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GENERATING AND PROVIDING INCLUSIVITY DATA INSIGHTS FOR
EVALUATING PARTICIPANTS IN A COMMUNICATION

BACKGROUND

[0001]  Virtual meetings are becoming a large part of our daily lives including how we
conduct business. With participants likely being in different locations and often not
having their video turned on, it is difficult for users to pick up on visual communication
cues. As such, users may miss visual communication cues that may indicate to other users
when they intend to speak, stop speaking, interrupt a user, ask a question, etc.

[0002] Traditional signal processing services may analyze user speech to assist with
application processing including the provision of virtual meetings. For instance, user
speech signals may be transcribed and analyzed. However, traditional speech analysis
methods that are currently used are naive and may only quantify metrics such as the
percentage of time that each person spoke in a meeting. Those traditional analysis
methods do not account for whether participants got enough opportunities to pitch in and
complete their thoughts. This may often lead to less inclusive meetings, where one user
may dominate the meeting leaving other participants with less of a chance to speak
because information about inclusiveness is not presented to a user to help them understand
their communication style and how they come across to other users.

[0003] Furthermore, another technical challenge arises in the provision of data insights
to users. Insights to help users understand how they came across during a conversation as
well as improve their future communication would be extremely beneficial but are
typically not provided. As indicated above, traditional speech analysis methods do not
analyze speech at a deeper level with an intent to determine speaking opportunities or
thought completion during occurrence of a virtual meeting. This makes it difficult to
ascertain how traditional computing systems would not only quantify these deeper
analytical aspects to users but also generate data insights that are useful to help users better
understand them.

[0004] Additional issues arise in that traditional system configurations do not typically
execute a contextual analysis of user speech by considering past user communications and
patterns of user speech. If you think about your next recurring meeting, your past
experiences can help you imagine who would be spearheading or dominating the
conversation and who would more passively listening during a call. You can imagine who

is more likely to ask follow-up questions, ignore your hand raises, interrupt you, etc.
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However, other users may not be aware of how they come across while speaking as these
types of contextual knowledge are not traditionally included in an analysis of user speech
nor are any data insights automatically surfaced in real-time to help users adjust on the fly.
SUMMARY
[0005]  For resolution of the above technical problems and other reasons, there is a
technical need to provide solutions that generate and provide communication inclusivity
data insights configured to evaluate speaking opportunities and thought completion during
speech associated with a user communication.
[0006] The present disclosure relates to systems and methods for determining
communication inclusivity amongst speakers during a user communication.
Communication inclusivity is a targeted analysis that collectively evaluates speaking
opportunities (provided and taken by users) during a user communication and thought
completion during speech associated with the user communication. To derive
communication inclusivity, a user communication is modeled as a probabilistic interaction
between speakers, where a sequence of speaking states of the user communication is
identified and analyzed. Considering each active speaker as a speaking state, a user
communication may be modeled as a sequence of speaking states. Importantly, exemplary
speaking states are not limited to those instances where users are actively speaking.
Trained modeling may also set additional speaking for: periods of silence; overlapping
speakers; icon indication (e.g., hand raises, emojis); questions in corresponding chat
windows; combination states (e.g., requests/responses, interruptions, monologues); other
contextual signals (e.g., past and/or present signal data including user-specific signal data,
device-specific signal data, and/or application-specific signal data); and any combination
thereof. This helps provide a better understanding of whether users are providing other
participants with speaking opportunities, how often users are taking advantage of those
speaking opportunities as well as whether users are providing complete thoughts. With
these observed sequences of speaking states, a probability distribution is modeled over
transitions between states to predict inclusivity of a user communication. Communication
inclusivity data insights may be generated (and provided through a graphical user
interface), thereby providing analytics that help users understand the concept of
communication inclusivity.
[0007]  This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not

intended to identify key features or essential features of the claimed subject matter, nor is
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it intended to be used to limit the scope of the claimed subject matter. Additional aspects,
features, and/or advantages of examples will be set forth in part in the description which
follows and, in part, will be apparent from the description, or may be learned by practice
of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Non-limiting and non-exhaustive examples are described with reference to the
following figures.

[0009] Figure 1 illustrates an exemplary system diagram of components interfacing to
enable generation and provision of communication inclusivity data insights for
participants of a user communication, with which aspects of the present disclosure may be
practiced.

[0010] Figure 2 illustrates an exemplary method related to generation and provision of
communication inclusivity data insights for participants of a user communication, with
which aspects of the present disclosure may be practiced.

[0011] Figures 3A-3B illustrate exemplary processing device views associated with
user interface examples for an improved user interface that is configured to enable
provision of representations of communication inclusivity data insights, with which
aspects of the present disclosure may be practiced.

[0012] Figure 4 illustrates a computing system suitable for implementing processing
operations described herein related to automatic generation and provision of
communication inclusivity data insights, with which aspects of the present disclosure may
be practiced.

DETAILED DESCRIPTION

[0013]  As identified in the foregoing, the present disclosure relates to systems and
methods for determining communication inclusivity amongst speakers during a user
communication. Communication inclusivity is a targeted analysis that collectively
evaluates speaking opportunities (provided and taken by users) during a user
communication and thought completion during speech associated with the user
communication. To derive communication inclusivity, a user communication is modeled as
a probabilistic interaction between speakers, where a sequence of speaking states of the
user communication is identified and analyzed. While the term speaking states may appear
to imply that a user/participant is actively speaking, the term speaking states is intended to
cover any state relative to a user including states where users take action (e.g., actively

speaking or providing an indication) as well as states where no action is taken (e.g., state
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of silence). The term speaking states is fitting because a user is making a conscious choice
as to whether to provide an action or refrain from the same and thus is speaking to its state
of mind with each choice that is made.

[0014] Considering each active speaker as a speaking state, a user communication may
be modeled as a sequence of speaking states. Importantly, exemplary speaking states are
not limited to those instances where users are actively speaking. In addition to active
speaking states, trained modeling may also set additional speaking for: periods of silence;
overlapping speakers; icon indication (e.g., hand raises, emojis); questions in
corresponding chat windows; combination states (e.g., requests/responses, interruptions,
monologues); other contextual signals (e.g., past and/or present signal data including user-
specific signal data, device-specific signal data, and/or application-specific signal data);
and any combination thereof. This helps provide a better understanding of whether users
are providing other participants with speaking opportunities, how often users are taking
advantage of those speaking opportunities as well as whether users are providing complete
thoughts. With these observed sequences of speaking states, a probability distribution is
modeled over transitions between states to predict inclusivity of a user communication.
[0015]  As previously indicated, communication inclusivity comprises an evaluation of
signal data (e.g., audio signals and/or other contextual signal data) that is discretized as
speaking states during a user communication. A user communication is a technical
instance where at least one user is involved in a conversation. Such technical instances
comprise collaborative communications between multiple users such as electronic
meetings (e.g., remote meeting) or a conversation over an electronic medium (e.g.,
messaging, email, channel of a collaborative application/service). User communications
as defined herein further extend to technical instances where a user is conducting a
conversation with a software application/service (e.g., one that provides a chatbot) that
simulates dialogue of a conversation or other examples where only one user is providing
dialogue. Results of processing described in the present disclosure may be provided at any
temporal point relative to the execution of a user communication without departing from
the spirit of the present disclosure. Among other technical instances, communication
inclusivity data insights described herein may be provided in real-time (or near real-time)
during occurrence of a user communication, directly after completion of a user
communication (or at a predetermined time period after a completion of an instance of a
user communication), and/or prior to the occurrence of a reoccurring user communication

(e.g., reoccurring electronic meeting).



10

15

20

25

30

WO 2022/119692 PCT/US2021/058876

[0016] In additional to the novel manner which signal data is discretized as exemplary
speaking states, the present disclosure further describes application of an algorithm that
analyzes transitions between those discretized speaking states to generate communication
inclusivity determinations and data insights. An exemplary algorithm treats a user
communication as a Markov chain, observing the sequence of speaking states as a user
communication progresses to completion. Developers may set any number of speaking
states as a state of the Markov chain. For example, during an electronic meeting, active
speaking states of users may be tracked and counted along with states of silence. Other
types of speaking states previously listed can further be incorporated into this analysis to
provide a more comprehensive analysis of communication inclusivity.

[0017] At the end of a user communication, the algorithm is configured to build a state
transition probability matrix (e.g., stochastic matrix) based on the observed sequence of
states (e.g., sequence of speakers/silences). Proofs may then be applied to prove that a
sequence of speaking states of a user communication (and thus the state transition
probability matrix thereof) is irreducible and aperiodic. Confirming that the state
transition probability matrix is stochastic, irreducible and aperiodic, proves that the
meeting has a stationary distribution. In other words, in a long enough meeting with a
given transition matrix, the expected time a participant will speak, will follow a unique
stationary distribution. A state transition probability matrix may provide observed
probabilities of who speaks after who during the electronic meeting, and the stationary
distribution represents how much time each participant will end up speaking if we were to
simulate this meeting multiple times or run a single meeting infinitely. A determination as
to aspects of communication inclusivity can be derived from a generated stationary
distribution based on the novel construction of the state transition probability matrix.
Consider an analysis of a stationary distribution that is concentrated on a specific user
(participant A) rather than other participants. This may mean that in a future similar user
communication (e.g., same participants, same agenda) or even in the representation of
current meeting in participants’ minds, participant A spoke most of the time (dominating
the communication) and ultimately giving other participants less chance to state their
points.

[0018] Moreover, an exemplary algorithm is further configured to dive deeper into
inclusivity analysis to generate determinations as to any of a plurality of other aspects
associated with communication inclusivity. As identified above, communication

inclusivity is a targeted analysis that collectively evaluates speaking opportunities
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(provided and taken by users) during a user communication and thought completion
during speech associated with the user communication. In additional to an overall
inclusivity evaluation (e.g., for a user or group of users), inclusivity analytics pertaining to
a users’ thought completion and opportunities provided (and taken) by that user may be
generated to help users better understand communication inclusivity. Non-limiting
examples of inclusivity analytics comprise but are not limited to: an analytic as to thought
completion by a user during a user communication; an analytic pertaining to interruptions
by the user during the user communication; an analytic pertaining to interruptions by other
users during the user communication; an analytic pertaining to opportunities to speak
during the user communication; an analytic pertaining to opportunities to speak that were
taken by the user during the user communication; an analytic indicating user monologuing
during the user communication; analytics related to speech effectiveness (e.g., pace, use of
fillers, pitch) during the user communication, among other examples. Inclusivity analytics
may be a quantifiable determination (e.g., numeric value or rank) or a qualitative
determination (e.g., good, bad, inclusive/not inclusive, textual summary of the analysis)
that is output in a representation of communication inclusivity data insights.

[0019] Inclusivity analytics referenced above may be derived from analysis of any of
the following: the stationary distribution; evaluation of a subset of specific speaking state
transitions detected during a user communication; probabilities associated with the state
transition probability matrix (including threshold evaluation of speaking states and
associated transitions); collected signal data as described herein; or a combination of any
of the foregoing. In one example, an inclusivity analytic pertaining to evaluation of the
speaking opportunities provided/taken by a user may be derived from analysis of the
quantified values associated with the stationary distribution. In another example, an
inclusivity analytic for thought completion may be derived from an analysis (e.g., count)
of specific state transitions during a user communication such as transitions from a state of
active speech (by the user) which transition directly to a state of silence. In further
examples, any of the inclusivity analytics generated may further be comparatively
evaluated with signal data collected for a user (or other users) from past user
communications. This type of analysis may help provide a user with an overall
understanding of their communication inclusivity, communication style and effectiveness
over one or more user communications.

[0020] A further point of novelty of the present disclosure relates to the provision of an

improved graphical user interface (GUI) that is configured to enable rendering of novel
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GUI representations that present communication inclusivity data insights. An inclusivity
detection service of the present disclosure may be utilized to automatically generate
tangible GUI representations from results of inclusivity analysis of a user communication,
thereby helping users understand the concept of communication inclusivity. Exemplary
communication inclusivity data insights may be tailored for representation as user-specific
data insights (e.g., specific to an individual user or comparative with a group of users)
and/or group-specific data insights (e.g., specific to a group of users for one or more user
communications). In examples where group-specific data insights are provided, the
present disclosure may provide data insights that inclusively evaluate a group of users
involved in a user communication and/or data insights comparatively evaluating a group
of users involved in a user communication with one or more other groups of users (e.g.,
associated with another user communication). Non-limiting examples of GUI
representations of the present disclosure are provided in FIGS. 3A and 3B. In an example
where a user communication is an electronic meeting, an improved GUI may provide
meeting diagnostics and potential coaching tips from ingested meeting content of the
electronic meeting which may help improve a users’ communication. For example, a
summary report of a user communication (e.g., electronic meeting) may comprise
communication inclusivity data insights previously described including specific inclusivity
analytics derived from communication inclusivity analysis.

[0021] Exemplary technical advantages provided by processing described in the present
disclosure comprise but are not limited to: generation of exemplary speaking states that
contextually analyze a user communication at a deeper level as compared with traditional
analysis methods; application of a novel algorithm configured to automate processing for
analyzing communication inclusivity; automated generation of communication inclusivity
data insights; automated generation of representations of communication inclusivity data
insights; an improved GUI provided through an application or service that is configured to
provide representations of communication inclusivity data insights; applicability of trained
artificial intelligence (Al) processing that is specifically configured to aid processing for
generation of communication inclusivity determinations; improved quality in the level of
insights provided for a user communication; improved processing efficiency (e.g.,
reduction in processing cycles, saving resources/bandwidth) for computing devices when
analyzing a user communication and generating data insights therefrom; reduction in
latency during in provision of communication inclusivity data insights during or after a

user communication; and interoperability to enable components described herein to
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interface with any type of application/service for comprehensive analysis of a user
communication provided therethrough, among other technical advantages.

