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METHOD AND SYSTEM FOR DETERMINING AUDIENCE RESPONSE TO A
SENSORY STIMULUS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims any and all benefits as provided by law of U.S. Provisional
Application No. 60/824,546 filed September 5, 2006 which is hereby incorporated by reference

in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
Not Applicable

REFERENCE TO MICROFICHE APPENDIX .
Not Applicable

BACKGROUND

The present invention is directed to a method and system for exposing a safnple
population audiance to a presentation (a sensory stimulus) and evaluating the audience’s
experience by measuring the biologically based responses of the audierice to the presentation and
determining a measure of the level and pattern of intensity, synchrony and engagement of that
audience to the presentation.

There are many different kinds of audio, visual and audio-visual presentations that people
are exposed to every day. These presentations serve as sensory experiences that stimulate our
senses and are known to result in biologically based responses that can be measured
electronically and mechanically (for example, heart rate, respiration rate, blood pressure, and skin
conductance). '

A commonly used approach in making measurements for evaluating these presentations is
that of interrogation, wherein the television/media viewer and/or Internet user and/or game player
is asked to identify himself or herself as a member of the television/media audience or as an
Internet user or as a game player. In connéction with television viewing, this inquiry is usually

done by means of an electronic prompting and data input device (for example, as in a Portable
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People Meter by Arbitron, Inc.) associated with a monitored receiver in a statistically selected
population and monitoring site. The member identification may also include age, sex, and other
demographic data. It is common to store both the demographic data and the tuning data
associated with each monitored receiver in the statistically selected monitoring site in store-and-
forward equipment located within the monitoring site and to subsequently forward these data to a
central office computer via a direct call over the public switched telephone network, or via the
Internet, on a regular basis.

These non-biologically based self-report methods of measuring audience response are
known to be highly error prone. Personal logs are subjective resulting in recall biases, home
monitoring devices require event-recording by the person and suffer low compliance, while
digital monitoring of cable and internet signals cannot identify which household member or
members are in the audience nor can they evaluate the level of responsiveness by those
members. In addition, self-report offers no ability to capture the biological responses to a media
presentation. Thus, while methods of self-report offer valuablé data, they are highly error prone

and cannot track the moment-to-moment responses to media consumption.
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SUMMARY ,

Historically, biologically based testing focuses on using one or two physiological
responses (€.g., heart rate or electroencephaolography) to determining the specific emotion
elicited in response to a particular stimulus, such as advertising media, be it a photograph, a print
ad, or a television commercial. However, determining the specific emotion elicited does not help
to predict how these emotional responses lead to desired behavioral responses or changes in
behavior. Further, this testing focuses on the responses of individuals. Thus, it is desirable to
identify physiologically or biologically based responses or patterns of responses in a population
sample that can lead to or are associated with behavioral responses or changes in behaviors of the
target population.

The present invention relates to a system and method for use in the field of audience
measurement. Specifically, the invention is directed to a method and system for recording the
biologically based audience responses to a presentation (for example, a live or recorded, passive
or interactive audio, visual, audio-visual presentation) and for determining a measure of moment-
to-moment and overall intensity, synchrony and engagement of the audience with that stimulus
presentation. The measure of engagement of the sample population audience can then be used to
estimate the level to which a population as a whole will be engaged by, or like or dislike, the
same presentation. The measure of engagement of the audience when combined with eye-
tracking technology can also be used to determine what elements of a presentation are most
engaging relative to other elements in that or a similar presentation. The measures of intensity,
synchrony and engagement can be used both for diagnostic value and/or to anticipate the success
or failure of a presentation. This can be accomplished via predictive models for comparing, for
example, the measure of intensity, synchrony or engagement of known successful presentations
to the measure of engagement for an unknown or not previously evaluated presentation for a
sample population ( representative audience).

The invention can be used as a media testing tool used in place of or as a complement to
traditional dial testing, self-report surveys and focus groups to measure audience reaction. The
invention can utilize human neurobiology and embodied responses that are measured and
processed in accordance with the invention to measure a sample audience reaction and predict

the response of a more general audience.
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In accordance with one embodiment, a sample audience of 2 or more people is presented
with a piece of content (live or pre-recorded) that can last anywhere from 5 seconds to 5 hours
(or more). The system according to the invention monitors the biometric responses of our
viewers to obtain an objective measure of their response to said content.

Biometric response data can be gathered via a multi-sensor wearable body monitoring
device that enables continuous collection of biologically based data that is time-stamped in order
to correlate it to the presentation. This sensor package can include a measure of skin
conductivity (SC), and can include any number of additional sensors to monitor responses such
as heart response, brain waves, respiratory response, body movements, eye tracking, facial
expressions and other biologically based signals.

‘ The content that is presented to the audience as part of the presentation can include, but is
not limited to, photographs, print advertisements, television programs, films, documentaries,
commercials, infomercials, news reports, live content, live theater, theater recordings, mock
trials, story boards, actor auditions, television pilots and film concepts, music, the Internet,
gaming, etc.

In accordance with the invention, the response data cén be collected individually, in a
small group, or large group environment and be noninvasive (all sensors can be external).

In accordance with the invention, the system can track what presentation is being viewed,
who is viewing the content and the biological response(s) of the audience members in time-
locked correspondence to the viewed content or presentation. Thus, for a given piece of content
or a presentation being viewed, the biological response of each member of the sample population
can be associated with a portion of the content and the data from more than one sample audience
gathered at different times and places can be combined. For the purposes of this invention, the
sample audience (or sample population) can be a single individual who is monitored viewing the
same content several times, such as over the course of several days.

