data includes the multiple pieces of 
user input. Various embodiments contemplate that user char 
acteristic includes a demographic characteristic of a user. 
Various embodiments contemplate that a user characteristic 
includes context that is used to interpret user input of the 
conversation data. Various embodiments contemplate that 
context includes at least one of a type of device that is used by 
a user to provide the user input, purchase history, content that 
has been viewed by the user, or combinations thereof. 
0.124. At 1016, a correlation between a user characteristic 
and the multiple pieces of user input may be determined. 
0.125. At 1018, the correlation may be presented, for 
example, via an output device. 
I0126. At 1020, the confidence value may be utilized to, for 
example, determine whether an action associated with the 
intent should be performed. 
I0127. At 1022, the confidence value may be utilized to, for 
example, determine a health status that indicates a level of 
risk associated with the intent. 
I0128. At 1024, the intent may be ranked with other intents. 
For example, the ranking may be based at least in part on a 
respective health status of each of the intents. 
I0129. At 1026, the ranks may be presented. 
I0130. At 1028, the confidence value may be utilized to 
update a language model associated with the natural language 
processing System. 
I0131 FIG. 11 shows an illustrative process 1100 to utilize 
confidence values. For example, at 1102, a confidence value 
may be compared to a threshold value. If the confidence value 
is below the threshold, various actions may be taken. 
0.132. At 1104, for example, a feedback interface may be 
presented. Various embodiments contemplate that that the 
feedback interface may enable a Voter to vote regarding 
matching a user input, for example, from conversation data, to 
an intent. 
I0133. At 1106, feedback from the voter may be received. 
For example, the feedback may comprise a vote regarding the 
accuracy of matching the user input with the intent unit. 
I0134. At 1108, a profile factor may be determined for the 
voter. For example, the profile factor may be based at least in 
part on a comparison of a previous number of votes from the 
voter to votes from a majority of other voters. For example, a 
first voter may have a history of providing votes that are 
consistent with a majority of Votes for each voting opportu 
nity. Here, the voter profile factor may be relatively high (or 
increased to be higher than a threshold). Additionally, or 
alternatively, the first voter may have a history of providing 
votes that are consistent with a minority. Here, the voter 
profile factor may be relatively low (or decreased to be lower 
than a threshold). Additionally or alternatively, the first voter 
may have a relatively recent history of voting with the major 
ity or minority. For example, a predetermined number of 
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historical votes, a predetermined time period of historical 
Votes, a recent streak of votes consistent with the majority or 
minority, or combinations thereof may be used in the com 
parison. Various embodiments contemplate that a majority of 
Voter may comprise a predetermined number of Voters. 
0135. At 1110, a weight may be applied to the vote of the 
Voter. For example, the weight may be based at least in part on 
the profile factor of the voter. Various embodiments contem 
plate that the weight applied to the Vote may create a weighted 
VOte. 

0136. At 1112, whether the feedback indicates that the 
matching is accurate may be determined. 
0.137. At 1114, a weight may be adjusted and/or applied to 
a risk factor. For example, the weight may be adjusted or 
modified based at least in part on the determining whether the 
feedback indicates that that matching of the user input to the 
intent is accurate. Additionally or alternatively, the weight 
may be adjusted based at least in part on one or more weighted 
votes. Additionally or alternatively, the weight may be 
adjusted or applied to the risk factors based at least in part on 
a maturity of intent units associated with the natural language 
processing system, or an amount of user inputs for the con 
versation data, or a combination thereof. Additionally or 
alternatively, the weight may be adjusted or applied based at 
least in part on recent changes to the language model, under 
lying knowledge base, services of the system, among others, 
or combinations thereof. For example, a relatively mature 
intent unit may act relatively immature if the application of 
the language model or knowledge base (among others) 
changes. 
0138 Although embodiments have been described in lan 
guage specific to structural features and/or methodological 
acts, it is to be understood that the disclosure is not necessar 
ily limited to the specific features or acts described. Rather, 
the specific features and acts are disclosed herein as illustra 
tive forms of implementing the embodiments. 
What is claimed is: 
1. One or more non-transitory computer-readable media 

storing computer-readable instructions that, when executed, 
instruct one or more processors to perform acts comprising: 

causing a conversation user interface to be displayed on a 
display device to enable a conversation between a user 
and a virtual assistant; 

receiving, via the conversation user interface, user input; 
processing the user input with one or more natural lan 