[0022] Figure 1 illustrates an exemplary system diagram 100 of components interfacing
to enable generation and provision of communication inclusivity data insights for
participants of a user communication, with which aspects of the present disclosure may be
practiced. As an example, components illustrated in system diagram 100 may be executed
by an exemplary computing system 401 (or multiple computing systems) as described in
the description of FIG. 4. System diagram 100 describes components that may be utilized
to execute processing operations described in method 200 (FIG. 2) as well as processing
described in and associated with visual diagrams of FIGS. 3A-3B and the accompanying
description. Moreover, interactions between components of system diagram 100 may be
altered without departing from the spirit of the present disclosure. Exemplary
components, described in system diagram 100, may be hardware and/or software
components, which are programmed to execute processing operations described herein. In
some examples, components of system diagram 100 may each be one or more computing
devices associated with execution of a specific service. Exemplary services may be
managed by a software data platform (e.g., distributed software platform) that also
provides, to a component, access to and knowledge of other components that are
associated with applications/services. In one instance, processing operations described in
system diagram 100 may be implemented by one or more components connected over a
distributed network, where a user account may be working with a specific profile
established through a distributed software platform. System diagram 100 comprises user
computing devices 102; an application/service component 104; an inclusivity detection
component 106; communication inclusivity analysis modeling 108; and knowledge
repositories 110.

[0023] System diagram 100 comprises user computing device(s) 102. An example of a
user computing device 102 is a computing system (or computing systems) as described in
the description of FIG. 4. User computing device(s) 102 are intended to cover examples
where a computing device is a client computing device that is executing an application or
service to conduct a user communication. As an example, a user may be conducting an
electronic meeting through a collaborative communication application or service, where a
GUI is provided for the electronic meeting, through the collaborative communication or
service, including representations of communication inclusivity data insights. In

alternative examples, the user computing device(s) 102 is also intended to cover examples
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of computing devices that developers (e.g., users) utilize to review processing specific to
detecting communication inclusivity and generating communication inclusivity data
insights therefrom including update of an exemplary algorithm and/or trained Al
processing.

[0024] An exemplary application/service component 104 is configured to provide data
for an exemplary application/service. The designation application/service is intended to
cover any examples where an application or service is provided. Applications or services,
provided through the application/service component 104, may be any type of programmed
software. Examples described herein are intended to work with any type of productivity
application or service. A productivity application or service is configured for execution of
tasks including the management of user communications. In some examples, productivity
applications/services may be utilized to enable users to conduct user communications
therethrough. In other examples, productivity applications/services may be utilized to
provide a summary of a user communication that previously occurred. Non-limiting
examples of productivity applications or services comprise but are not limited to:
presentation program applications/services (e.g., presentation applications/services);
collaborative communication applications/services; software development
applications/services; word processing applications/services; spreadsheet
applications/services; notes/notetaking applications/services; authoring
applications/services; presentation broadcasting applications/services; search engine
applications/services; email applications/services; messaging applications/services; web
browsing applications/services; digital assistant applications/services; webpage building
applications/service; directory applications/services; mapping services; calendaring
services; electronic payment services; digital data storage or distributed data storage
applications/services; web conferencing applications/services; call communication
applications/services; language understanding applications/services; bot framework
applications/services; networking applications/service; and social networking
applications/services, among other examples. In some examples, an exemplary
productivity application/service may be a component of a distributed software platform
providing a suite of productivity applications/services. A distributed software platform is
configured to providing access to a plurality of applications/services, thereby enabling
cross-application/service usage to enhance functionality of a specific application/service at
run-time. Distributed software platforms may further manage tenant configurations/user

accounts to manage access to features, applications/services, etc. as well access to
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distributed data storage (including user-specific distributed data storage). For example, a
user account of a distributed software platform may be utilized to login to an
application/service and be associated with a live camera feed. Moreover, specific
application or services (including those of a distributed software platform) may be
configured to interface with other non-proprietary application or services (e.g., third-party
applications/services) to extend functionality including the collection of data pertaining to
a user communication and analysis thereof.

[0025]  As identified above, the application/service component 104 is configured to
provide data for user access to an application/service including provision of a GUI for user
access to an application/service. For instance, the application/service component 104 is
configured to render and provide representations of communication inclusivity data
insights, which may be displayed for a user through a GUI of an application/service. The
application/service component 104 interfaces with the user computing device(s) 102 to
enable provision of an exemplary GUI through the user computing device(s) 102 or
display devices connected therewith. Through a GUI of an application or service,
representations of communication inclusivity data insights may be provided through any
type of GUI element including but not limited to: GUI callouts; banners; notifications;
messages; and GUI menus and windows, among other examples. In at least one example,
communication inclusivity data insights are provided as in a summary report that
summarizes a user communication (e.g., electronic meeting). An exemplary summary
report may be provided in real-time (or near real-time) through during a user
communication and/or after the completion of a user communication. Examples of data
included in summary report comprise but are not limited to: user identification; textual
representations of communication inclusivity data insights (e.g., derived from analysis of
the stationary distribution); identification of speaking states/associated transitions between
speaking states during a user communication (e.g., in a graphical representation); feedback
for users in the form of inclusivity analytics derived from communication inclusivity;
statistics associated with conducting of a user communication; and links to content/
entities/users, among other examples. A non-limiting example of a summary report is
illustrated in FIG. 3B, where a meeting report of an electronic meeting is displayed.

[0026] Applications or services, provided by the application/service component 104,
may interface with other components of system diagram 100 to enhance processing
efficiency and functionality as described herein. The application/service component 104 is

configured to interface with a user computing device(s) 102 as well as the inclusivity
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detection component 106, the communication inclusivity analysis modeling 108 and
knowledge repositories 110 (e.g., of a distributed software platform). In doing so,
contextual signal data may be collected and analyzed to enhance processing described
herein including the generation of communication inclusivity data insights. Moreover,
contextual signal data may be further analyzed to aid with temporal determinations,
executed by the application/service component 104 and/or the inclusivity detection
component 106, including determining a timing as when to provide representations of
communication inclusivity data insights to a user. For instance, signal data associated with
one or more of the user, user devices and/or executing applications or services, may be
utilized to determine if it is appropriate to automatically surface a representation at a
current point in time or wait for a more opportune instance (e.g., after a user has stopped
speaking or after the conclusion of the user communication). In additional examples,
analysis of contextual signal data may further help yield determinations as the form/format
by which representations of communication inclusivity data insights are to be surfaced on
behalf of a user. For instance, analysis of user-specific signal data indicating past usage
patterns and preferences of the user may provide the inclusivity detection component 106
with intel as to include a representation of a communication inclusivity data insight in an
automatic GUI notification, contextual menu, summary repott, etc., as well as help
determine the modality by which to provide that representation to the user (e.g., directly
through the GUI of a service that is used to conduct the user communication, email or
message to a user account of the user, save a copy of a summary report to a distributed
data storage). Non-limiting examples of signal data that may be collected and analyzed
comprises but is not limited to: device-specific signal data collected from operation of one
or more user computing devices 102; user-specific signal data collected from specific
tenants/user-accounts with respect to access to any of: devices, login to a distributed
software platform, applications/services, etc.; and application-specific data collected from
usage of applications/services. In further examples, analysis of signal data may comprise
identifying correlations and relationships between the different types of signal data, where
telemetric analysis may be applied to generate the above identified contextual
determinations (including timing determinations). Captured signal data and results of
telemetric analysis thereof may be stored or subsequent retrieval via the knowledge
repositories 110. It is further noted that any stored (or logged) data is done so in
compliance with data privacy laws and regulations.

[0027] The inclusivity detection component 106 is one or more components configured

11
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for management of communication inclusivity analysis. Management of communication
inclusivity analysis is intended to cover any processing operations related to the
determination of communication inclusivity for one or more user communications through
the generation (and rendering) of representations of communication inclusivity data
insights that are presentable through applications or services. As indicated in the
foregoing, communication inclusivity is a targeted analysis that collectively evaluates
speaking opportunities (provided and taken by users) during a user communication and
thought completion during speech associated with the user communication. That is,
communication inclusivity is a collective evaluation that assesses whether 1) each
participant of a user communication had an opportunity to speak; and 2) whether the
participant, while speaking, got to complete their thought. This analysis requires a
transitional link where a state of silence by a user occurs directly after a state of active
speech by the user. As this level of analysis contemplates more (states) than just active
speech by users, the analysis and results generated therefrom are completely different from
traditional systems that analyze time spoken by users and subsequently generate analytics
from that temporal analysis. For instance, transition between different types of states (e.g.,
exemplary speaking states) during a user communication makes the analysis of the present
disclosure unique.

[0028] The inclusivity detection component 106 is configured to define speaking states
that may tracked during occurrence of a user communication. Non-limiting examples of a
user communication have been provided in the foregoing description. For ease of
explanation, the present disclosure may use an electronic meeting of a user
communication, but it is to be understood that processing operations of the present
disclosure can be applied to any type of user communication. While the term speaking
states may appear to imply that a user/participant is actively speaking, the term speaking
states is intended to cover any state relative to a user including states where users take
action (e.g., actively speaking or providing an indication) as well as states where no action
is taken (e.g., state of silence). The term speaking states is fitting because a user is making
a conscious choice as to whether to provide an action or refrain from the same and thus is
speaking to its state of mind with each choice that is made. Non-limiting examples of
speaking states defined by the inclusivity detection component 106 comprise but are not
limited to states of: active user speech; periods of silence; overlapping speakers; icon
indication (e.g., hand raises, emojis); questions in corresponding chat windows;

combination states (e.g., requests/responses, interruptions, monologues); other contextual
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signals (e.g., past and/or present signal data including user-specific signal data, device-
specific signal data, and/or application-specific signal data); and any combination thereof.
[0029] Developers may track any of the above identified speaking states during the
occurrence of a user communication. In some examples, developers may set a
configuration of a specific subset of speaking states to determine communication
inclusivity. One example configuration may be tracking, for a user communication, active
speaking states for each user/participant and also tracking periods of silence. Evaluating
additional types of speaking states may further enable a more comprehensive analysis to
be executed but may also add layers of complexity for modeling. As such, developers,
may set varying levels of configurations that can be applied in application-specific
scenarios. For instance, if an application or service has latency requirements for provision
of analysis results, the inclusivity detection component 106 may be configured to select a
configuration that is appropriate to return results in a timely manner that satisfies the
latency requirements.

[0030] To execute communication inclusivity analysis, the inclusivity detection
component 106 is configured to call upon a component that implements communication
inclusivity analysis modeling 108. The communication inclusivity analysis modeling 108
executes an exemplary algorithm of the present disclosure that is configured for
determining communication inclusivity of a user communication (or communications) and
generating communication inclusivity data insights based on the determination of
communication inclusivity. The algorithm may be a programmed software module,
trained Al processing (e.g., executing one or more deep learning models), or a
combination thereof. For ease of explanation, processing of an exemplary algorithm is
referred to as communication inclusivity analysis modeling 108, which is intended to
cover any of the above identified implementation examples.

[0031] The inclusivity detection component 106 applies communication inclusivity
analysis modeling 108 to generate a determination of communication inclusivity for a user
communication as well as generation of communication inclusivity data insights (and
representations thereof). In doing so, multiple different software modules and/or Al
models may be applied. In some technical instances, different models may be tasked with
execution of different processing tasks. As anon-limiting example, a software module
may be programmed to generate a determination of communication inclusivity (e.g.,
derive a stationary distribution from analysis of a user communication) and separate

trained Al models may be applied to generate data insights therefrom. For ease of
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explanation, specific processing operations may be described as being executed by the
inclusivity detection component 106. However, it is to be understood that the
communication inclusivity analysis modeling 108 may be configured to automatically
execute any processing operations that are described as being executed by the inclusivity
detection component 106.

[0032] The inclusivity detection component 106 may be configured to execute pre-
processing where signal data is collected for analysis (e.g., by the communication
inclusivity analysis modeling 108). Prep-processing may comprise but is not limited to:
initializing the communication inclusivity analysis modeling 108; setting configurations of
the communication inclusivity analysis modeling 108 including specific speaking states
and/or application of specific trained modeling; collecting signal data including audio
signals associated with participants of a user communication; generating a transcription of
a user communication (e.g., corresponding with a transcription service to receive a
transcription), among other examples.

[0033] Before speaking states of a user communication can be analyzed, the inclusivity
detection component 106 is configured to detect signal data from participants of a user
communication. Non-limiting examples of signal data have been provided in the
foregoing description. A configuration of the subset of speaking states being applied may
dictate what specific signal data is being collected and analyzed. In one instance, signal
data pertains to user audio signals (or other types of input signals) that provide content
during a user communication. It is noted that signal data is not limited to signal data
detected directly from an application or service in which a user communication is being
conducted. Other types of signal data may be pertinent to collect and analyze regardless if
that specific signal data is ultimately used to generate a determination of communication
inclusivity. In some cases, signal data collected may be applied when generating
communication inclusivity data insights or when generating a representation of the same
(or even determining how to surface a representation to a user).

[0034] The inclusivity detection component 106 interfaces with the application/service
component 104 to detect input signals provided though one or more application/services.
In one example, user audio signals are received through an application or service that is
used to conduct the user communication. For instance, user audio signals associated with
an electronic meeting, provided through a collaborative communication
application/service, are received through the collaborative communication

application/service. In one example, the application/service component 104 may then
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propagate the received audio signals to the inclusivity detection component 106 for
analysis. In another example, the application/service component 104 may propagate the
received audio signals to an audio transcription application/service which generates a
transcription of received audio signals. In yet another example, the inclusivity detection
component 106 is configured to detect audio signals received through an
application/service, for example, through a component configured for interfacing between
the inclusivity detection component 106 and an application/service. For instance, the
inclusivity detection component 106 may interface with an application/service through an
application programming interfaces (API), plugin or the like. This may enable the
inclusivity detection component 106 to employ an event listener to capture audio signals
that are propagated through audio channels of an application/service. In most technical
instances, audio signals for each participant are received through an independent audio
channel, enabling the inclusivity detection component 106 to readily identify which audio
signals are associated with which participants. This may be especially useful in isolating
audio signals of specific users, where a state of a user communication can change in an
instance to add/remove users from the user communication. In other technical examples,
processing may be required to isolate audio signals for individual participants as known to
one skilled in the field of art.