In one embodiment, a system according to the invention can help content creators,
distributors and marketers gain an objective view of how their audiences will respond to their
content.

In one embodiment, the system can be used in a natural home environment and be as

noninvasive as possible. The system can track what television (and other media) is being viewed
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by household members, which members are viewing and exactly which segments those members
are watching.

To members of the household, they can control their media in the same way as before.
For them, the main difference is that they must wear a sensor device (for example, a special
article of clothing, a bracelet or other device) as they watch video or listen to music. In this
example, this device can be used to determine how engaged they are with the media being played
by using biological sensors. The system éan make assessments about the data collected, for
example, the greater the level of movement, the less likely the audience member is paying
attention and the more likely they are engaged in a non-passive viewing experience.

In one embodiment, the data collected by the device is only used if the device or the
viewer is determined to be close to the media display; otherwise, it is assumed the viewer is too
far away from the media to experience it. The data is transmitted to the set-top box (STB) or
receiver at regular intervals and associated with each audience members’ identification plus
information about the current media being consumed. This data can be packaged together in a
database and served in real time.

In one embodiment of the system, to address compliance issues, users will not be able to
change the channel unless they are wearing a functioning sensor device or charging a discharged
unit in the outlet/dock attached to the STB or receiver.

This system according to the invention can be used by presentation and content creators
to evaluate their programming before widely distributing it. For example, they can use the
system to evaluate a sample audience by “pushing” the video and audio they want evaluated
directly to a sample audience member’s home entertainment systems or computer.

These and other capabilities of the invention, along with the invention itself, will be more

fully understood after a review of the following figures, detailed description, and claims.

BRIEF DESCRIPTION OF THE FIGURES _
FIGURE 1 is a schematic diagram of a system according to the invention for audience
measurement in a test theater.

FIGURE 2A is a schematic diagram of a second embodiment of the system according to

5
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the invention for audience measurement in the home.

FIGURE 2B is a flow diagram of the in-home compliance algorithm for the second
embodiment.

FIGURE 2C is a flow diagram of one aspect of the in-home system, its ability to identify
who in a given household is actually experiencing media.

FIGURE 3 is a schematic diagram of the third embodiment of the system according to the

invention for monitoring levels of engagement during social interaction.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention is directed to a method and system for determining a measure of a
sample population’s experience by measuring the biologically based responses of its members to
a presentation that provides a sensory stimulating experience.Methods and systems according to
the invention determine a measure of the level and pattern of intensity, synchrony and
engagement of the sensory stimulating experience. In particular, the invention is directed to a
method and system for measuring one or more biologically based responses of one or more
persons being exposed to a sensory stimulus or presentation, in order to determine the moment-to-
moment pattern and overall level of engagement. Further, the invention can be used to determine
whethér the presentation is more effective with a population relative to other presentations and
other populations and to help identify elements of the presentation that contribute to the high
level of engagement and the effectiveness and success of the presentation.

There are many different kinds of audio, visual and audio-visual presentations that people
are exposed to every day. These presentations serve as stimuli to our senses. Many of these
presentations are designed to elicit responses. In some instances, an artist, musician or movie
director has created a presentation that is intended to elicit one or more emotions or a series of
responses from an-audience. In other instances, the presentation is intended to educate or
promote a product, a service, an organization, or a cause. Finally, there are often occasions and
applications where the level of engagement of the audience is in response to a live person such
as during a live performance, focus group, during an interview situation or any such social
interaction.

These sensory stimuli can be in the form of a sound or a collection of sounds, a single
picture or collection of pictures or an audio-visual presentation that is presented passively such as
on television or radio, or presented in an interactive environment such as in a video game or
internet experience. The sensory stimuli can be pre-recorded or presented live such asin a
theatrical performance or legal proceeding (passive) or a real-world situation (or simulation) such
as participating on a boat cruise or theme park ride (interactive).

Scientific research over the last two decades suggests that a person’s responses to

experiences are critical for the depth of processing of the content. The level of processing in turn
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affects the impaét the content can have on the target audience and the ability to produce an
attitudinal or behavioral change. Several studies even show that more arousing content leads to
better recall of that content at a later date. This is of special interest to a variety of industry
professionals including but not limifed to creative directors, entertainment specialists, politicians
and advertisers. For example, in the entertainment field, it is desirable to be able to assess which
works are most appealing to which audiences (e.g., children, senior citizens, men and women).
Not only would this information be useful to the creator and the promoter in identifying the target
audience, but also to corporate sponsors and advertisers for advertising purposes. The ability to
estimate the overall impact of a given stimulus is also important to clinicians trying to educate
patients, teachers inspiring students, or politicians persuading constituents. Thus, it is desirable
to determine which, if any, demographic groups will find a particular piece of media content to
be engaging in order to help determine its impact. Similarly, it is desirable to determine which, if
any, demographic groups find a particular print, internet, television or radio commercial engaging
in order to ultimately have the ability to predict human behavior, such as attitudinal change,
purchas‘ing activity, or social conduct.

Biologically based responses to passive and interactive presentations can be measured
using various sensors affixed to the body to record various biological responses including but not
limited to heart rate, respiration rate, motion, and skin conductivity. There are now multiple
products and new technologies on the market that allow continuous unobtrusive monitoring of
biologically based human responses, for example, many are often employed for health and fitness
purposes. One product, offered under the name LifeShirt System (VivoMetrics, Ventura CA) is a
state-of-the-art garment that is worn unobtrusively by a person being evaluated and can
simultaneously collect pulmonary, cardiac, skin, posture and vocal information for later analysis.