guage processing techniques to identify an intent unit for 
the user input, the intent unit being associated with a 
language model for the natural language processing 
techniques; 

determining, based at least in part on a presence of one or 
more risk indicators for the user input, a measure of 
confidence that the intent unit is correctly identified for 
the user input; 

associating the measure of confidence with the user input; 
determining a health status of the intent unit based at least 

in part on the measure of confidence, the health status 
indicating a level of risk associated with the intent unit; 

presenting the health status of the intent unit via an output 
device associated with an administrator, 

receiving a selection of the intent unit to obtain feedback 
regarding the intent unit; 

presenting a feedback interface that enables a Voter to 
provide feedback regarding matching of the user input to 
the intent unit; 
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receiving feedback for the Voter regarding an accuracy of 
matching the user input to the intent unit; and 

evaluating the intent unit based at least in part on the 
feedback. 

2. The one or more non-transitory computer-readable 
media of claim 1, wherein the intent unit is associated with (i) 
an action to be performed at least partly by the virtual assis 
tant and (ii) a pattern of components for triggering the intent 
unit. 

3. The one or more non-transitory computer-readable 
media of claim 1, wherein the acts further comprise: 

ranking the intent unit and another intent unit based at least 
in part on the health status of the intent unit and a health 
status of the other intent unit; and 

presenting the ranking via the output device. 
4. The one or more non-transitory computer-readable 

media of claim 1, wherein the one or more risk indicators 
include a plurality of risk indicators; and the acts further 
comprise: 

applying a weighting to each of the plurality of risk indi 
cators to generate weighted risk indicators; 

wherein the determining the measure of confidence 
includes determining the measure of confidence based at 
least in part on the weighted risk indicators. 

5. The one or more non-transitory computer-readable 
media of claim 1, wherein the acts further comprise: 

determining that the feedback indicates that the matching 
of the user input to the intent unit is accurate; 

decreasing a weighting to be applied to the one or more risk 
indicators based at least in part the on determining that 
the feedback indicates that the matching of the user input 
to the intent unit is accurate; and 

applying the weighting to the one or more risk indicators; 
wherein the determining the measure of confidence 

includes determining the measure of confidence based at 
least in part on the presence of the one or more weighted 
risk indicators. 

6. The one or more non-transitory computer-readable 
media of claim 1, wherein the acts further comprises: 

determining that the feedback indicates that the matching 
of the user input to the intent unit is not accurate; 

increasing a weighting to be applied to the one or more risk 
indicators based at least in part on the determining that 
the feedback indicates that the matching of the user input 
to the intent unit is not accurate; and 

applying the weighting to the one or more risk indicators; 
wherein the determining the measure of confidence 

includes determining the measure of confidence based at 
least in part on the presence of the one or more weighted 
risk indicators. 

7. The one or more computer-readable media of claim 1, 
wherein the feedback includes a vote indicating whether or 
not the user input matches the intent unit. 

8. The one or more computer-readable media of claim 1, 
wherein the evaluating the intent unit includes presenting a 
feedback results interface indicates at least one of a number of 
Votes that are associated with an accurate matching of the user 
input to the intent unit or a number of votes that are associated 
with an inaccurate matching of the user input to the intent 
unit. 

9. A method comprising: 
under control of a computing device configured with 

executable instructions, 



US 2016/007 1517 A1 

identifying one or more risk factors to evaluate conversa 
tion data associated with one or more users, the conver 
sation data representing at least one conversation; 

processing the conversation data with a natural language 
processing system to identify an intent for the conversa 
tion data; 

determining a confidence value for the conversation data 
based at least in part on the one or more risk factors, the 
confidence value indicating a level of confidence that the 
intent is accurately identified for the conversation data; 
and 

utilizing the confidence value. 
10. The method of claim 9, wherein the utilizing the con 

fidence value includes: 
determining that multiple pieces of user input are each 

associated with a confidence value that is below a thresh 
old amount, the conversation data including the multiple 
pieces of user input; 

determining a correlation between a user characteristic and 
the multiple pieces of user input; and 

presenting the correlation via an output device. 
11. The method of claim 10, whereintheuser characteristic 

includes a demographic characteristic of a user. 
12. The method of claim 10, whereintheuser characteristic 

includes context that is used to interpret user input of the 
conversation data. 

13. The method of claim 12, wherein the context includes 
at least one of a type of device that is used by a user to provide 
the user input, purchase history, or content that has been 
viewed by the user. 