[0035] In technical examples where signal data being analyzed is audio signals
associated with a user communication, the inclusivity detection component 106 is
configured to generate (or request and receive from a transcription service) a transcription
of the audio signals associated with each user/participant (e.g., via the independent audio
channels) for subsequent processing. For instance, the inclusivity detection component
106 may interface with an application/service configured specifically for transcription
generation. A transcription service may generate a transcription of audio signals of a user
communication and transmit the transcription to the inclusivity detection component 106
for subsequent analysis. In some alternative examples, the inclusivity detection
component 106 may be configured to generate a transcription of a user communication
itself without requiring interfacing with any additional applications/services. In any case,
transcription generation processing of audio signals is known to one skilled in the field of
art.

[0036] Once signal data is received and processed, the inclusivity detection component
106 is configured to segment the user communication for analysis of portions of the user

communication to determine a speaking state associated therewith. For example, once a
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transcription of a user communication is generated (or received), the inclusivity detection
component 106 is configured to analyze the transcription to discretize the user
communication into a sequence of speaking states (e.g., each reflective of a portion of the
user communication). As identified in the foregoing, an exemplary algorithm of the
present disclosure is configured treats a user communication as a Markov chain, observing
a sequence of speaking states as a user communication progresses to completion.
Examples of speaking states have been identified in the foregoing description, where
developers can set any combination of two or more speaking states as a configuration for
evaluating a user communication.

[0037] Segmentation of a user communication breaks down the meeting audio into
segments or chunks, where signal data of a segment/chunk can then be further analyzed to
determine a speaking state associated therewith. Developers can configure an exemplary
Markov chain in any order (e.g., first order, second order, third order) without departing
from the spirit of the present disclosure. This may depend on whether developers wish to
correlate a previous speaking state with a current and/or future speaking speak. In one
exemplary configuration, the Markov chain is a first order Markov chain, where a
speaking state is determined only based on what is happening at the current point in time
(for that segment/chunk). That is, a next speaking state only depends on the current
speaking state that is detected.

[0038] Determinations as to how a user communication is segmented by the inclusivity
detection component 106 may also vary based on developer preferences. For instance,
developers may segment a user communication in a variety of manners, where the user
communication is discretized by one or more of: time chunks, word boundaries (e.g.,
words, sentences) or user actions (e.g., detecting indications such as hand raises, entry of
input such as emojis or handwritten input, activation/deactivation of a feature provided
through an application/service). Until now, developers have mainly considering
discretizing a time axis of an electronic meeting to create a Markov chain. However, that
need not be the case in the present disclosure. For example, an electronic meeting may be
discretized based on words spoken ultimately dividing the meeting into sequence of words
spoken by participants. Continuing that example, a state transition probability matrix is
constructed by counting who spoke the next word (or sentence) given which user had
spoken the previous word (or previous sentence). Similarly, additional speaking states
could factor into this type of analysis. For instance, a user communication can be

discretized based on the occurrence of a specific user action or signal detected during an
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electronic meeting. To do so, a transcription of a user communication would be analyzed
at word level timestamps or sentence level timestamps in active speech states and
correlated with timestamp data (e.g., through application-specific data of an
application/service used to execute a user communication) that indicates an occurrence of
a user action.

[0039] Continuing an example where discretization of a user communication pertains to
spoken word, the inclusivity detection component 106 may be configured to interface with
a transcription application or service to determine word-specific timestamps or sentence-
specific timestamps. In other examples, transcription processing may breakdown a user
communication exclusively based on time chunks (time intervals). It is to be recognized
that developers may set intervals of time chunks at any time period without departing from
the spirit of the present disclosure.

[0040] Segmentation of a user communication allows the inclusivity detection
component 106 to evaluate specific portions of a user communication as well as the
entirety of the user communication. Speaking states associated with one or more portions
of the user communication may be identified so that transitions therebetween can be
determined. The inclusivity detection component 106 may generate communication
inclusivity data insights that are specific to one or more portions of a user communication.
In one example, communication inclusivity data insights may be generated and presented
that are representative of a part of a user communication (e.g., surfaced in real-time during
the occurrence of an electronic meeting). In further examples, communication inclusivity
data insights may be generated and presented that are representative of the entirety of the
user communication (e.g., summary report provided after the occurrence of an electronic
meeting). It is further noted that representations of exemplary summary reports described
herein may include communication inclusivity data insights that are representative of a
part (one or more portions) of a user communication.

[0041] In some technical instances, multiple software modules or trained Al models
may be programmed and implemented to aid segmentation/discretization of a user
communication. That is, different trained Al models may be specifically configured to
each discretize a user communication in a different manner. For example, a first trained
Al model (or software module) is configured to discretize a user communication according
to spoken utterances (e.g., words, sentences) and a second trained Al model (or software
module) is configured to discretize a user communication based on time (e.g., time chunks

or time intervals). During real-time (or near real-time) processing of a user
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communication, time intervals and spoken utterances may be analyzed independently and
results may be subsequently correlated to aid generation of communication inclusivity data
insights. This may enable communication inclusivity analysis to focus on specific
portions of a user communication such as more important (or more active) segments of a
user communication as compared with less important (less active) segments. In some
technical instances, a third trained AI model may be implemented to execute ranking
processing that evaluates a relevance of portions of user communications, for example,
based on a correlation of spoken utterances and time chunks. In alternative instances, an
additional trained Al model may not be required to execute such processing, where a
previously applied trained AI model may be configured to receive results from another
trained Al model and generate a relevance processing result (e.g., via a trained softmax
layer).

[0042] Consider an example where an electronic meeting is being discretized
exclusively based on spoken utterances such as sentences spoken during the electronic
meeting. In that example, a user communication may be segmented based on the utterance
of a completed sentence. For instance, a first sentence is associated with a first speaking
state, a second sentence is associated with a second speaking state, etc. Once a sentence is
spoken, which triggers a first detected speaking state, speaking states may also be detected
for periods of silence (e.g., a silence state). A silence state may be determined to follow
the utterance of a sentence by a user/participant of the user communication. In some
examples, threshold determinations may be set for word utterance, whereby random
sounds/noises/utterances can be filtered out from the analysis of the sequence of speaking
states if a threshold is not satisfied. Developers may set evaluation thresholds at any level
of word utterance (e.g., multiple words or a completed sentence).

[0043] As auser communication progresses, a sequence of speaking states may be
generated. The inclusivity detection component 106 may track a count of each speaking
state that correspond to the segments (or discretized portions) of the user communication
and subsequently analyze transitions between those speaking states. For example, a
transcription and/or other signal data may be analyzed, and a count of each speaking state
may be determined from curated analysis of data associated with segmentations of the user
communication. A pure count of each speaking state may be utilized to generate some
data insights that may be presented to a user (e.g., data insights indicating the number of
times a speaking state occurred, comparative analysis amongst speaking states, etc.).

However, as referenced in the foregoing, a determination of communication inclusivity
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may be based on analysis of transitions between discretized speaking states. Thus, a count
of transitions between each speaking state is derived for the identified speaking states. In
doing so, the inclusivity detection component 106 is configured to build a state transition
probability matrix that is representative of transitions between speaking states that
occurred during the user communication.

[0044] A state transition probability matrix is a stochastic matrix that is setup to
describe transitions of a Markov chain, where each of its entries is a nonnegative real
number representing a probability. A stochastic matrix is a square matrix with all non-
negative entries and whose every row sums to one. Generation of transition probability
matrices including stochastic matrices are known to one skilled in the field of art. Itis to
be recognized that any type of stochastic matrix may be generated as known to one skilled
in the field of art may be generated without departing from the spirit of the present
disclosure. Above what is traditionally known, the state transition probability matrix of
the present disclosure is specifically configured to evaluate transitions between speaking
states. The state transition probability matrix provides the observed probabilities of what
speaking state is to occur after the detection of a specific speaking state. For example, the
state transition probability matrix generates observed probabilities of who speaks after
who during a user communication. Due to the uniqueness of the speaking states of the
present disclosure, communication inclusivity can be derived from analysis as to how
often a user may transition between identified speaking states and interactions between
users that specifically pertain to identified speaking states.

[0045] As astarting point, generating a state transition probability matrix (e.g., a
stochastic matrix) that is the first step to determining whether a stationary distribution can
be generated for the state transition probability matrix. Proofs may then be applied to
prove that a sequence of speaking states of a user communication (and thus the state
transition probability matrix thereof) is irreducible and aperiodic. Confirming that a state
transition probability matrix is stochastic, irreducible and aperiodic, proves that the
meeting has a stationary distribution. In other words, in a long enough meeting with a
given transition matrix, the expected time a participant will speak, will follow a unique
stationary distribution.

[0046] One important speaking state for communication inclusivity determination is a
state of silence (silence state). Usage of a state of silence, as a speaking state, can help
frame the user communication for communication inclusivity analysis including

determining whether states of a user communication are irreducible and aperiodic. A
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silence state is a critical evaluation point for determining inclusivity of a user
communication because it provides a point in the user communication where every
participant has the opportunity to speak. Furthermore, a silence state helps segment a user
communication, where active speaking states are may be prepended and appended with a
silence state to help frame other speaking states (e.g., active speaking state) across
participants. As such, a silence state may be set as a focus state that is used to help prove
that a sequence of speaking states is irreducible and aperiodic. While one non-limiting
example of a focus state is a silence state (state of silence), it is to be understood that
developers can set any speaking sate as a focus state without departing from the spirit of
the present disclosure.

[0047] At ahigh level, the concepts of irreducibility and aperiodicity are used to
confirm that the user communication comprises a sequence of states where all speaking
state are reachable and one that does not result in a loop that repeats the same states. That
is, if you generate the sequence of speaking states infinity, you won’t be stuck in a loop
that repeats the same state or sequence of states. Mathematical formulae for proving
irreducibility and aperiodicity are known to one skilled in the field of art. Above what is
traditionally known, the present disclosure, to prove irreducibility and aperiodicity, is
configured to specifically manage a state sequence that is comprises exemplary speaking
states. This may involve processing that generates (or modifies) portions of that sequence
of speaking states before evaluating irreducibility and/or aperiodicity as well as technical
instances where an evaluation of a sequence of speaking states yields a determination that
a sequence of speaking states does not produce a state transition probability matrix that is
irreducible and aperiodic. If a stochastic matrix is irreducible and aperiodic, then it has a
unique stationary distribution and the corresponding Markov chain converges to that
distribution. With careful construction of a space for speaking states during modeling, the
present disclosure can guarantee that a Markov chain for any type of user communication
is to be irreducible and aperiodic.

[0048] Exemplary proofs described herein may be programmed probabilistic rules that
are applied to guarantee that a specific state transition probability matrix can generate a
stationary distribution. Programmed probabilistic rules may be utilized to train
communication inclusivity analysis modeling 108 so that a stationary distribution can be
calculated for evaluating speaking state transitions of a user communication. A proof of
irreducibility that is applied is set to confirm that every identified speaking state, used in a

configuration for evaluating a user communication, is reachable from every other speaking
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state with a non-zero probability. In essence, all speaking states communicate with each
other and there is a non-zero probability that each speaking state can be reached from
another. A proof of aperiodicity is utilized to prove that the speaking states are not
partitioned into sets such that all state transitions occur cyclically from one set to another.
State transitions do not occur cyclically if it can be proven that at least one transition
between speaking states is aperiodic. Therefore, if there is at least one state transition that
is aperiodic, it is confirmed that the entire sequence of speaking states is aperiodic. For
evaluation of active speech, this means that if at least one speaker speaks for two
consecutive indexed segments, the entire meeting is aperiodic. In some technical
instances where a proof of aperiodicity is troublesome, developers may discretize a user
communication in smaller intervals (e.g., time chunks or words), which may lead to the
identification of segmentations that are aperiodic.