Another product, offered under the name SenseWear (BodyMedia, Pittsburgh PA) is an arm-
band that simultaneously collects skin conductance, body temperature, motion, and heart rate.
Also, a product offered under the name Tobii x50 Eye Tracker or Tobii 2150 (Tobii Technology,
McLean VA) is a state-of-the-art eye-tracking device that allows for unobtrusive monitoring of
eye fixation location and fixation duration to a high degree of certainty. By combining eye-
tracking with other biologically based responses, the system can uniquely predict what specific |

elements within a complex sensory experience (e.g., multimedia or Internet experience) are
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triggering the response.

In accordance with the invention, a method and system has been proposed that can
reliably and objectively quantify moment-to-moment patterns and overall responses to passive
and interactive audio, video, and audio-video content in a target audience as a whole. Rather
than use individual biological responses to identify individual emotions in individual
participants, the present invention is directed to methods and systems that can aggregate
biologically based responses of a representative sample population of a target audience to create
a moment-to-moment and overall index of engagement of the target audience with respect to a
presentation that provides a sensory stimulating experience.

The present invention is directed to a method and system for collecting data
representative of various biologically based responses of a person (or animal) to an audio, visual
or audio-visual presentation that provides a sensory stimulating experience, such as a sound or
sequence of sounds, a picture or a sequence of pictures including video, or a combination of one
or more sounds and one or more pictures, including video. The presentation can be pre-recorded
and played back on a presentation device or system (e.g. on a television, video display, projected
on a screen, such as a movie) or experienced as a live perfonﬁance. The presentation can be
passive, where the audience experiences the presentation from a stationary location (e.g., seated
in a theater or in front of a television or video screen) or the presentation can be interactive where
the audience is participating in some form of activity (e.g., live roller coaster ride, simulated
roller coaster ride, an interactive session via the internet, a focus group). The data collected is
processed in accordance with the invention in order to determine a measure of intensity,
synchrony and engagement of the audience. The measure of intensity, synchrony and
engagement for a population sample can further be used to predict the level of intensity,
synchrony and engagement of the population. In the context of this disclosure, the population
sample can be based on the measure of responses of a plurality of individuals to the same
presentation (at the same time or different times) or multiple measures of responses of a single
individual exposed to the same presentation multiple times.

In accordance with the present invention, a measure of the intensity of the response to the
presentation over the period of exposure to the presentation and a measure of the synchrony of

the response to the presentation over the period of exposure to the presentation can be
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determined from the biologically based responses. Further, the period of exposure can be divided
into time slots or windows of a variety of durations (fixed or varying), or event based units with a
corresponding response value determined for and associated with each time slot or event
window. The measure of intensity can include measuring the change, from a base level, of a
biologically based response to the presentation, aggregated across two or more biological .
measures and aggregated across the population or part of the population.. Further, the response
value can be determined as a function of the measured change and a set of predefined thresholds.
The measure of synchrony can include determining a value indicative of the synchronized
change or the correlation of the biologically based responses over the sample population. The
measure of synchrony for a given time slot can be determined as a function of the inverse of the
variance for the measured biologically based responses of the sample population for a common
time slot. The measure of engagement can be determined by combining the measure of intensity
and the measure of synchrony on a time slot by time slot basis. The measures of intensity and
synchrony can be evenly or unevenly weighted in determining the measure of engagement.

The system can include three time-locked or synchronized sources of data: 1) a media
presentation device or some other apparatus or forum for presenting the sensory stimulus or
series of stimuli, 2) a response monitoring device for the collection of a plurality of biological
responses to the presentation, and 3) an eye-tracking system and/or video camera to determine
the location and duration of pupil fixation plus facial responses. Additional video cameras can
be used to determine the proximity of the individual and/or audience to the media device and the
specific elements of the presentation being experienced. The response monitoring device and the
eye-tracking system and/or video camera can be time-locked or synchronized with the sensory
stimulus so that the monitoring device and the eye-tracking system and/or video camera can
consistently record the biological responses that correspond to the same portions of the
presentation. The system sensor package can include, but is not limited to, a measure of skin
conductivity, heart rate, heart rate variability, vagal tone, respiration, body movement, measures
of facial muscle movement/expression, eye-tracking and other biologically based signals such as
body temperature, near body temperature, facial and body thermography imaging, facial EMG,
EEG, fMRI and the like. The presentation content can ‘include, but is not limited to, passive and

interactive television, radio, movies, internet, gaming, and print entertainment and educational

10



10

15

20

25

30

WO 2008/030493 PCT/US2007/019398

materials as well as live social interaction, theatrical, experiential, and amusement presentations.
The time-locked data sources can be connected to or transferred to a computerized data
processor to automatically apply the described method of scoring resulting in a pattern (or map)
of engagement per unit time (time slot), per event, or across the entire presentation.

The system can further use eye-tracking, directional audio and/or video, or other
technology to isolate specific elements or moments of interest for further in-depth processing. In
accordance with the invention, the system can track what content is being viewed, who is
viewing the content and which biological responses of the audience correspond to the viewed
content.

The system can provide an objective view of how an audience will respond to a
presentation. The system can further include a database of biologically based audience
responses, response patterns and audience engagement patterns and levels to a variety of historic
media stimuli that, when combined with demographic and other data relevant to the test media
content, allows for a prediction of the relative success of that content.