14. The method of claim 9, wherein the at least one con 
Versation is between a user and a virtual assistant. 

15. The method of claim 9, wherein the at least one con 
Versation is between two or more users. 

16. The method of claim 9, wherein the one or more risk 
factors include: 

user feedback from a user regarding an evaluation of at 
least a portion of the least one conversation; 

user feedback from an administrator regarding an evalua 
tion of at least a portion of the at least one conversation; 

atone of a user's voice during the at least one conversation; 
a gesture of a user during the at least one conversation; 
a facial expression of a user during the at least one conver 

sation; 
a sensor signal obtained from monitoring user response; 
a message from a user about the at least one conversation; 
O 

a confidence value determined for the at least one conver 
sation from at least one of a probabilistic model or sta 
tistical model. 

17. The method of claim 9, wherein the at least one con 
Versation includes user input; and the one or more risk factors 
indicate: 

whether or not the processing identifies an intent for the 
user input; 

whether or not the user input directly preceded other user 
input for which the natural language processing system 
failed to identify an intent; 

whether or not the user input is involved in a conversation 
in which the natural language processing system failed 
to identify an intent; 

whether or not the user input is one of multiple user inputs 
for which the natural language processing system iden 
tifies a same intent two or more times in a row; 
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whether or not the user input is involved in a conversation 
in which the natural language processing system identi 
fies a same intent two or more times in a row; or 

whether or not the user input is involved in a conversation 
in which the natural language processing system identi 
fies a same intent two or more times. 

18. The method of claim 9, wherein the one or more risk 
factors include a plurality of risk factors; and the determining 
includes: 

applying a weighting each of the plurality of risk factors; 
and 

determining the confidence value based at least in part on 
the plurality of weighted risk factors. 

19. The method of claim 9, further comprising: 
receiving the conversation data during a conversation with 

a user, 
wherein utilizing the confidence value includes utilizing 

the confidence value during the at least one conversation 
to determine whether or not an action that is associated 
with the intent should be performed. 

20. The method of claim 9, wherein the utilizing the con 
fidence value includes utilizing the confidence value to 
update a language model that is associated with the natural 
language processing System. 

21. The method of claim 9, further comprising: 
determining a health status based at least in part on the 

measure of confidence, the health status indicating a 
level of risk associated with the intent; 

ranking the intent and another intent based at least in part 
on the health status of the intent and the health status of 
the other intent; and 

presenting the ranking. 
22. A system comprising: 
one or more processors; 
a database storing (i) conversation data representing at 

least one conversation and (ii) one or more risk factors; 
memory communicatively coupled to the one or more pro 

cessors and storing executable instructions that, when 
executed by the one or more processors, cause the one or 
more processors to perform acts comprising: 
processing the conversation data with a natural language 

processing system to identify an intent for the conver 
sation data; 

determining a confidence value for the conversation data 
based at least in part on the one or more risk factors, 
the confidence value indicating a level of confidence 
that the intent is accurately identified for the conver 
sation data; and 

utilizing the confidence value. 
23. The system of claim 22, wherein the acts further com 

prise: 
presenting a feedback interface that enables a voter to vote 

regarding matching of the user input to the intent; 
determining a profile factor for the voter based at least in 

part on a comparison of a previous number of votes from 
the voter to votes from a majority of voters, the majority 
of Voters including more than a predetermined number 
of voters; and 

applying a weighting to the Vote based at least in part on the 
profile factor of the voter. 

24. The system of claim 22, wherein the acts further com 
prise: 

applying a weighting to at least one of the one or more risk 
factors based at least in part on a maturity of intent units 
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associated with the natural language processing system, 
or an amount of user inputs for the conversation data, or 
a combination thereof. 

25. The system of claim 22, wherein the utilizing the con 
fidence value includes: 

determining that the confidence value is below a threshold; 
presenting a feedback interface that enables a Voter to 

provide feedback regarding matching of user input of the 
conversation data to the intent; and 

receiving feedback for the Voter regarding an accuracy of 
matching the user input to the intent; 

wherein the acts further comprise: 
determining whether or not the feedback indicates that 

the matching of the user input to the intent is accurate; 
and 

adjusting a weighting applied to the one or more risk 
factors based at least in part on determining whether 
or not the feedback indicates that the matching of the 
user input to the intent is accurate. 

k k k k k 