[0049] As an example, say that there are two participants in a user communication,
respectively A & B). An irreducible result would avoid a sequence that has the same state
transition repeat forever (i.e., Ato A or Ato B). A proof of irreducibility is configured to
manage a focus state (e.g., a silence state) within a sequence of speaking states helps
guarantee that a user communication is irreducible. For example, introduction of a third
state (i.e., state C) into a two-participant electronic meeting prevents instances where a
sequence of speaking states has a single state transition repeat infinitely. In essence, this
guarantees that there is non-zero probability that other speaking states (e.g., Ato C, Ato B,
B to C) can be reached. A proof of aperiodicity is configured to confirm whether there is a
transition between speaking states that is aperiodic. With respect to an evaluation of
aperiodicity in that two-person user communication, identification of a self-transition (e.g.,
Ato A or B to B) confirms that the transitions between states does not remain periodic
(ie.,Ato A, Ato B; Bto A). Assuch, a proof of aperiodicity may be configured to
confirm identification of a state of self-transition within the sequence of speaking states.
In many instances, there will be multiple self-transitions to track, especially when a user
communication is discretized in smaller intervals (e.g., smaller time chunks of spoken
words). However, only one instance of a self-transition may be necessary to prove
aperiodicity. In cases where a state of self-transition does not occur, the inclusivity
detection component 106 may be configured to amend the sequence of speaking states to
include at least one instance of self-transition. For instance, a state of self-transition may
be appended to a sequence of speaking states, which does not affect a determination of

communication inclusivity for respective speakers.
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[0050] Continuing a technical instance where the focus state is a silence state (state of
silence), the inclusivity detection component 106 is configured to evaluate the identified
speaking states to confirm that the user communication comprises a sequence of speaking
states that is irreducible. This may comprise a modification to the sequence of speaking
states to help guarantee irreducibility. For a user communication, the sequence of
speaking states may be pre-pended and appended with a silence state. Consider an
example where an electronic meeting consists of three participants (4, B, C), and where a
silence state "S" is utilized to designate periods of silence state during the electronic
meeting. The transcribed order of who spoke during the electronic meeting may be
something like:

A->B->A->A->5-4->C->C->S5S->B-B.
To guarantee that the sequence of speaking states is irreducible in any instance, the
inclusivity detection component 106 may be configured to generate a proxy sequence that
modifies the sequence of speaking states to:

S A->B->A->A->85-A->C->C->S5S5->B->B-S§.
The new sequence identified above is just the original sequence, pre-pended (at the
beginning) and appended (at the end) with an S indicating a state of silence. The new
sequence of speaking states may then be used to construct the state transition probability
matrix. Since the sequence starts and ends at the same speaking state, and goes through
every speaking participant (e.g., since we only consider participants who spoke at least
once to construct a state probably transition matrix), every state is reachable from every
other state with a non-zero probability. Therefore, the probability matrix has a non-zero
probability for a given route and irreducibility is proven.
[0051] With respect to proving aperiodicity, the proof of aperiodicity is configured to
configure that at least one state transition is aperiodic in the sequence of speaking states.
This may comprise confirming that a state of self-transition occurs between speaking
states as previously discussed. In cases where a state of self-transition does not occur, the
inclusivity detection component 106 may be configured to amend the sequence of
speaking states to include at least one instance of self-transition. For instance, a state of
self-transition may be appended to a sequence of speaking states, which does not affect a
determination of communication inclusivity for respective speakers.
[0052] Considering the above sequence (proxy sequence), there is at least one instance

of self-transition in the above sequence of speaking states, thereby proving that the
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sequence of speaking states is aperiodic. For instance, there is a first instance of self-
transition where a first participant (A) transitioned to itself (A), a second instance of self-
transition where a second participant (B) transitioned to itself (B), and a third self-
transition where a third participant (C) transitioned to itself. This is possible when the
segmentation of the electronic meeting is discretizing the electronic meeting into small
time chunks or a by words (e.g., sentences). As such, a state transition probability matrix,
being a stochastic matrix, is proven to be irreducible and aperiodic, suggesting that a
stationary distribution can be derived.

[0053]  Furthermore, the present disclosure is configured to also address technical
instances of speaker overlap in a novel manner. Speaker overlap occurs where multiple
participants are actively speaking at the same time in segmentation of a user
communication, which is a common occurrence in user communications such as electronic
meetings. Speaking overlap may create confusion when attempting to determine a
transition between speaking states. Theoretically, a solution when evaluating speaker
overlap is to just add a new speaking state for every multi-speaker combination (e.g., a
speaking state having multiple speakers). However, from a practical standpoint, this is
more than exponentially inefficient (since for N speakers, we can have up to 2" states and

22V matrix). The present disclosure

the solution will involve Eigen decomposition of a
avoids this explosion of state space by splitting the speaker overlap into a sequence. When
an overlapping speaker state is detected in a segment of a user communication, the
inclusivity detection component 106 is configured to execute processing that decomposes
a multi-speaker sequence into a series of transitions that fit within the define speaking
states for an applied configuration. For example, consider a three-state long sequence:

A = ABC - C. Instead of having additional state ABC (e.g., multi-speaker state), that
sequence can be decomposed into the following sequence: A - A - €, A - B - C and

A - C — €. Those transitions may then be added to the state transition probability
matrix.

[0054] The inclusivity detection component 106 is then configured to compute the state
transition probability matrix based on an evaluation of state transitions between speaking
states of a user communication. For example, a final count is determined that identifies
the number of transitions between speaking states that are defined in the applied

configuration, where the final count identifies the number of times there was a transition

from one speaking state to another speaking state when considering the entirety of the user
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communication (or segments thereof). Processing for generating a transition probability
matrix is known to one skilled in the field of art.

[0055] Above what is traditionally known, the present disclosure is configured to
emphasize the importance of a focus state when generating the state transition probability
matrix. This may comprise setting values for a focus state (and transitions related thereto)
to reflect one or more aspects of communication inclusivity. For instance, communication
inclusivity comprises an evaluation as to whether participants had an opportunity to speak
during a user communication as well as what a participant did when provided with an
opportunity to speak. In a matrix calculation, it is believed that setting values that reflect
aspects of communication inclusivity help derive a stationary distribution that is truly
reflective of the definition of communication inclusivity.

[0056] Moreover, the present disclosure may further be configured to apply trained Al
processing to aid computation of a state transition probability matrix. Through
implementation of communication inclusivity analysis modeling 108, the process of
generating a state transition probability matrix may be automated, thereby saving time and
computational resources. Additionally, trained Al processing may be configured to
execute processing operations to automatically set values associate with specific focus
states (e.g., silence state) within a state transition probability matrix. Developers can train
Al processing to automatically set values for transitions to/from a focus state so that real-
time (or near real-time) processing can efficiently generate the state transition probability
matrix when a specific configuration is selected.

[0057] Continuing an example where a focus state is a silence state, the inclusivity
detection component 106, when generating a calculation for the state transition probability
matrix, is configured to set values equal for transitions from a silence state by each
user/participant. In other words, the value of a transition from the silence state is set equal
for each user because all participants have an equal opportunity to begin speaking after an
occurrence of a pause (silence). Furthermore, the inclusivity detection component 106,
when generating a calculation for the state transition probability matrix, is configured to
set a value equal to zero for continuous transitions between silence states (e.g., continuous
silence states). This results in transitions from a silence state to a silence state not
affecting the stationary distribution because that transition ultimately does not impact user
opportunity to speak or thought completion. In examples where the focus state is a
different speaking state, similar processing can be applied to configure the state transition

probability matrix for optimal evaluation of communication inclusivity.
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[0058] Furthermore, computation of the state transition probability matrix comprises
generation of a probabilistic distributive calculation that is derived for the final count of
transitions between respective speaking states. That is, the inclusivity detection analysis
component 106 is configured to generate a stationary distribution based on analysis of the
state transition probability matrix identifying transitions between speaking states of a user
communication (or user communications). In this manner, an exemplary stationary
distribution is representative of the coined term “communication inclusivity” as described
in the present disclosure. Processing for generating a stationary distribution, including
computation thereof, is known to one skilled in the field of art. As an example, processing
for generating a stationary distribution of the state transition probability matrix may
comprise transposing the state transition probability matrix and then applying an
eigenvector function to generate the stationary distribution. Given an irreducible,
aperiodic, stochastic matrix M, its stationary distribution is given by the Eigenvector
corresponding to Eigenvalue 1 + 0i of M. Moreover, the present disclosure may further
improve efficiency in calculating a stationary distribution by focusing on a single
eigenvector rather than requiring an entire Eigen decomposition. The present disclosure
may further be configured to apply trained Al processing to aid generation of a stationary
distribution. Through implementation of communication inclusivity analysis modeling
108, the process of calculating a stationary distribution may be automated, thereby saving
time and computational resources.

[0059]  As identified above, a stationary distribution of a Markov chain is a probability
distribution that remains unchanged in the Markov chain as time progresses. The
stationary distribution of the present disclosure represents a completely different analysis
from that of traditional systems which typically determine the amount of time each
participant spoke during a meeting (and further generating analytics related to the
speaking time of participants). An exemplary stationary distribution is a representation of
communication inclusivity in a meeting. As previously identified, communication
inclusivity of a user communication is a collective evaluation that assesses whether 1)
each participant had an opportunity to speak; and 2) whether the participant, while
speaking, got to complete their thought. If this stationary distribution is concentrated at
participant A (rather than other participants), it means in a future similar meeting (e.g.,
(same participants, same agenda) or even in the representation of current meeting in

participants’ minds, participant A spoke most giving others less chance to state their
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points. Hence, a determination as to aspects of communication inclusivity can be derived
from a generated stationary distribution based on the novel construction of the state
transition probability matrix. In short, the state transition probability matrix provides the
observed probabilities of who speaks after who during the electronic meeting, and the
stationary distribution represents how much time each participant will end up speaking if
we were to simulate this meeting multiple times or run a single meeting infinitely.

[0060] Once a stationary distribution is computed, the inclusivity detection analysis
component 106 is further configured to transform that stationary distribution into a usage
metric that is reflective of communication inclusivity. For example, processing operations
may be applied, through the communication inclusivity analysis modeling 108, that sets
thresholds on percentages of that stationary distribution to evaluate how each user
participant faired with respect to determining whether a participant was inclusive or not in
the context of a specific user communication. This enables communication inclusivity
data insights to be generated from the stationary distribution. A threshold evaluation is
applied to indicate what percentage of time a participant is supposed to speak given the
context of a specific user communication. When applying a threshold evaluation, if the
value in stationary distribution for that participant is greater than the value that participant
is supposed to speak, it may be determined that the participant was not being inclusive. If
the value in stationary distribution for that participant is less than or equal to than the
value participant is supposed to speak, it may be determined that the participant was being
inclusive.

[0061] A non-limiting example of a threshold evaluation being applied may be as
follows. If an electronic meeting has N participants, each participant is supposed to
contribute for 100*(1/N) % of the time. As such, if the percentage in stationary
distribution for any user is greater than 100*(1/N), a threshold determination may be made
that the user is not inclusive. It is noted that a threshold values used in a threshold
evaluation may vary to without departing from the spirit of the present disclosure. Similar
to other processing executed in the present disclosure, processing for executing a threshold
evaluation of a stationary distribution and generation of communication data insights
therefrom may be executed automatically through trained Al processing (e.g., as part of
the communication inclusivity analysis modeling 108). The inclusivity detection analysis
component 106 may be configured to generate a communication inclusivity data insight
from a result of that threshold evaluation of the stationary distribution. In some examples,

this may comprise output of a specific metric (e.g., percentage of inclusivity) derived from
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analysis of the stationary distribution.

[0062] Moreover, the communication inclusivity analysis modeling 108 is further
configured to dive deeper into inclusivity analysis to generate determinations as to any of
a plurality of other aspects associated with communication inclusivity. As identified
above, communication inclusivity is a targeted analysis that collectively evaluates
speaking opportunities (provided and taken by users) during a user communication and
thought completion during speech associated with the user communication. In additional
to an overall inclusivity evaluation (e.g., for a user or group of users), inclusivity analytics
pertaining to a users’ thought completion and opportunities provided (and taken) by that
user may be generated to help users better understand communication inclusivity. Non-
limiting examples of inclusivity analytics comprise but are not limited to: an analytic as to
thought completion by a user during a user communication; an analytic pertaining to
interruptions by the user during the user communication; an analytic pertaining to
interruptions by other users during the user communication; an analytic pertaining to
opportunities to speak during the user communication; an analytic pertaining to
opportunities to speak that were taken by the user during the user communication; an
analytic indicating user monologuing during the user communication; analytics related to
speech effectiveness (e.g., pace, use of fillers, pitch) during the user communication,
among other examples. Inclusivity analytics may be a quantifiable determination (e.g.,
numeric value or rank) or a qualitative determination (e.g., good, bad, inclusive/not
inclusive, textual summary of the analysis) that is output in a representation of
communication inclusivity data insights.

[0063] Similar to other processing executed in the present disclosure, processing for
executing a generation of communication data insights may be executed automatically
through trained Al processing (e.g., as part of the communication inclusivity analysis
modeling 108). For example, trained Al processing may be configured to generate
inclusivity analytics from analysis of any of the following: the stationary distribution;
evaluation of a subset of specific speaking state transitions detected during a user
communication; probabilities associated with the state transition probability matrix
(including threshold evaluation of speaking states and associated transitions); collected
signal data as described herein; or a combination of any of the foregoing. In one example,
an inclusivity analytic pertaining to evaluation of the speaking opportunities
provided/taken by a user may be derived from analysis of the quantified values associated

with the stationary distribution. In another example, an inclusivity analytic for thought
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completion may be derived from an analysis (e.g., count) of specific state transitions
during a user communication such as transitions from a state of active speech (by the user)
which transition directly to a state of silence. In further examples, any of the inclusivity
analytics generated may further be comparatively evaluated with signal data collected for
a user (or other users) from past user communications. This type of analysis may help
provide a user with an overall understanding of their communication inclusivity,
communication style and effectiveness over one or more user communications.

[0064] Trained Al modeling of the communication inclusivity analysis modeling 108
may then be configured to automatically generate communication inclusivity data insights
based on any of the inclusivity analytics described in the foregoing. In some examples,
specific inclusivity analytics may be output corresponding to a specific type of
representation of communication inclusivity data insights that is being generated. For
instance, a summary report may have a pre-determined layout of content representative of
communication inclusivity, where specific inclusivity analytics may be included therein
versus a GUI callout that is tailored to a specific analytical metric.

[0065] In other examples, one or more trained Al models (e.g., deep leaming models)
may be applied that are configured to analyze a relevance of an aspect of communication
inclusivity in the form of an inclusivity analytics in order to determine what inclusivity
analytics to output. As an example, one or more trained Al models may execute a
relevance analysis that applies a classifier trained for evaluating relevance of inclusivity
analytics based on metric analysis of one or more aspects of communication inclusivity.
The above identified relevance analysis evaluates a significance of an aspect of
communication inclusivity based on a comparative evaluation of actual results collected
from the user communication versus expected results. A threshold may be set for
analyzing an aspect of communication inclusivity based on evaluation of past occurrence
patterns for that analytical metric stemming from analysis of previous user
communications (e.g., expected results). Depending on the specific inclusivity analytic
being evaluated, the expected results may be a specific numerical number or a range that is
expected during the occurrence of a user communication. For example, say that a user
spoke five times (e.g., five active speaking states) during an electronic meeting but
analysis of the sequence of speaking states yielded a determination that the user only
completed their thought one out of the five times. This may have occurred possibly
because the user was continuously interrupted. The trained Al processing may be

configured to understand that, based on past evaluation of occurrence patterns from
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previous electronic meetings, a user should have completed thoughts in at least four of
those five speaking instances. A threshold evaluation may then be conducted to determine
whether that actual result (one instance of thought completion) of the electronic meeting
matches the predicted outcome (four instances of thought completion). In the example
given, the actual results of the user communication did not meet the expected results. This
may be a trigger to notify the user via a communication inclusivity data insight. In
addition to determining whether a threshold is satisfied or not, the threshold evaluation
may further comprise determining how close the actual result is to the expected result so
that an analytical metric can be quantified.