A method is described for calculating an index of time-locked engagement. The method
involves aggregation of the biological responses of the sample audience. In order to aggregate
the responses of a sample population or group of participants, it is desirable to process the data
according to one or more of the following procedures:

1. Time-locking the individual data streams into time slots or windows; the biological
response data can be divided into sequential blocks that are associated with specific time
slots;

2. Determining and processing the data based upon individual baselines and individual
variances; the biological response data can be normalized to compensated for varying
responses of the individual members of the sample population and the sensing equipment
used;

3. Determining and processing the peak and trough values for each time slot to compare
with the individual baselines and variances and determining and processing the rate of
change for each time slot of one or more biological responses;

4. Determining a standardized score per time slot for each biological measure;

5. Combining the standardized score per time slot across the sample population using one or
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more of the standardized scores for one or more of the biological measures to create a
measure of intensity. Preferably, more than one biological measure is used with at least
one biological measure being weighted differently than other biological measures,
depending on the sample population and presentation or content;

6. Averaging the inverse of the residual variance of the rate of change per unit time of a
subset of biological measures across the test audience to create a measure of synchrony
with some biological measures being weighted differently than other biological measures
depending on the test population and test content;

7. Combining the measure of intensity and the measure of synchrony to create an overall
measure of engagement per unit time; Preferably, either the measure of intensity or the
measure of synchrony can be weighted differently, depending on the sample population
and the presentation or content;

8. Standardizing the resulting measure of engagement per time slot to a set number of
individuals (sample population size) for comparison with other tests in other populations

of various sizes.

In accordance with one embodiment of the system, a sample audience is presented with a
sensory stimulus or piece of media content (live or pre-recorded) in a test theater that can last
from a minimum of a few seconds to several hours. For the purposes of this invention, the
sample audience can be a single individual who is monitored viewing the same content several
times or a group of individuals. Monitoring of audiences can be done individually, in small
groups, or in large groups simultaneously. The audience can be of a tightly defined
demographic/psychographic prophile or from a broadly defined demographic/pyschographic
prophile or a combination of the two. The system records the time-locked data streams,
calculates the level of moment-to-moment engagement, and compares the pattern of engagement
to a database of similar media content. The system is further able to use eye-tracking or other
technology to isolate specific elements or moments of interest for further in-depth processing. In
accordance with the invention, the system can track what content is being viewed, who is
viewing the content and which biological responses of the audience correspond to the viewed

content. Thus, for a given piece of stimulus content, the biological responses can be connected

12



10

15

20

25

30

WO 2008/030493 PCT/US2007/019398

. with the portion of the content that elicited the response and the data from more than one sample

audience or a subset of sample audiences gathered at different times and places can be
aggregated.

In accordance with another embodiment, participating members of a household can
control their media choice and usage throughout the course of their day while they wear a sensor
device (for example, a special article of clothing, a bracelet or other device) that measures some
combination of biological responses as they watch television, listen to music, or use the internet.

In this embodiment, the in-home sensing device communicates with an in-home computer or set

top box (STB) that determines the nature and timing of the.media content the participant has

. chosen as well as identifying information about the participant. The system would include a

technology that could determine the distance from the media stimulus such as distance
measurement via technologies like infrared, global positioning satellite, radar or through the

acquisition of a signal between two objects, such as the television or computer and participant

- using technologies with a known range of operation (e.g., WiFi, Zigbee, RFID, or Bluetooth)

and/or the direction of the participant eye-gaze (e.g., using eye-tracking technology). In a variant .
of this embodiment, the STB or computer can prevent activation of home media devices unless
the sensor device was activated to ensure compliance. In another variant of this embodiment, test
presentation content and/or broadcast/cable presentation content can be “pushed” to the
participant that “matches’ a desired demographic/psychographic prophile or pre-determined level
or pattern of engagement. As in prior embodiments, the system can record the time-locked data
streams, calculate the moment-to-moment level of engagement relative to that person, and
compare the pattern of engagement to a database of similar individual experiences.

In accordance with another embodiment, the presentation that provides that sensory
stimulus can be a live person or persons or activity. This live person or persons may include, but
is not limited to, live focus group interactions, live presentations to a jury during a pre-trial or
mock-trial, an interview-interviewee interaction, a teacher to a student or group of students, a
patient-doctor interaction, a dating interaction or some other social interaction. The live activity
can be an activity, for example, riding on a rollercoaster, in a boat or in a car. The system can
record the time-locked data streams, calculate the moment-to-moment level of engagement, and

similar to the other embodiments, compare the pattern of engagement to a database of similar
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social interactions to make an estimate of the response pattern relative to other response patterns
for that type of social interaction.

The present invention relates to a system and method for use in the field of audience
measurement. A system is described for recording the biologically based audience responses to a
live or recorded, passive or interactive audio, visual or audio-visual presentation that provides a
sensory stimulating experience to members of the audience. A method is described for using the
biologically based audience responses to calculate a pattern of intensity, synchrony and
engagement measures. The method can involve the conversion of the biological responses of a
plurality of participants into standardized scores per unit time, per event, or aggregated over
time/events that can be aggregated across the sample population audience. The system determine
the intensity and synchrony of the moment-to-moment and overall experience for the sample
population audience. The standardized intensity and synchrony scores can be combined to create
an overall measure of audience engagement. The measure of engagement represents an‘objective
measure of the experience of a defined audience segment based on a plurality of biologically
based measures.

The measure of engagement is determined‘ from two components which are determined
from the plurality of biologically based measures. The first component is the measure of |
intensity, which reflects the intensity of the biologically based responses to a plurality of defined
portions of the presentation (represented by time slots or events). The second component is the
measure of synchrony, which reflects the correlation or coincidence of the change in biologically
based responses (how many people had the same or similar responses to the same content) in the
sample population for a plurality of defined portions of the presentation (represented by time
slots or events)

The system can further integrate time-locked eye-tracking and other video monitoring
technology with the measure of engagement to identify specific elements of the sensory stimulus
that are triggering the responses. The system can also use the measure of engagement to
anticipate the relative success or failure of the test stimulus via predictive models using a

database of historic patterns of engagement for similar test stimuli in similar audiences.

FIGURE 1 shows a schematic diagram of an embodiment of the system according to the
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invention. Thepresentation is presented to the audience 12 via a display device 10, such as a
video display screen or other commercially available technology for presenting the presentation
to the test or sample audience 12. The presentation can include, but is not limited to, passive and
interactive television, radio, movies, internet, gaming, and print entertainment and educational
materials. The display device 10 can include but is not limited to a television, movie screen, a
desk-top, hand-held or wearable computer device, gaming consol, home or portable music device
or any other device for the presentation of passive or interactive audio, visual or audio-visual
presentation. For the purposes of this invention, the test audience 12 can be a single individual
who is monitored viewing the same content several times, or any small or large group defined by
any number of parameters (e.g., demographics, level of interest, physiological or psychological
profile). The test audience can be monitored using a biological monitoring system 12a for the
collectibn of a plurality of biological responses time-locked to each other and the test stimulus.
The system can include a focus and/or facial monitoring system 14 (e.g., eye-tracking system, or
a digital video camera) for the collection of data on the behavior, facial response and/or precise
focus of the audience. The three data-sources (media stimulus, biological response data, and
focus data) can be synchronized or time-locked and/or event-locked to each other whereby the
response data collected is associated with a portion of the presentation and sent to a computer
data processing device 16. The computer data processing device can be a general purpose
computer or personal computer with a pro&assor, memory and software for processing the
biological response data and generating the intensity, synchrony and engagement values. The
three data sources can be time-locked or synchronized externally or in the data processor 16 by a
variety of means including but not limited to starting them all at the same time, or by providing a
common event marker that allows the each system (in data processor 16) collecting the data from
the three data sources to synchronize their clocks/event timers or simply synchronizing the clocks
in each of the systems or use a common clock. The data processing device 16 can run software
that includes the scoring algorithm to calculate the moment-to-moment, event-to-event or total
level of engagement and compares it to a database of other audience responses to the same or
similar test presentations and delivers the results to a user-interface 18. The user interface 18 can
be provided on a desktop or portable computer or a computer terminal that accesses data

processor 16.. The user interface 16 can ba a web based user interface or provided by a dedicated

15



10

15

20

25

30

WO 2008/030493 PCT/US2007/019398

client running on the desktop or portable computer or computer terminal. The results can be
interpreted and collected into a printed or electronic report 20 for distribution. The response data
can be associated with the portion of the presentation that was displayed when the response was
measured. Alternatively, the response data can be associated with an earlier portion of the
presentation that is presumed to have caused the response based on a determined delay.

The monitoring device 12A for measuring biological responses can be any of a number of
commercially available or other sensors known in the prior art for measuring such responsés. In
accordance with the current invention, the least invasive and obtrusive sensors with the most
comfortable form factor should be chosen to minimize disruption of the experience. Preferably,
the sensors should allow participants to experience the test stimulus “as if” they were not being
monitored at all. Form factors include but are not limited to wearable devices such as smart
garments, watches, and head-gear. Many devices are available and known to collect measures of
the autonomic nervous system, facial musculature, motion and position, vocal features, eye-
movements, respiratory states, and brain waves. Multiple combinations of sensors can be used
depending on the sensory stimulus, population, and location of the monitoring.

An example of a method according to the inventon forf determining a measure of

engagement can include the following

Intensity Score

Each measure of intensity can be associated with point in time or a window or bin of time
or event marker within the exposure period. This association can be accomplished using many
methods. Preferably, the methodology for associating a measure of intensity with a point in time |
or a window of time within the exposure period is the same or similar for each measure of
engagement determined in a population sample. For example, in one method, a given measure of
intensity associated with a change in a biologically based response is assigned to the time slot or
window that corresponds to where one half the rise time of that response occurs.

For example, the input to the data processor 16 can be an N by M data matrix where N is
the number of subjects and M is the number of time points during which the biological response
is recorded. The data processor 16 can include one or more software modules which receive the

biological response data and generate the N by M matrix that is used in subsequent processing
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steps. The data processor 16 can include an intensity processing module which receives the N by
M matrix of biological response data , calculates one or more standardized scores for each
biological response measured and each time slot. The output can be a total integer score of the
intensity of response across subjects in time windows of W seconds width (this is a variable
parameter that depends on the presentation). The fractional rise time parameter (f-rise) can be
used to estimate the related time window or slot in which the response occurs. For example, if a
change in a biologically based response occurs over three time slots or windows, W1, W2, W3,
and one half the rise-time of the response occurred during window W2, the measure of intensity
for the change in response would be associated with window W2. Alternatively, the measure of
intensity could be associated with the window that contained the peak (i.e. window W3) or the
window that contained the trough (i.e. window W1). In addition, a fractional standard deviation
parameter (f-std) can be used to estimate the degree of the change in response from baseline.

As a result, for each person, a response map can be determined as a set of intensity values
associated with each time (or event) window during which each person was exposed to the
presentation. The measure of intensity for the sample population can be determined by adding
the measure of intensity associated with the same time window for each person exposed to the
presentation. The result is a response time line that is the aggregate of the population sample.
The response patterns for two or more biologically based responses (e.g. skin conductivity, heart
rate, respiration rate, motion, etc.) can be combined (evenly or unevenly weighted) in a time
window by time window basis to determine an overall intensity score or intensity time line. The
aggregate can be normalized for a population size, for example 10 or 25 people.