[0066] Moreover, depending on the inclusivity analytic being evaluated, the threshold
evaluation may be set at a specific numerical number (as indicated in the above example)
or an acceptable range as determined by developers. As one example, an acceptable range
for a threshold evaluation may be reflected in an instance where an inclusivity analytic
pertaining to opportunities to speak during a user communication is being evaluated.
While opportunities to speak may be judged directly after an occurrence of silence (e.g., a
silence state), not all opportunities may be created equal. For instance, there may have
been a brief pause while a user took a breath during a long explanation of a complex topic.
This may not provide a true opportunity for other users to speak. As such, it may make
sense to set an acceptable range pertaining to those speaking opportunities rather than
requiring a specific numerical threshold to be satisfied. In any example, one or more
inclusivity analytics may be selected and output for inclusion in a representation of a
communication inclusivity data insight based on a result of the metric relevance analysis
of aspects of communication inclusivity.

[0067] Further instances of relevance analysis may attempt to predict the relevance of
an inclusivity analytic to a user (or group of users) as part of a relevance evaluation of
aspects of communication inclusivity. In some cases, specific inclusivity analytics may be
more relevant to specific users or specific users may prefer to receive communication
inclusivity data insights that comprise certain inclusivity analytics. An exemplary trained
Al model may be configured to implement relevance scoring that scores the relevance of
specific inclusivity analytics to a user-specific context. That is, a classifier for an Al
model may be trained to score a relevance of an inclusivity analytics based on analysis of
user-specific context that may be derived from evaluation of collected signal data, as
referenced in the foregoing description, including signal data pertaining to user

preferences, user settings, user interactions with applications/services and past usage
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patterns of users. Inclusivity analytics may be ranked for relevance to a user-specific
context, where a number of inclusivity analytics (N number of inclusivity analytics) may
be output for inclusion in representations of communication inclusivity data insights based
on a threshold evaluation of a relevance score pertaining to the user-specific context.
Furthermore, inclusivity analytics may be filtered for inclusion in a representation of a
communication inclusivity data insight if the relevance score, pertaining to the user-
specific context, exceeds a threshold set for relevance scoring evaluation. In some
examples, a user-specific relevance evaluation may be executed in addition to other
relevance ranking processing (e.g., a metric analysis of relevance of inclusivity analytic).
[0068] Moreover, the inclusivity detection component 106 is configured to generate
representations of communication inclusivity data insights for presentation to a user (e.g.,
through a GUI of an application or service). As referenced in the foregoing description,
the present disclosure enables provision of an improved graphical user interface that is
configured to render and present novel GUI representations of communication inclusivity
data insights. To create representations of communication inclusivity data insights, the
inclusivity detection component 106 may call upon an inclusivity detection service that is
specifically configured to automatically generate tangible GUI representations from a
result of analysis of communication inclusivity across one or more user communications.
Through a GUI of an application or service, representations of communication inclusivity
data insights may be provided through any type of GUI element including but not limited
to: GUI callouts; banners; notifications; messages; and GUI menus and windows, among
other examples.

[0069] In some examples, the inclusivity detection service may be configured to
execute a contextual evaluation to aid generation and/or provision of communication
inclusivity data insights. For instance, signal data, as previously described, may be
collected and analyzed to provide a full understanding of a current context of a user
communication and/or users involved therein. A contextual evaluation may occur at any
time including prior to an occurrence of a user communication, during conducting of the
user communication or after completion of a user communication. It is to be understood
that contextual analysis may be utilized to determine what content to include in a
representation of communication inclusivity data insights, a format of a representation of
communication inclusivity data insights as well as a timing of when to provide a
representation of communication inclusivity data insights.

[0070] In some technical instances, an exemplary inclusivity detection service may be
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programmed to generate pre-configured representations of communication inclusivity data
insights as set by developers. For example, developers may pre-configure formatting of
representations of communication inclusivity data insights which may include the content
presented therein as well as an arrangement of that content. In other examples, an
exemplary inclusivity detection service may further be programmed to generate
representations of communication inclusivity data insights based on contextual analysis as
referenced in the foregoing. This may comprise generation of representations of
communication inclusivity data insights based on evaluation of processing results of the
various types of relevance analysis previously described including metric relevance
analysis and user-specific contextual analysis.

[0071] In one example, an inclusivity detection service is configured to generate a GUI
notification of a communication inclusivity data insight that provides a user with an
indication of its communication inclusivity during a user communication. As previously
referenced, a representation of communication inclusivity may be a quantifiable analytic
(e.g., arating or percentage derived from analysis of the stationary distribution), a
qualitative analytic (e.g., a textual description summarizing a users’ communication
inclusivity derived from analysis describe herein) or a combination thereof. A non-
limiting example of a GUI notification is illustrated in FIG. 3A and further described in
the accompanying description. It is noted that an exemplary GUI notification may be
generated to include any aspect of communication inclusivity analysis including
inclusivity analytics described in the foregoing description. In another example, a
summary report of a user communication may be generated that provides a summary of a
user communication. Examples of data included in summary report comprise but are not
limited to: user identification; textual representations of communication inclusivity data
insights (e.g., derived from analysis of the stationary distribution; identification of
speaking states/associated transitions between speaking states during a user
communication (e.g., in a graphical representation); feedback for users in the form of
inclusivity analytics derived from communication inclusivity; statistics associated with
conducting of a user communication; and links to content/ entities/users, among other
examples. A non-limiting example of a summary report is illustrated in FIG. 3B, where a
meeting report of an electronic meeting is displayed.

[0072] Furthermore, exemplary communication inclusivity data insights, generated may
be tailored for representation as user-specific data insights (e.g., specific to an individual

user or comparative with a group of users) and/or group-specific data insights (e.g.,
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specific to a group of users for one or more user communications). In examples where
group-specific data insights are provided, the present disclosure may provide data insights
that inclusively evaluate a group of users involved in a user communication and/or data
insights comparatively evaluating a group of users involved in a user communication with
one or more other groups of users (e.g., associated with another user communication).
Non-limiting examples of GUI representations of the present disclosure are provided in
FIGS. 3A and 3B. In some technical instances, representations of communication
inclusivity data insights may have multiple views (e.g., user-specific view and group-
specific view), where GUI elements may be provided therewith to enable users to toggle
between different views.

[0073]  Additionally, the inclusivity detection component 106 may interface with the
inclusivity detection service to store representations of communication inclusivity data
insights. In some examples, representations of communication inclusivity data insights
may be generated and immediately propagated for rendering through a GUI of an
application/service. In other examples, representations of communication inclusivity data
insights may be generated, stored and then recalled for presentation. In any example,
representations of communication inclusivity data insights may be stored on a distributed
data storage (e.g., knowledge repositories 110) for recall and rendering through a GUI of
an application/service.

[0074]  As referenced in the foregoing description, the communication inclusivity
analysis modeling 108 may comprise implementation of trained Al processing. Execution
of processing related to the management of Al modeling (e.g., building, training,
implementing, updating) are known to one skilled in the field of art. Trained Al
processing may be applicable to aid any type of determinative or predictive processing
including specific processing operations described about with respect to determinations,
classification ranking/scoring and relevance ranking/scoring. This may occur via any of:
supervised learning; unsupervised learning; semi-supervised learning; or reinforcement
learning, among other examples. Non-limiting examples of supervised learning that may
be applied comprise but are not limited to: nearest neighbor processing; naive bayes
classification processing; decision trees; linear regression; support vector machines (SVM)
neural networks (e.g., deep neural network (DNN) convolutional neural network (CNN) or
recurrent neural network (RNN)); and transformers, among other examples. Non-limiting
of unsupervised learning that may be applied comprise but are not limited to: application

of clustering processing including k-means for clustering problems, hierarchical
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clustering, mixture modeling, etc.; application of association rule learning; application of
latent variable modeling; anomaly detection; and neural network processing, among other
examples. Non-limiting of semi-supervised learning that may be applied comprise but are
not limited to: assumption determination processing; generative modeling; low-density
separation processing and graph-based method processing, among other examples. Non-
limiting of reinforcement learning that may be applied comprise but are not limited to:
value-based processing; policy-based processing; and model-based processing, among
other examples. Furthermore, trained Al processing may be continuously updated over
time including based on receipt of user feedback regarding representations of
communication inclusivity data insights.

[0075] Knowledge repositories 110 may be accessed to obtain data for generation,
training and implementation of the communication inclusivity analysis modeling 108 as
well the operation of processing operations by that of the application/service component
104 and the communication inclusivity detection component 106. Knowledge resources
comprise any data affiliated with a software application platform (e.g., Microsoft®,
Google®, Apple®, IBM®) as well as data that is obtained through interfacing with
resources over a network connection including third-party applications/services.
Knowledge repositories 110 may be resources accessible in a distributed manner via
network connection that may store data usable to improve processing operations executed
by the communication inclusivity detection component 106 and/or the communication
inclusivity analysis modeling 108. Knowledge repositories 110 may be data stored on a
distributed data storage that is accessible over a network connection. However, in some
examples, data described with respect to knowledge repositories 110 may be stored locally
on a computing device. Examples of data maintained by knowledge repositories 110
comprises but is not limited to: collected signal data (e.g., from usage of an
application/service, device-specific, user-specific); telemetry data including past usage of
a specific user and/or group of users; corpuses of annotated data used to build and train Al
processing classifiers for trained relevance modeling; access to entity databases and/or
other network graph databases; web-based resources including any data accessible via
network connection including data stored via distributed data storage; trained bots
including those for natural language understanding; data for stored representations of
communication inclusivity data insights; and application/service data (e.g., data of
applications/services managed by the application/service component 104) for execution of

specific applications/services including electronic document metadata, among other
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examples. Moreover, knowledge repositories 110 may further comprise access to a cloud-
assistance service that is configured to extend language understanding processing
including user context analysis. The cloud-assistance service may provide the
communication inclusivity detection component 106 and/or application/service component
104 with access to larger and more robust library of stored data for execution of language
understanding/natural language understanding processing including transcribing audio
signals received from users/participants of a user communication. Access to the cloud-
assistance service may be provided when an application/service is accessing content in a
distributed service-based example (e.g., a user is utilizing a network connection to access
an application/service), as the data of the cloud-assistance service may be too large to store
locally. In further examples, the communication inclusivity detection component 106 may
be configurable to interface with a web search service, entity relationship databases, etc.,
to extend a corpus of data to make the most informed decisions when generating
determinations related to communication inclusivity. In further examples, telemetry data
may be collected, aggregated and correlated (e.g., by an interfacing application/service) to
further provide components of system diagram 100 with on-demand access to telemetry
data which can aid determinations generated thereby including generation of
communication inclusivity data insights.

[0076] Figure 2 illustrates an exemplary method 200 related to generation and provision
of communication inclusivity data insights for participants of a user communication, with
which aspects of the present disclosure may be practiced. As an example, method 200
may be executed across an exemplary computing system 401 (or computing systems) as
described in the description of FIG. 4. Exemplary components, described in method 200,
may be hardware and/or software components, which are programmed to execute
processing operations described herein. Non-limiting examples of components for
operations of processing operations in method 200 are described in system diagram 100
(FIG. 1). Processing operations performed in method 200 may correspond to operations
executed by a system and/or service that execute computer modules/programs, software
agents, APIs, plugins, Al processing including application of trained data models,
intelligent bots, deep learning modeling including neural networks, transformers and/or
other types of machine-learning processing, among other examples. In one non-limiting
example, processing operations described in method 200 may be executed by a component
such as the inclusivity detection component 106 (of FIG. 1) and/or the communication

inclusivity analysis modeling 108 (FIG. 1). In distributed examples, processing operations
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described in method 200 may be implemented by one or more components connected over
a distributed network. For example, components may be executed on one or more
network-enabled computing devices, connected over a distributed network, that enable
access to user communications.

[0077] Method 200 begins at processing operation 202, where signal data is detected
from participants during a user communication. Examples of user communications have
been described in the foregoing description. In one technical instance, a user
communication is an electronic meeting that comprises two or more participants/users
collaboratively interacting. Examples of signal data associated with users, devices and
applications/services, etc., and detection thereof has been described in the foregoing
description including the description of system diagram 100 (FIG. 1). In one example,
processing operation 202 comprise detection and analysis of audio signals pertaining to
specific participants/users that are involved in a user communication such as an electronic
meeting. In some instances, processing operation 202 may comprise isolating specific
audio channels associated with individual participants involved in a user communication.
For example, user audio signals associated with participants in a user communication may
be detected through an application or service (e.g., collaborative communication
application/service) that is used to host a user communication.

[0078]  As referenced in the foregoing description, it is to be understood that signal data
collected and analyzed is not limited to signal data that is associated with an application or
service that is hosting the user communication. Other types of signal data, as previously
described, may be collected and analyzed to provide a full understanding of a current
context of a user communication and/or users involved therein. A contextual evaluation
may occur at any time including prior to an occurrence of a user communication, during
conducting of the user communication or after completion of a user communication. It is
to be understood that contextual analysis may be utilized to determine what content to
include in a representation of communication inclusivity data insights, a format of a
representation of communication inclusivity data insights as well as a timing of when to
provide a representation of communication inclusivity data insights.