In accordance with the invention, the response map or pattern can be used to evaluate
radio, print and audio-visual advertisements (for both television and the Internet), television
shows and movies. In one embodiment, a population sample can be exposed to one or more
known successful advertisements (TV shows, movies, or websites) and then the same or a
different population sample can be exposed to a new advertisement (TV show, movie, or
website). Where the response pattern is similar to the response pattern to one or more known
successful advertisements (TV shows, movies, or websites) it would be expected that the new
advertisement (TV show, movie, or website) would also be successful. Further, a database of

response patterns for different types of stimuli (advertisements, TV shows, movies, websites,
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etc.) could be maintained and analyzed to determine the attributes of a successful advertisement,
TV show, movie, or website.

In accordance with the invention, the data processor 16 can include a syncrhony
processing module which receives the N by M matrix of biological response data , calculates the
in verse variance of the rate of change of one or more biological measures across at least a
portion of the sample population and determines a standardized value representative of the
synchrony for a given time slot. The data processor 16 can determine the synchrony of a given
biological response by evaluating the slope of the response in a given time window or event
window over the period of exposure for each person in the population sample. For each time
window, a slope value can be assigned based on the value of the slope, for example, the greater
the slope the greater the slope value. The slope value for each corresponding time window or
event window of each person of the population sample can be processed to determine a measure
of the variance over the population sample for each time window or event window. For example,
the mean and standard deviation of the slope value of the population sample for each time
window or event window can be determined and used to further determine the residual variance.
The residual variance can be further normalized and used to produce a response pattern that
indicates the time-locked synchrony of the response of the population sample to the stimulus.

Similarly, the synchroniy response map or pattern can be used to evaluate radio, print and
audio-visual advertisements (for both television and the Internet), television shows and movies.
Further, the stimuli described can be evaluated using both the intensity response pattern and the

synchrony response pattern.

The intensity score can be calculated according to the following steps. Step 1: Following
a noise reduction process for each input channel, for each participant, the distribution of
amplitudes of responses including the mean (u) and standard deviation (o) of responses is
calculated over some baseline period (this is a variable parameter that depends on the stimulus).
Step 2: For each participant, the location and timing of the trough and peak amplitude of each
response is estimated and the difference between each peak and trough (the amplitude of
response) is calculated. Step 3: The values so determined are used to establish a score for each

individual response thus: score 0 if the amplitude is less than the baseline y for that channel,
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score 1 for a response if the amplitude is between p and p + f-(c), and score 2 for a response if
the amplitude is greater than p + f-(c). Step 4: Each response score for each participant is
assigned to a sequential bin of variable length tifne-locked to the media stimulus by locating the
time of the f-rise. Step 5: The sum of all the binned response scores across all participants is
calculated for each biological sensor. The score is normalized depending on the number of
sensors collected (being equal for each test) and the number of participants (being unequal for
each test). The score thus created is the intensity score per unit time or per time slot.

Depending on the sensors used and the presentation being experienced, not all channels
will be added to the intensity score. For example, certain forms of respiration (such as a sigh
indicative of boredom) or motion (taking a drink or looking at a watch) may actually be
subtracted from the intensity score. In addition, alternative versions of the intensity measure may
be used for presentations with differing goals. For example, when testing a horror movie,
sensors such as skin conductance may be weighted more heavily in the calculation because the
goal of the content is to generate arousal while testing a comedy, which is meant to elicit laughter

might use stronger weighting towards the respiratory response.

Synchrony Score

Synchrony is a measure of the rate of change of a response by a the audience (plural
members of the sample population) to a portion of the stimulus or presentation. The audience
can be exposed to the stimulus or presentation over a period of time or through a sequence of
steps or events. The period of exposure can be divided into windows or portions or events that
correspond to elements or events that make up the stimulus or presentation. For example, the
synchrony of the response can be determined as a function of the rate of change of a biologically
based response to a portion of the stimulus or an event during the presentation by a plurality of
audience members or the population sample.

In accordance with the invention, the input to the data processor 16 can be an N by M
data matrix where N is the number of subjects and M is the number of time points during which
the biological response is recorded. The data processor 16 can include a synchrony processing

module which receives the N by M matrix of biological response data , calculates an inverse
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variance across the matrix values and determines one or more standardized scores for each
biological response measured and each time slot. The output will be a total integer score of the
synchrony of response across subjects in time windows of W seconds width (this is a variable
parameter that depends on the stimulus). In accordance with the invention, the synchrony of a
given response is determined by evaluating the rate of change of the response in a given time
window or slot over the period of exposure for each participant in the test audience.

The synchrony scro can be calculated according to the following steps. Step 1: Following
a noise reduction process for each input channel, create a sliding window of variable width
moving forward in time increments that are smaller than the window size. Step 2: In each
window, for each participant, compute the first derivative of one or more of the response
endpoints. Step 3: Across all participants, calculate the mean (i) and the standard deviation (o)
of the rate of change in each window. Step 4: From the above compute a score =-In | ¢ - pl.
Step 5: Scale the resultant score so that all numbers are between 0 and 100. Step 7: Compute the
windowed scores commensurate with the intensity score windows by averaging the sliding scores
into sequential windows of variable length time-locked to the media stimulus. The score thus

created is the synchrony score per unit time or per time slot.

Engagement Score

The intensity and synchrony scores may be added together to compute the moment-to-
moment engagement score per unit time or per time slot. Depending on the nature of the test
presentation and the test audience, one of the intensity and synchrony scores may be weighted
relative to other. For example, for some tests it may be preferred to identify the most extreme
responses and thus intensity would be weighted more heavily. Alternatively, different functions
can be used to determine different forms of the engagement score. For example, multiplying
intensity by synchrony creates exaggerated graphs more readable and usable in some situations
such as when evaluating multiple hours of trial testimony, it may be useful to identify the most
extreme examples of engagement.

Figures 4A and 4B show two examples of a measure of engagement determined in
accordance with the invention. The diagrams were generated from a sample population audience

of 20 males. Figure 4A shows a measure or pattern of engagement for a 30 second commerncial,
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the time period is divided into six 5 second time slots and an engagement value from 40 to 100 is
determined for each time slot. As the diagram in Figure 4A shows, the pattern of engagement
increases with time. Figure 4B shows a measure or pattern of engagement for a 60 second
commercial, the time period is divided into twelve 5 second time slots and an engagement value
from 40 to 100 is determined for each time slot. The commercial of Figure 4A had three times
the number of viewers who did not change the channel as compared to the commercial of Figure

4B.

Predictive Modeling

The system can further include a database of audience engagement to a variety of historic
media or other relevant stimuli or experiences that when combined with
demogfaphic/psychographic prophiles and other data relevant to the test content that allows for a
prediction of the relative success of that content in a similar population. After testing an
audience, various forms of the output from the described method can be used to estimate the
likelihood of the success of the sensory stimulus in achieving its goal. The statistical analyses for
creating predictive models can include, but are not limited to, variables related to the product or
the content itself, the price of sale or cost of productiori of the product or content, the place of
purchase or medium of experience, the cost of promotion, and/or the characteristics of the
audience. For example, factors included in a model for the television industry may include but
are not limited to: a) number of viewers per time slot, b) ratings of the lead-in show, c) ratings of
the following show, d) mean ratings for the type of show, €) lead actor/actress popularity rating,
f) time of year, g) advertising revenue, h) promotional budget for the show, and/or 1) popularity
of the network. Other factors may include but are not limited to characteristics of the target
audience such as: a) reported liking of the show, b) psychographic characteristics (e.g.,
introversion vs. extroversion), ¢) demographic characteristics, and/or d) ability to recall or
recognize elements of the show. Indicators of success can include but are not limited to how
likely a population with similar characteristics is to watch the television show outside of a testing
theater and/or how likely a population with similar characteristics will remember and/or purchase
the products being advertised. Preferably, the more people tested (the larger the sample

population) and the better characterized the population, the more likely that the model can be an

21



10

15

20

25

30

WO 2008/030493 PCT/US2007/019398

accurate predictor of a larger population response. The preferred predictor model can include,
but is not limited to, any of the following statistical methods: a) mixed media models, b)
traditional multivariate analyses, c) hierarchical linear modeling, d) machine learning, €)

regression analyses, f) Bayesian shrinkage estimators, and/or g) cluster and factor analyses.

FIGURE 2A shows a schematic diagram 200 of a second embodiment of the system
according to the invention. In this embodiment, the media stimulus is presented via
commercially available video signals 22, such as the cable TV signal and plugs into the STB
22A. In turn, the STB 22A enables programs to be displayed on the media device 24 such as a
TV monitor, computer, stereo, etc. In this system, a participant 30 in viewing distance wearing a
wireless biological sensor package in an unobtrusive form factor like-a bracelet 32 interacts with
the media device. As long as that person is in basic viewing distance, the sensor receiver 26,
which can be a separate unit or built into the STB 22, will receive information about that
participant. The system 200 can time-stamp the biological responses along with the unique
identifier of that participant. This data can be time-stamped against the programming currently
being played by the participant. This information can be sent back to a central database 216 via a
transmission network 28 such as an internet connection, pager, or cellular network. The data can
be combined with demographic, household, family, community, location and any other type of
information potentially relevant to the end-user and processed by software using the scoring
algorithm described in this application to calculate the moment-to-moment pattern of
engagement and compared to a database of other audience responses to the same or similar media
test stimulus 36 and processed using the engagement score and/or predictive models as described
above and delivered to a user-interface (11) to generate reports for distribution.

FIGURE 2B shows a flow diagram 210 of the in-home compliance algorithm to improve
usage of the in-home embodiment of this invention. In a household where this system can be set
up, compliance can be dealt with by controlling the ability to change programming on the media
device being used. The STB 22A can be programmed such that it will not function (partially or
completely) if the sensor device is not being worn and is not active. If the sensors are being worn
or charging, the STB can be programmed to work. If, however, the sensors are not being worn

and are fully charged, the STB can be programmed not to respond fully or partially. In a partial
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functionality mode, only certain stations may be available, for example, public access and
emergency stations. The flow chart 210 of the operation involves a receiver 26 that checks 44 to
see if it is getting a signal 42 from the sensor or sensors, which is only possible if the sensor is
activated and is being worn. If the receiver is getting a signal, it waits a set amount of time
before starting over 46. If it does not receive a signal, the system checks whether a sensor device
is being charged in the attached cradle 48. If so and the battery is not full, it also waits a set
interval before checking again 50. If, however, the sensor is not active, not charging or fully
charged and not being used, the STB can become inactive until the next check shows a change
52. ‘

FIGURE 2C shows one aspect of the in-home system, i.e., its ability to identify who in a
given household is actually watching. The wireless technology involved in connecting the sensor
with the receiver sends out a unique identifier. This identifier will be related to the data sent out
in order to identify the source of the biometric data and link it to the current media stimulus.
Anyone wearing a sensor but not in the defined wireless range from the receiver will not have
their information tracked while outside of that range. The system will wait for a period time 68 if
no wireless signal is received. If they are in the range of another receiver 62 (and STB 26) and
the signal is received 62, however, their information can be tracked by that system. The flow
chart 220 involves a wireless technology 26 (e.g., Bluetooth) that is used to connect the sensor
device to the receiver or STB 22A. Wireless communications can be used to establish a
connection 66 and transfer data between the receiver (not shown) and the STB 22A as well as to
transfer data needed to determine compliance above. Once a participant is identified,
information regarding that participant is collected and sent 70 to the database (DB) and processed
as above 74 to generate reports for distribution.