[0079] Flow may proceed to processing operation 204. At processing operation 204, a
transcription may be generated from analysis of user audio signals (e.g., audio signals
pertaining to specific participants/users that are involved in a user communication) that are
detected during an occurrence of the user communication. Processing for generating a

transcription of exemplary audio signals has been described in the foregoing description
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including the description of system diagram 100 (FIG. 1). In at least one example, user
audio signals are detected and propagated to a transcription application or service, that
subsequently generates a transcription of the user audio signals and returns the same to a
component (e.g., inclusivity detection component 106 of FIG. 1) for subsequent analysis.
A component such as the inclusivity detection component 106 of FIG. 1 (and/or the
communication inclusivity analysis modeling 108) may then receive the transcription for
communication inclusivity analysis. In alternative examples where a user communication
is being conducted through another medium other than audio (e.g., through messaging,
email, handwritten input, GUI indications), signal data associated there with may be
collected and analyzed. In some technical instances, this may still comprise generation of
a transcription of user interactions including communication between participants of a user
communication through alternative mediums.

[0080] Once signal data is analyzed, including generation of a transcription of a user
communication, flow of method 200 may proceed to processing operation 206. At
processing operation 206, occurrences of speaking states for a user communication are
determined. Non-limiting examples of speaking states defined by the inclusivity detection
component 106 comprise but are not limited to states of: active user speech; periods of
silence; overlapping speakers; icon indication (e.g., hand raises, emojis); questions in
corresponding chat windows; combination states (e.g., requests/responses, interruptions,
monologues); other contextual signals (e.g., past and/or present signal data including user-
specific signal data, device-specific signal data, and/or application-specific signal data);
and any combination thereof. In an example where a user communication is an electronic
meeting, determination (processing operation 206) of occurrences of speaking states
during an electronic meeting may occur based on analysis of a transcription of user audio
signals associated with the electronic meeting. For example, a plurality of speaking states
may be identified based on analysis of the transcription of user audio signals associated
with the electronic meeting.

[0081] While a configuration of the present disclosure may evaluate any of the above
identified speaking states, one specific technical example may comprise that where active
speaking states and silence states amongst participants are analyzed. Consider an example
where an electronic meeting comprises at least two participants communicating over audio
channels associated with an electronic meeting. A first state associated with active speech
of a first user during the electronic meeting may be analyzed to determine occurrences

where the first user actively spoke during the electronic meeting. A second state
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associated with active speech of a second user during the electronic meeting may be
analyzed to determine occurrences where the second user actively spoke during the
electronic meeting. Occurrences of a third state indicating a state of silence between the
first user and the second user may further be detected and analyzed.

[0082] Furthermore, as described in the foregoing, analysis of occurrences of speaking
states associated with a user communication may comprise segmenting a user
communication and evaluating respective segments. Examples as to how a user
communication may be segmented have been described in the foregoing description. In
one example, determination (processing operation 206) of occurrences of the plurality of
speaking states during the electronic meeting comprises segmenting the transcription into
words or sentences. In an example where a user communication is segmented into
sentence portions, processing operation 206 comprises analyzing whether the first state or
the second state is associated with each of the sentences, and determining whether the
third state immediately followed a speaking of each of the sentences. In another example,
segmentation of a user communication may comprise segmenting the transcription into
time chunks of a predetermined time interval. In an example where the transcription is
segmented in time chunks, processing operation 206 may comprise analyzing whether the
first state or the second state is associated with each of the time chunks, and determining
whether the third state immediately followed user speech associated with each of the time
chunks.

[0083] Moreover, as indicated in the foregoing description, one or more focus states be
selected and used to evaluate transitions between speaking states. Developers may set a
focus state for speaking states with an emphasis on determining communication
inclusivity. As an example, a silence state may be set as a focus state, where a sequence of
speaking states associated with a user communication may be amended/modified to
confirm that a stationary distribution can be calculated from analysis of speaking states of
a user communication. For instance, a sequence of speaking states may be determined for
the user communication, where that sequence of speaking states may be
amended/modified to confirm that the sequence of speaking states is irreducible and
aperiodic. Processing for applying proofs of irreducibility and aperiodicity have been
described in the foregoing description including the description of system diagram 100
(FIG. 1).

[0084] Once the speaking states have been identified for a user communication, flow of

method 200 may proceed to processing operation 208. At processing operation 208,
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transitions between identified speaking states may be analyzed to determine a count for
transitions between speaking states, where a speaking state transition count may be
updated for the user communication. A speaking state transition count may be analyzed in
real-time (or near real-time), where transitions between identified speaking states may be
counted. After a user communication begins, a speaking state transition count may be
continuously updated throughout the duration of the user communication. Thus, the
speaking state transition count is determined at a current point in the user communication
in cases where a user communication is actively continuing. In some alternative instances,
the speaking state transition count may be determined after a user communication has been
concluded, where a transcript may be analyzed for the entirety of a completed user
communication. Continuing the example described above with respect to a two-participant
user communication (e.g., having at least 3 speaking states), processing operation 208 may
comprise generating a count of transitions from: the first state to the first state; the first
state to the second state; the first state to the third state, the second state to the first state,
the second state to the second state, the second state to the third state, and the third state to
the third state.

[0085]  After a speaking state transition count has been updated for a current state of a
user communication, method 200 may proceed to decision operation 210, where it is
determined if a user communication has ended. In examples where the user
communication is continuing, flow of decision operation 210 branches “NO” and
processing of method 200 returns back to processing operation 202, where additional
signal data is detected and analyzed. This may ultimately result in a subsequent update of
the speaking state transition count. In examples, where it is determined that a user
communication has ended, flow of decision operation 210 branches “YES™ and processing
of method 200 proceeds to processing operation 212.

[0086] At processing operation 212, a state transition probability matrix is generated
that reflects final transition counts for transitions between identified speaking states.
Processing for generation of a state transition probability matrix has been described in the
foregoing description including the description of state diagram 100 (FIG. 1). Processing
operation 212 may comprise generating a state transition probability matrix for transitions
between speaking states identified from a sequence of speaking states associated with the
user communication. As indicated in the foregoing description, one or more focus states
be selected and used to evaluate transitions between speaking states. Continuing the

above-described example where a two-participant user communication is being conducted,
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processing operation 212 may comprise configuring the state transition probability matrix
to reflect an emphasis on a specific focus state, which may be utilized to aid determination
of communication inclusivity. As previously described, this may comprise amending a
sequence of speaking states determined for the user communication. Additionally, values
associated with the state transition probability matrix may further be configured for
deriving aspects of communication inclusivity. In one example, a focus state may be a
silence state (e.g., third state). The state transition probability matrix may be configured
according to that focus state so that communication inclusivity can be properly
determined. For instance, processing operation 212 comprises: setting, in the state
transition probability matrix, a value of a transition from the third state (e.g., silence state)
equal when transitioning to other speaking states, and setting a value continuous instances
of silence (e.g., a third state) equal to zero.

[0087] Flow of method 200 may then proceed to processing operation 214. At
processing operation 214, a stationary distribution is generated for the state transition
probability matrix. Processing for generation of a stationary distribution has been
described in the foregoing description including the description of state diagram 100 (FIG.
1). As indicated in the foregoing description, the way in which the state transition
probability matrix is uniquely configured for deriving communication inclusivity results in
a unique stationary distribution that reflects overall communication inclusivity for
participants of a user communication.

[0088] At processing operation 216, one or more communication inclusivity data
insights (e.g., meeting inclusivity data insights) may be generated based on a result of
analyzing the transitions between the plurality of speaking states for user communication
(e.g., an electronic meeting). Processing operations for generation of communication
inclusivity data insights has been provided in the foregoing description. As referenced in
the foregoing description, a communication inclusivity data insight may be generated
based on analysis of the stationary distribution calculated for a user communication. As an
example, processing for generation of a meeting inclusivity data insight is an automated
process that occurs directly based on analysis of values of the stationary distribution. As
further referenced in the foregoing, a communication inclusivity data insight (e.g., meeting
inclusivity data insight) may comprise a metric representation of a users’ inclusivity during
a user communication and/or a textual representation derived from analysis of the
stationary distribution (e.g., relative to communication inclusivity patterns derived from

other instances of user communications). In further examples, communication inclusivity
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data insights may be generated with respect to any aspect of communication inclusivity
(e.g., inclusivity analytics) for one or more user communications. Further, communication
inclusivity data insights may be user-specific, group-specific (e.g., a group of users) or a
combination thereof.

[0089] In one example, processing operation 216 comprises generating a summary
report for a user communication (e.g., an electronic meeting) that is presentable in a
graphical user interface of a productivity service. Non-limiting examples of content
provided in an exemplary summary report has been described in the foregoing description.
For instance, in an example where a summary report is for an electronic meeting, the
summary report may comprise a meeting inclusivity data insight and a visual mapping
identifying the occurrences of the plurality of speaking states during the electronic
meeting. In further examples, processing operation 216 may comprise generating user-
specific inclusivity analytics for an individual user based on analysis of the transitions
between the plurality of speaking states for the electronic meeting. For instance, user-
specific inclusivity analytics comprise a first inclusivity analytic indicating a user
opportunity to speak during the electronic meeting, and a second inclusivity analytic
indicating whether the individual user completed their thoughts when speaking during the
electronic meeting. Further examples of inclusivity analytics that may be included in a
notification of a communication inclusivity data insight are described in the foregoing
with reference to inclusivity analytics.

[0090] Flow of method 200 may then proceed to processing operation 218. At
processing operation 218, a representation of communication inclusivity data insights is
generated. Processing operations related to generation of a representation of
communication inclusivity data insights has been described in the foregoing description
including the description of system diagram 100 (FIG. 1).

[0091] At processing operation 220, data for rendering of a representation of
communication inclusivity data insights is transmitted to a client computing device. As an
example, a client computing device may be executing a productivity service and will
ultimately render the representation of the communication inclusivity data insights in a
GUI of the productivity service. Once data is received at the client computing device,
flow of method 200 proceeds to processing operation 222, where a representation of a
communication inclusivity data insight is rendered in a GUI of the productivity service.
[0092] Further processing of method 200 relates to management of user interaction with

a representation of communication inclusivity data insights that is provided through a GUI
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of a productivity service. For instance, flow of method 200 may proceed to decision
operation 224, where it is determined whether a GUI interaction is received with content
of an exemplary representation. In examples where no GUI interaction is received, flow
of decision operation 224 branches “NO” and processing of method 200 ends. In
examples where a GUI interaction is received, flow of decision operation 224 branches
“YES” and processing of method 200 returns to processing operation 222, where
presentation of an exemplary representation may be updated. In some examples, this may
comprise providing a different view (e.g., user-specific view or group-specific view) for a
representation of communication inclusivity data insights. In other examples, this may
comprise providing a completely different representation.

[0093] Figures 3A-3B illustrate exemplary processing device views associated with
user interface examples for an improved user interface that is configured to enable
provision of representations of communication inclusivity data insights, with which
aspects of the present disclosure may be practiced. Figures 3A-3B provide non-limiting
front-end examples of processing described in the foregoing including system diagram 100
(FIG. 1) and method 200 (FIG. 2).

[0094] Figure 3A presents processing device view 300, illustrating a GUI of a
collaborative communication application or service (e.g., MICROSOFT® TEAMS®) that
is configured to enable users to engage in a user communication. In the example shown in
processing device view 300, the GUI, of the collaborative communication application or
service, displays representation 302 providing a GUI tab 304 (“Meeting Notes™) that
provides personalized meeting insights for a user account 306 (“User 2”) associated with
an electronic meeting (“Sales Meeting”). An exemplary representation 302 may be
provided at any time proximate to the occurrence of the electronic meeting including prior
to, during or afterwards. In the present example shown in processing device view 300,
the electronic meeting (“Sales Meeting™) has just concluded. Within the GUI tab 304, a
GUI notification 308 is automatically provided notifying the user account 306 of its
communication inclusivity during the electronic meeting.

[0095] The GUI notification 308 illustrates a variety of manners in which
communication inclusivity data insights of the present disclosure may be presented to
users. GUI notification 308 may be automatically provided for a user based on results of
processing described herein without requiring user request for communication inclusivity
feedback. Any type of communication inclusivity data insight may be provided in GUI

notification 308. For instance, GUI notification 308 may comprise a quantitative
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representation of a users’ communication inclusivity (e.g., 43%) is provided for the user
account 306. In alternative examples, a quantitative representation of communication
inclusivity may also be a rating (e.g., letter grade, scaled numerical representation (1-10)).
Furthermore, the GUI notification 308 may provide a qualitative representation of a users’
communication inclusivity (e.g., textual summary providing adjectives describing
communication inclusivity and various aspects associated with communication
inclusivity). Additionally, GUI notification 308 may further comprise rich data objects
(e.g., links, user contact data, etc.) that may comprise links to GUI menus providing
additional representations of communication inclusivity data insights. For instance, GUI
notification 308 comprises a link to an additional GUI tab (**Analytics™) associated with
the collaborative communication application or service, which provides additional
representation of communication inclusivity data insights.

[0096] Figure 3B presents processing device view 320, illustrating a continued example
of the representation 302 that is shown in processing device view 300 (FIG. 3A). The
example shown in processing device view 320 illustrates a representation 322 of the
additional GUI tab 324 (**Analytics™), which may have been accessed through selection of
the link provided in GUI notification 308 (FIG. 3A). Of course, that is not the only way to
access GUI tab 324 whereby a user may take a more direct approach by selecting a tab
associated therewith from a GUI menu provided through the collaborative communication
application or service, among other manners in which to access GUI tab 324.
Representation 322 provides a non-limiting example of a summary report 326 for a user
communication as previously described in the foregoing description. An exemplary
summary report 326 shown in processing device view 320 provides summary information
for a completed electronic meeting (“Sales Meeting”™).