FIGURE 3 shows a schematic diagram of the third embodiment of the system 300
according to the invention. In this embodiment, the sensory stimulus can be a live person 310
and the system and method of the invention can be applied to a social interaction that can
include, but is not limited to live focus group interactions, live presentations to a jury during a
pre-trial or mock-trial, an interview-interviewee interaction, a teacher to a student or group of
students, a patient-doctor interaction, a dating interaction or some other social interaction. The

social interaction can be monitored for each individual 312 participants biologically based
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responses time-locked to each other using a biological monitoring system 312A. An optional

audio-video camera or other monitoring device can be focused on the audience 314 to monitor

facial responses and/or eye-tracking fixation duration and location. The data-sources can be

time-locked to each other and sent to a computer data processing device 316. The data

processing device 316 can run software that includes the scoring algorithm to calculate the

moment-to-moment pattern of engagement and compare it to a database of other audience

responses to the same or similar media test stimulus and deliver the results to a user-interface

318. The results can be processed in a predictor model as described above and interpreted and

collected into a report 320 for distribution.

The algorithm can be either presented alone or plugged into a model of the relevant industry.

Taking television pilot testing as an example, the model can include factors such as:

1.

Y o N AR W

Typical viewers per timeslot

The ratings of the lead-in show

The ratings of the following show

Average ratings per genre

Actor popularity - QRating

Ratings of shows competing in the timeslot
Time of year

Promotional budget for the show

Demographics of the network

An example from advertising can include all of these variables but may add:

hall

Flighting/repetition
Length of segment
Audience target

Demographics of the containing program

Other embodiments are within the scope and spirit of the invention. For example, due to
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the nature of the scoring algorithm, functions described above can be implemented and/or
automated using software, hardware, firmware, hardwiring, or combinations of any of these.
Features implementing functions may also be physically located at various positions, including
being distributed such that portions of functions are implemented at different physical locations.
Further, while the description above refers to the invention, the description may include

more than one invention.
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CLAIMS

1. A method of determining a measure of engagement of an audience for a presentation
providing a sensory stimulus comprising:

exposing the audience to the presentation over a period of time, wherein said period of
time 1s divided into two or more time slots;

for each member of said sample population, meésun’ng a plurality of biologically based
responses to said presentation;

for each time slot, determining at least one intensity value as a function of at least one of
the measured biologically based responses,

for each time slot, determining at least one synchrony value as a function of a rate of
change of at least one of the measured biologically based responses; and

for each time slot, determining at least one engagement value as a function of at least one

of said intensity values and at least one synchrony value.

2. © A method according to claim 2 further comprising:

comparing said at least one engagement value to an engagement value stored in a
database corresponding to a second presentation; and

indicating that said presentation is similar to said second presentation based on the

comparison.
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3. A method according to claim 1 wherein said biologically based responses are chosen
from a group of responses including heart rate, skin conductance, respiration rate, respiration

state, motion, and eye tracking.

4. A method according to claim 1 wherein determining said at least one intensity value
includes determining a standardized score as a function of at least one of a peak value, a trough
value, a median value, an average value and a rate of change value of at least one of the

biologically based responses.

5. A method according to claim 1 wherein determining said at least one synchrony value
includes determining a variance of a rate of change value of at least one of the biologically based

responses over at least a portion of the audience.

6. A computerized system for determining measure of engagement of an audience for a
presentation providing a sensory stimulus, the system comprising:

a plurality of sensors, each adapted for measuring a biologically based response to the
presentation over a period; the time period being divided into two or more time slots;

a computer processing system adapted for receiving data relating to the presentation and
data from the plurality of sensors providing a measure of at least one biologically based response
to the presentation;

an intensity processing module adapted fordetermining, for each time slot, at least one

intensity value as a function of at least one of the measured biologically based responses;
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a snychrony processing module adapted fordetermining, for each time slot, at least one
synchrony value as a function of at least one of the measured biologically based responses; and

an engagment processing module adapted fordetermining, for each time slot, at least one
engagement value as a function of said at least one intensity value and said at least one synchrony

value.

7. A system according to claim 6 further comprising:

a comparison module adapted for comparing said at least one engagement value to an
engagement value stored in a database corresponding to a second presentation; and

an indicator adapted for indicating that said presentation is similar to said second

presentation based on the comparison.

8. A system according to claim 6 wherein said biologically based responses are chosen from
a group of responses including heart rate, skin conductance, respiration rate, respiration state,

motion, and eye tracking.

9. A system according to claim 6 wherein said intensity processing module is adapted for
determining the intensity value as a function of a standardized score and the standardized score is
determined as a function of at least one of a peak value, a trough value, a median value, an

average value and a rate of change value of at least one of the biologically based responses.

10. A system according to claim 6 wherein said synchrony processing module is adapted for
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determining the synchrony value as a function of a variance of a rate of change value of at least

one of the biologically based responses over at least a portion of the audience.
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