[0097] Examples of data included in summary report 326 comprise but are not limited
to: user identification; textual representations of communication inclusivity data insights
(e.g., derived from analysis of the stationary distribution); identification of speaking
states/associated transitions between speaking states during a user communication (e.g., in
a graphical representation); feedback for users in the form of inclusivity analytics derived
from communication inclusivity; statistics associated with conducting of a user
communication; and links to content/ entities/users, among other examples. For instance,
summary report 326 provides a qualitative representation of a users’ communication
inclusivity. Additionally, summary report 326 provides explicit meeting inclusivity

feedback on specific aspects of communication inclusivity in the form of inclusivity
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analytics 328 as well as identification of speaking state transitions 330 during the
electronic meeting. As an example, identification of the speaking state transitions 330
may comprise identification of a focus state (e.g., silence state), which is critical to
determining communication inclusivity amongst users.

Non-limiting Examples To Aid Understanding of Determination of Communication

Inclusivity
[0098] Non-limiting Example 1:

Consider a ten-second-long, 2 participant meeting. Let us discretize the time axis into 1
second time chunks and let our speaking states be:

e A Participant A spoke

e B : Participant B spoke

e (: Silence (from which probability of going to either A or B is equal)
Now consider the following meetings where participant A speaks for 70% of the time:
Meeting 1 (e.g., instance where participant B likely agreeing with participant A), having a
sequence of speaking states as follows:
A->A->B->A->B->A->A->B->A-A->C
We can calculate the state transition probability matrix as:
A |B |C
A | 3/7 |3/7 | 1/7
B |1 0 0
C |1/2]11/2]0

This matrix has a stationary distribution: [0.6, 0.3, 0.1], which means eventually,
participant A will speak more than B but not a clear monologue on the part of participant
A.

[0099] Non-limiting Example 2:

Meeting 2 (e.g., more like both participants being able to state their points) having a
sequence of speaking states of:

B->B->B->A->A->A->A->A->A->A-C

We can calculate the state transition probability matrix as:

A B C
A |6/7T |0 1/7
B [(1/3 [2/3 |0
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C |2 172 |0

This matrix has a stationary distribution: [0.75, 0.15, 0.1], which means eventually,
participant A is speaking most and clearly a monologue. Note that there is no silence (state
C) between transition from participant B to participant A which means participant B likely
did not complete their thought.

[00100] Non-limiting Example 3:

Meeting 3 (e.g., an example where participants both get to complete their thoughts) having
a sequence of speaking states of’

A->A->A->A->A->A->A->B->B->B->C

We can calculate the state transition probability matrix as:

A B C
A |6/7T |1/7 |0
B |0 2/3 | 1/3
C |» 172 |10

This matrix has a stationary distribution: [0.5, 0.4, 0.1], meaning eventually, both
participants are almost equally speaking on the topic. Note that in all meetings, percentage
of time participant A spoke was the same i.e. 70%. But the subjective feeling of participant
A's inclusiveness could be different for participant B because in meeting 1, participant B
could interrupt. In meeting 3, participant B got to complete their point but in meeting 2, it
is more likely participant A took over the meeting without letting participant B get closure
(note the lack of silence between transition from B to A).

[00101] Non-limiting Example 4:

Meeting 4 (e.g., more like fight between participants) having a sequence of speaking states
of:

A-B—-A->B->A->B->A->B->A-B->C

We can calculate the state transition probability matrix as:

A B |C
A |12 |1/3|1/6
B |12 |1/2|0

C |172 |12]0

This matrix has a stationary distribution: [0.43, 0.47, 0.1], which means eventually, both
will get to speak equally.

[00102] Figure 4 illustrates a computing system 401 suitable for implementing
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processing operations described herein related to automatic generation and provision of
communication inclusivity data insights, with which aspects of the present disclosure may
be practiced. As referenced above, computing system 401 may be configured to
implement processing operations of any component described herein including exemplary
inclusivity detection component(s) previously described (e.g., inclusivity detection
component(s) 106 of FIG. 1). As such, computing system 401 may be configured as a
specific purpose computing device that executes specific processing operations to solve
the technical problems described herein including those pertaining to generation of more
useful data insights that enhance application/service experience and provide feedback to
users as to their communication style. Computing system 401 may be implemented as a
single apparatus, system, or device or may be implemented in a distributed manner as
multiple apparatuses, systems, or devices. For example, computing system 401 may
comprise one or more computing devices that execute processing for applications and/or
services over a distributed network to enable execution of processing operations described
herein over one or more applications or services. Computing system 401 may comprise a
collection of devices executing processing for front-end applications/services, back-end
applications/service or a combination thereof. Computing system 401 comprises, but is
not limited to, a processing system 402, a storage system 403, software 405,
communication interface system 407, and user interface system 409. Processing system
402 is operatively coupled with storage system 403, communication interface system 407,
and user interface system 409. Non-limiting examples of computer system 401 comprise
but are not limited to: smart phones, laptops, tablets, PDAs, desktop computers, servers,
smart computing devices including television devices and wearable computing devices
including VR devices and AR devices, e-reader devices, gaming consoles and
conferencing systems, among other non-limiting examples.

[00103] Processing system 402 loads and executes software 405 from storage system
403. Software 405 includes one or more software components (e.g., 406a and 406b) that
are configured to enable functionality described herein. In some examples, computing
system 401 may be connected to other computing devices (e.g., display device, audio
devices, servers, mobile/remote devices, VR devices, AR devices, etc.) to further enable
processing operations to be executed. When executed by processing system 402, software
405 directs processing system 402 to operate as described herein for at least the various
processes, operational scenarios, and sequences discussed in the foregoing

implementations. Computing system 401 may optionally include additional devices,
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features, or functionality not discussed for purposes of brevity. Computing system 401
may further be utilized to execute system diagram 100 (FIG. 1), method 200 (FIG. 2)
and/or the accompanying description of FIGS. 3A-3B.

[00104] Referring still to Figure 4, processing system 402 may comprise processor, a
micro-processor and other circuitry that retrieves and executes software 405 from storage
system 403. Processing system 402 may be implemented within a single processing
device but may also be distributed across multiple processing devices or sub-systems that
cooperate in executing program instructions. Examples of processing system 402 include
general purpose central processing units, microprocessors, graphical processing units,
application specific processors, sound cards, speakers and logic devices, gaming devices,
VR devices, AR devices as well as any other type of processing devices, combinations, or
variations thereof.

[00105] Storage system 403 may comprise any computer readable storage media
readable by processing system 402 and capable of storing software 405. Storage system
403 may include volatile and nonvolatile, removable and non-removable media
implemented in any method or technology for storage of information, such as computer
readable instructions, data structures, program modules, cache memory or other data.
Examples of storage media include random access memory, read only memory, magnetic
disks, optical disks, flash memory, virtual memory and non-virtual memory, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or other
suitable storage media, except for propagated signals. In no case is the computer readable
storage media a propagated signal.

[00106] In addition to computer readable storage media, in some implementations
storage system 403 may also include computer readable communication media over which
at least some of software 405 may be communicated internally or externally. Storage
system 403 may be implemented as a single storage device but may also be implemented
across multiple storage devices or sub-systems co-located or distributed relative to each
other. Storage system 403 may comprise additional elements, such as a controller, capable
of communicating with processing system 402 or possibly other systems.

[00107] Software 405 may be implemented in program instructions and among other
functions may, when executed by processing system 402, direct processing system 402 to
operate as described with respect to the various operational scenarios, sequences, and
processes illustrated herein. For example, software 405 may include program instructions

for executing one or more inclusivity detection component(s) 406a as described herein.
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Software 405 may further comprise application/service component(s) 406b that provide
applications/services as described in the foregoing description such as
applications/services that enable access to representations of formatted templates including
slide-based presentation applications/services, among other examples.

[00108] In particular, the program instructions may include various components or
modules that cooperate or otherwise interact to carry out the various processes and
operational scenarios described herein. The various components or modules may be
embodied in compiled or interpreted instructions, or in some other variation or
combination of instructions. The various components or modules may be executed in a
synchronous or asynchronous manner, serially or in parallel, in a single threaded
environment or multi-threaded, or in accordance with any other suitable execution
paradigm, variation, or combination thereof. Software 405 may include additional
processes, programs, or components, such as operating system software, virtual machine
software, or other application software. Software 405 may also comprise firmware or
some other form of machine-readable processing instructions executable by processing
system 402,

[00109] In general, software 405 may, when loaded into processing system 402 and
executed, transform a suitable apparatus, system, or device (of which computing system
401 is representative) overall from a general-purpose computing system into a special-
purpose computing system customized to execute specific processing components
described herein as well as process data and respond to queries. Indeed, encoding
software 405 on storage system 403 may transform the physical structure of storage
system 403. The specific transformation of the physical structure may depend on various
factors in different implementations of this description. Examples of such factors may
include, but are not limited to, the technology used to implement the storage media of
storage system 403 and whether the computer-storage media are characterized as primary
or secondary storage, as well as other factors.

[00110] For example, if the computer readable storage media are implemented as
semiconductor-based memory, software 405 may transform the physical state of the
semiconductor memory when the program instructions are encoded therein, such as by
transforming the state of transistors, capacitors, or other discrete circuit elements
constituting the semiconductor memory. A similar transformation may occur with respect
to magnetic or optical media. Other transformations of physical media are possible

without departing from the scope of the present description, with the foregoing examples
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provided only to facilitate the present discussion.

[00111] Communication interface system 407 may include communication connections
and devices that allow for communication with other computing systems (not shown) over
communication networks (not shown). Communication interface system 407 may also be
utilized to cover interfacing between processing components described herein. Examples
of connections and devices that together allow for inter-system communication may
include network interface cards or devices, antennas, satellites, power amplifiers, RF
circuitry, transceivers, and other communication circuitry. The connections and devices
may communicate over communication media to exchange communications with other
computing systems or networks of systems, such as metal, glass, air, or any other suitable
communication media. The aforementioned media, connections, and devices are well
known and need not be discussed at length here.

[00112] User interface system 409 is optional and may include a keyboard, a mouse, a
voice input device, a touch input device for receiving a touch gesture from a user, a motion
input device for detecting non-touch gestures and other motions by a user, gaming
accessories (e.g., controllers and/or headsets) and other comparable input devices and
associated processing elements capable of receiving user input from a user. Output
devices such as a display, speakers, haptic devices, and other types of output devices may
also be included in user interface system 409. In some cases, the input and output devices
may be combined in a single device, such as a display capable of displaying images and
receiving touch gestures. The aforementioned user input and output devices are well
known in the art and need not be discussed at length here.

[00113] User interface system 409 may also include associated user interface software
executable by processing system 402 in support of the various user input and output
devices discussed above. Separately or in conjunction with each other and other hardware
and software elements, the user interface software and user interface devices may support
a graphical user interface, a natural user interface, or any other type of user interface, for
example, that enables front-end processing of exemplary application/services described
herein including rendering of: communication inclusivity data insights; notifications of
communication inclusivity data insights; contextual representations (e.g., user-specific
and/or communication-specific) of communication inclusivity data insights including
contextually relevant inclusivity metrics and analysis (e.g., user-specific); GUI elements
for provision and management of access to communication inclusivity data insights; GUI

elements for storing and/or sharing communication inclusivity data insights, among other
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examples. User interface system 409 comprises a graphical user interface that presents
graphical user interface elements representative of any point in the processing described in
the foregoing description including processing operations described in system diagram
100 (FIG. 1), method 200 (FIG. 2) and front-end representations related to the description
of FIGS. 3A-3B. A graphical user interface of user interface system 409 may further be
configured to display graphical user interface elements (e.g., data fields, menus, links,
graphs, charts, data correlation representations and identifiers, etc.) that are representations
generated from processing described in the foregoing description. Exemplary
applications/services may further be configured to interface with processing components
of computing device 401 that enable output of other types of signals (e.g., audio output,
handwritten input) in conjunction with operation of exemplary applications/services (e.g.,
a collaborative communication application/service, electronic meeting application/service,
etc.) described herein.

[00114] Communication between computing system 401 and other computing systems
(not shown), may occur over a communication network or networks and in accordance
with various communication protocols, combinations of protocols, or variations thereof.
Examples include intranets, internets, the Internet, local area networks, wide area
networks, wireless networks, wired networks, virtual networks, software defined
networks, data center buses, computing backplanes, or any other type of network,
combination of network, or variation thereof. The aforementioned communication
networks and protocols are well known and need not be discussed at length here.
However, some communication protocols that may be used include, but are not limited to,
the Internet protocol (IP, IPv4, IPv6, etc.), the transfer control protocol (TCP), and the user
datagram protocol (UDP), as well as any other suitable communication protocol, variation,
or combination thereof.

[00115] In any of the aforementioned examples in which data, content, or any other type
of information is exchanged, the exchange of information may occur in accordance with
any of a variety of protocols, including FTP (file transfer protocol), HTTP (hypertext
transfer protocol), REST (representational state transfer), WebSocket, DOM (Document
Object Model), HTML (hypertext markup language), CSS (cascading style sheets),
HTMLS, XML (extensible markup language), JavaScript, JSON (JavaScript Object
Notation), and AJAX (Asynchronous JavaScript and XML), Bluetooth, infrared, RF,
cellular networks, satellite networks, global positioning systems, as well as any other

suitable communication protocol, variation, or combination thereof.
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[00116] The functional block diagrams, operational scenarios and sequences, and flow
diagrams provided in the Figures are representative of exemplary systems, environments,
and methodologies for performing novel aspects of the disclosure. While, for purposes of
simplicity of explanation, methods included herein may be in the form of a functional
diagram, operational scenario or sequence, or flow diagram, and may be described as a
series of acts, it is to be understood and appreciated that the methods are not limited by the
order of acts, as some acts may, in accordance therewith, occur in a different order and/or
concurrently with other acts from that shown and described herein. For example, those
skilled in the art will understand and appreciate that a method could alternatively be
represented as a series of interrelated states or events, such as in a state diagram.
Moreover, not all acts illustrated in a methodology may be required for a novel
implementation.

[00117] The descriptions and figures included herein depict specific implementations to
teach those skilled in the art how to make and use the best option. For the purpose of
teaching inventive principles, some conventional aspects have been simplified or omitted.
Those skilled in the art will appreciate variations from these implementations that fall
within the scope of the invention. Those skilled in the art will also appreciate that the
features described above can be combined in various ways to form multiple
implementations. As a result, the invention is not limited to the specific implementations
described above, but only by the claims and their equivalents.

[00118] Reference has been made throughout this specification to “one example” or “an
example,” meaning that a particular described feature, structure, or characteristic is
included in at least one example. Thus, usage of such phrases may refer to more than just
one example. Furthermore, the described features, structures, or characteristics may be
combined in any suitable manner in one or more examples.

[00119] One skilled in the relevant art may recognize, however, that the examples may
be practiced without one or more of the specific details, or with other methods, resources,
materials, etc. In other instances, well known structures, resources, or operations have not
been shown or described in detail merely to observe obscuring aspects of the examples.
[00120] While sample examples and applications have been illustrated and described, it
is to be understood that the examples are not limited to the precise configuration and
resources described above. Various modifications, changes, and variations apparent to
those skilled in the art may be made in the arrangement, operation, and details of the

methods and systems disclosed herein without departing from the scope of the claimed

50



WO 2022/119692 PCT/US2021/058876

examples.
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CLAIMS
1. A computer-implemented method comprising:
generating a transcription of audio signals from participants during an electronic
meeting;
determining occurrences of a plurality of speaking states during the electronic meeting
based on analysis of the transcription, wherein the plurality of speaking states comprise:
a first state associated with active speech of a first user during the
electronic meeting,
a second state associated with active speech of a second user during the
electronic meeting, and
a third state indicating a state of silence between the first user and the
second user;

analyzing transitions between the plurality of speaking states for the electronic
meeting based on analysis of the occurrences of the plurality of speaking states during the
electronic meeting;

generating a meeting inclusivity data insight based on a result of analyzing the
transitions between the plurality of speaking states for the electronic meeting; and

transmitting, to a client computing device executing a productivity service, data for
rendering of the meeting inclusivity data insight in the productivity service.

2. The computer-implemented method of claim 1, wherein the determining of
occurrences of the plurality of speaking states during the electronic meeting comprises
segmenting the transcription into sentences; analyzing whether the first state or the second
state is associated with each of the sentences, and determining whether the third state
immediately followed a speaking of each of the sentences, and wherein the analyzing of
the transitions between the plurality of speaking states for the electronic meeting
comprises generating a count of transitions from: the first state to the first state; the first
state to the second state; the first state to the third state, the second state to the first state,
the second state to the second state, the second state to the third state, and the third state to
the third state.

3. The computer-implemented method of claim 2, wherein the analyzing of
transitions between the plurality of speaking states for the electronic meeting comprises:
generating a state transition probability matrix for the count of transitions, and wherein the
generating of the state transition probability matrix comprises: setting, in the state

transition probability matrix, a value of a transition from the third state equal when
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transitioning to one of the first state and the second state.

4. The computer-implemented method of claim 3, further comprising: generating
a stationary distribution of the state transition probability matrix, and wherein the
generating of the meeting inclusivity data insight is an automated process that occurs
based on analysis of values of the stationary distribution.

5. The computer-implemented method of claim 1, wherein the determining of
occurrences of the plurality of speaking states during the electronic meeting comprises
segmenting the transcription into time chunks of a predetermined time interval; analyzing
whether the first state or the second state 1s associated with each of the time chunks, and
determining whether the third state immediately followed user speech associated with each
of the time chunks, and wherein the analyzing of the transitions between the plurality of
speaking states for the electronic meeting comprises generating a count of transitions
from: the first state to the first state; the first state to the second state; the first state to the
third state, the second state to the first state, the second state to the second state, the
second state to the third state, and the third state to the third state.

6. The computer-implemented method of claim 5, wherein the analyzing of
transitions between the plurality of speaking states for the electronic meeting comprises:
generating a state transition probability matrix for the count of transitions, and wherein the
generating of the state transition probability matrix comprises: setting, in the state
transition probability matrix, a value of a transition from the third state equal when
transitioning to one of the first state and the second state.

7. The computer-implemented method of claim 1, wherein the generating of the
meeting inclusivity data insight comprises generating user-specific inclusivity analytics for
an individual user based on analysis of the transitions between the plurality of speaking
states for the electronic meeting, and wherein the user-specific inclusivity analytics
comprise a first inclusivity analytic indicating a user opportunity to speak during the
electronic meeting, and a second inclusivity analytic indicating whether the individual user
completed their thoughts when speaking during the electronic meeting.

8. The computer-implemented method of claim 1, further comprising: generating
a summary report for the electronic meeting that is presentable in a graphical user
interface of the productivity service, wherein the summary report comprises: the meeting
inclusivity data insight and a visual mapping identifying the occurrences of the plurality of
speaking states during the electronic meeting.

9. A system comprising:
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at least one processor; and

a memory, operatively connected with the at least one processor, storing computer-
executable instructions that, when executed by the at least one processor, causes the at
least one processor to execute a method that comprises:

generating a transcription of audio signals from participants during an
electronic meeting;
determining occurrences of a plurality of speaking states during the
electronic meeting based on analysis of the transcription, wherein the plurality of
speaking states comprise:
a first state associated with active speech of a first user during the
electronic meeting,
a second state associated with active speech of a second user during
the electronic meeting, and
a third state indicating silence between the first user and the second
user;
analyzing transitions between the plurality of speaking states for the
electronic meeting based on analysis of the occurrences of the plurality of speaking
states during the electronic meeting;
generating a meeting inclusivity data insight based on a result of analyzing
the transitions between the plurality of speaking states for the electronic meeting;
and
transmitting, to a client computing device executing a productivity service,
data for rendering of the meeting inclusivity data insight in the productivity
service.

10. The system of claim 9, wherein the determining of occurrences of the
plurality of speaking states during the electronic meeting comprises segmenting the
transcription into sentences; analyzing whether the first state or the second state is
associated with each of the sentences, and determining whether the third state immediately
followed a speaking of each of the sentences, and wherein the analyzing of the transitions
between the plurality of speaking states for the electronic meeting comprises generating a
count of transitions from: the first state to the first state; the first state to the second state;
the first state to the third state, the second state to the first state, the second state to the
second state, the second state to the third state, and the third state to the third state.

11. The system of claim 10, wherein the analyzing of transitions between the
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plurality of speaking states for the electronic meeting comprises: generating a state
transition probability matrix for the count of transitions, and wherein the generating of the
state transition probability matrix comprises: setting, in the state transition probability
matrix, a value of a transition from the third state equal when transitioning to one of the
first state and the second state.

12. The system of claim 10, wherein the determining of occurrences of the
plurality of speaking states during the electronic meeting comprises segmenting the
transcription into time chunks of a predetermined time interval; analyzing whether the first
state or the second state is associated with each of the time chunks, and determining
whether the third state immediately followed user speech associated with each of the time
chunks, and wherein the analyzing of the transitions between the plurality of speaking
states for the electronic meeting comprises generating a count of transitions from: the first
state to the first state; the first state to the second state; the first state to the third state, the
second state to the first state, the second state to the second state, the second state to the
third state, and the third state to the third state.

13. The system of claim 12, wherein the analyzing of transitions between the
plurality of speaking states for the electronic meeting comprises: generating a state
transition probability matrix for the count of transitions, and wherein the generating of the
state transition probability matrix comprises: setting, in the state transition probability
matrix, a value of a transition from the third state equal when transitioning to one of the
first state and the second state.

14. The system of claim 9, wherein the generating of the meeting inclusivity data
insight comprises generating user-specific inclusivity analytics for an individual user
based on analysis of the transitions between the plurality of speaking states for the
electronic meeting, and wherein the user-specific inclusivity analytics comprise a first
inclusivity analytic indicating a user opportunity to speak during the electronic meeting,
and a second inclusivity analytic indicating whether the individual user completed their
thoughts when speaking during the electronic meeting.

15. A computer-implemented method comprising:

generating a transcription of audio signals from participants during an electronic
meeting;

determining occurrences of a plurality of speaking states during the electronic meeting
based on analysis of the transcription, wherein the plurality of speaking states comprise:

a first state associated with active speech of a first user during the
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electronic meeting,
a second state associated with active speech of a second user during the
electronic meeting, and
a third state indicating silence between the first user and the second user;
analyzing transitions between the plurality of speaking states for the electronic
meeting based on analysis of the occurrences of the plurality of speaking states during the
electronic meeting;
generating a meeting inclusivity data insight based on a result of analyzing the
transitions between the plurality of speaking states for the electronic meeting; and
rendering the meeting inclusivity data insight in a graphical user interface (GUI) of

a productivity service.

56



PCT/US2021/058876

WO 2022/119692

1/5

8§01
buiapo\ sisfjouyy
Aynisnpouy uopouNUILIO)

I HANODIA

b10Qg 20INBS/UoRLIIddY
ort
SaLI0YSOdayY abpajmou)|

oo [PUbIS

Qg Ajawaja |

D10 UORLIIUNLILIOY) J3S)
901
wsuodwo) uoiaaqg

Aynisnpuy 70T

o1
uauoduio)

aoinias/uonooiddy

-

001



WO 2022/119692 PCT/US2021/058876

2/5
200

!

DETECT SIGNAL DATA FROM PARTICIPANTS DURING USER |
COMMUNICATION 202

¥

GENERATE TRANSCRIPTION OF USER AUDIO SIGNALS o4

DETERMINE SPEAKING STATE OF COMMUNICATION BY
ANALYZING TRANSCRIPTION AND/OR SIGNAL DATA g

y

UPDATE SPEAKING STATE TRANSITION COUNT FOR
COMMUNICATION 208

END
COMMUNICATION?
210

NO

GENERATE STATE TRANSITION PROBABILITY MATRIXOF
FINAL TRANSITION COUNTS OF SPEAKING STATES o,

A4
CALCULATE STATIONARY DISTRIBUTION OF STATE
TRANSITION PROBABILITY MATRIX 214

h 4

GENERATE COMMUNICATION INCLUSIVITY DATA INSIGHT(S)
216

\ 4
GENERATE REPRESENTATION OF COMMUNICATION
INCLUSIMITY DATA INSIGHT(S) 218

)

TRANSMIT DATA FOR RENDERING OF REPRESENTATIO%0

)

’ RENDER REPRESENTATION 229
YES RECEIVE GUI NO
INTERACTION? END

224



PCT/US2021/058876

WO 2022/119692

3/5

c0¢

Ve NI

“AIAISN[oUI SUnoA

Suneotput sonAeue Swpn[ouLSUIoopy S9JES 10} SOMAJEEY 29

‘spyénoy no£ Sunopduroo

U0 SuIsnooj JopIsuoo ‘Sunoou 3xsu o Yyeads 0y fHrumaoddo
L~ o[dure ypm syuedion.red Jotpo poprrord no X jo,6F St AJ1arsnjoun
Bunoowr ok ypm g I98]] qol 201N ‘popue snlsunsopy sojeg

x EER

uoneOUNON YFISu] opeWIoINY Ww

—
®

4+ sonAleuy  @ENENREET sjiel?q Ss[i4  1eyd _ %-5828—6@

90¢

SIISIsu] SUNIOy PUoSIog 4

N
| X




PCT/US2021/058876

WO 2022/119692

4/5

0ce

9ce

[AA

d¢ 1ANOIA

74
/ so|
00gr 00010090 0000| P | | Z _ =
Oﬂi Om m m_ Zisn vonopdio) yyshor ° \ id @ -
=®| | | ‘redsoL bEB,S&Oq seq @ T
dh
= = — 2 o ° @
=9 §)3PRqpaod &) Yoeqpse
= Awsnjou) Bugsay ssauaARoayT] Yodads
: Sunoo NOA WO $)BYS @owoowoﬂax @ @ lepuae)|
‘s)ysnoy mo£ Sunojduios uo Sursnooy 1opisuoo ‘Guneau yxou 1o, “yeads 0y fHunyroddo m
apdure yypm syuedron.red soypo popraocid nox  jAyarsnjourn Suneour oA ypim qol 901N
swea|
oro)) Sunavpy -
—— WeW
o O
W
(aed ® ¥eyo
G| swSisup Sunooy [ruosog 4 g
1743
Aoy

-+

so10N SunesiN  s|ieleg  s94  leyd _ %—-m-@@g@o-ﬁ@ a
oo O




PCT/US2021/058876

WO 2022/119692

5/5

P HRANOIA

= ‘SAS /139N & N @swm%% d SAS 41 WINOD
06  (S)LNENOJWODIONNES/NOLLYOMddY
o0 INANOCINOO NOLLOALIA ALNSITIONI
v THVMLAOS
S NELLSAS FOVHOLS
07 INELLSAS ONLLNAINOD




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2021/058876

A. CLASSIFICATION OF SUBJECT MATTER
INV. GO06Q10/06

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G06Q

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

7 November 2019 (2019-11-07)
paragraph [0004]
paragraph [0109]

figure 20

X US 2019/341050 A1l (DIAMANT ADI [IL] ET AL)

paragraph [0138] - paragraph [0149]
paragraph [0159] - paragraph [0162]

I:‘ Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 February 2022

Date of mailing of the international search report

16/02/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Reino, Bernardo

Form PCT/ASA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2021/058876
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2019341050 Al 07-11-2019 CN 112075075 A 11-12-2020
EP 3788780 Al 10-03-2021
Us 2019341050 A1 07-11-2019
Us 2021210097 Al 08-07-2021
WO 2019212920 A1l 07-11-2019

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - wo-search-report
	Page 65 - wo-search-report

