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(57) ABSTRACT

The present invention is directed to a method and system for
predicting the behavior of an audience based on the biologi-
cally based responses of the audience to a presentation that
provides a sensory stimulating experience and determining a
measure of the level and pattern of engagement of that audi-
ence to the presentation. In particular, the invention is
directed to a method and system for predicting whether an
audience is likely to view a presentation in its entirety. In
addition, the present invention may be used to determine the
point at which an audience is likely to change their attention
to an alternative sensory stimulating experience including
fast forwarding through recorded content, changing the chan-
nel or leaving the room when viewing live content, or other-
wise redirecting their engagement from the sensory stimulat-
ing experience.
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METHOD AND SYSTEM FOR PREDICTING
AUDIENCE VIEWING BEHAVIOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 11/850,650, filed Sep. 5, 2007,
now pending. This application claims any and all benefits as
provided by law of U.S. Provisional Application No. 61/164,
892, filed Mar. 30, 2009. The entire disclosures of these
applications are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention is directed to a method and
system for predicting audience viewing behavior of media
content including live and recorded presentations, commer-
cials, and show segments on various platforms such as tele-
vision, internet, and handheld devices. In particular, the
method and system generally involves a) exposing a sample
population audience to media content (the sensory stimulat-
ing experience), b) evaluating the audience’s experience by
measuring the biologically based responses of the audience to
the media content and determining a measure of the level and
pattern of intensity, synchrony and engagement of that audi-
ence to the media content, and ¢) predicting whether an audi-
ence member is likely to change their attention to an alterna-
tive sensory stimulating experience including fast forwarding
through recorded content, changing the channel or leaving the
room when viewing live content, or otherwise redirecting
their engagement from the sensory stimulating experience.

BACKGROUND OF THE INVENTION

[0003] 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 state, blood
pressure, and skin conductance).

[0004] A commonly used approach in making measure-
ments for evaluating these presentations is that of interroga-
tion, wherein the television/media viewer and/or Internet user
and/or game player is asked to identify himself or herselfas a
member of the television/media audience or as an Internet
user or as a game player. In connection with television view-
ing, this inquiry is usually done by means of an electronic
prompting and data input device (for example, as in a Portable
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 monitor-
ing 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.
[0005] 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 per-
son and suffer low compliance, while digital monitoring of
cable and internet signals cannot identify which household
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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 valuable data, they are highly error prone and
cannot track the moment-to-moment responses to media con-
sumption.

[0006] Accordingly, a method and system of objectively
monitoring audience’s emotional reactions (engagement) to
various forms and lengths of media would be advantageous.
In addition, based on the technological advances in the realm
of digital video recording, it would be beneficial to employ
such a method and system in order to obtain an indication as
to whether the intended audience will fast forward through a
commercial if given the opportunity.

SUMMARY OF THE INVENTION

[0007] Historically, biologically based testing focuses on
using one or two physiological responses (e.g., heart rate or
electroencephaolography) to determining the specific emo-
tion elicited in response to a particular stimulus, such as
advertising media, be it a photograph, a print ad, or a televi-
sion 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, itis 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.

[0008] The present invention relates to a system and
method for use in the field of audience measurement. Specifi-
cally, the invention is directed to a method and system for
recording the biologically based audience responses to a pre-
sentation (for example, a live or recorded, passive or interac-
tive audio, visual, audio-visual presentation) and for deter-
mining 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 engage-
ment of the audience when combined with eye-tracking tech-
nology 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 presen-
tation. This can be accomplished via predictive models for
comparing, for example, the measure of intensity, synchrony
or engagement of known successful presentations to the mea-
sure of engagement for an unknown or not previously evalu-
ated presentation for a sample population (representative
audience).

[0009] 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.
[0010] Inaccordance with one embodiment, a sample audi-
ence of 2 or more people is presented with a piece of content
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(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.

[0011] Biometric response data can be gathered via a multi-
sensor wearable body monitoring device that enables con-
tinuous 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.

[0012] The content that is presented to the audience as part
of the presentation can include, but is not limited to, photo-
graphs, 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.

[0013] In accordance with the invention, the response data
can be collected individually, in a small group, or large group
environment and be noninvasive (all sensors can be external).

[0014] 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 mem-
bers in time-locked correspondence to the viewed content or
presentation. Thus, for a given piece of content or a presen-
tation 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 view-
ing the same content several times, such as over the course of
several days.

[0015] In one embodiment, a system according to the
invention can help content creators, distributors and market-
ers gain an objective view of how their audiences will respond
to their content.

[0016] 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 by household members, which members are
viewing and exactly which segments those members are
watching.

[0017] To members of the household, they can control their
media in the same way as before. For them, the main differ-
ence 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 can
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.

[0018] Inoneembodiment, 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’ iden-

Aug. 19,2010

tification plus information about the current media being
consumed. This data can be packaged together in a database
and served in real time.

[0019] Inone embodiment of the system, to address com-
pliance issues, users will not be able to change the channel
unless they are wearing a functioning sensor device or charg-
ing a discharged unit in the outlet/dock attached to the STB or
receiver.

[0020] This system according to the invention can be used
by presentation and content creators to evaluate their pro-
gramming before widely distributing it. For example, they
can use the system to evaluate a sample audience by “push-
ing” the video and audio they want evaluated directly to a
sample audience member’s home entertainment systems or
computer.

[0021] The present invention is directed toward a method
for predicting viewership of a content stimulus. The content
stimulus can take many forms including, but not limited to,
show segments, presentations, commercials, and combina-
tions thereof.

[0022] The method comprises a series of steps comprising:
dividing the content stimulus into a preset number of inter-
vals, obtaining an engagement score for each interval of the
content stimulus based on the biometrics of an audience,
using the engagement score to determine at least one metric,
and predicting viewership based on the at least one metric.
[0023] In one embodiment, the metric may be negative
buildup, positive buildup, average engagement score, maxi-
mum engagement score, and/or combinations thereof. In
another embodiment, at least two metrics may be used to
predict viewership.

[0024] According to one aspect of the invention, the
engagement score is obtained by exposing the audience to the
content stimulus over a period of time, wherein the period of
time is divided into at least two intervals. Next, at least one
biologically based response to the content stimulus for each
member of the sample population is measured. The biologi-
cally based response may include at least one of heart rate,
skin conductance, respiration state, motion, and eye tracking.
An intensity value is determined as a function of at least one
of the measured biologically based responses for each inter-
val. A synchrony value is determined as a function of a rate of
change of at least one of the measured biologically based
responses for each interval. Finally, the engagement score is
determined for each interval as a function of the intensity
value and the synchrony value.

[0025] In one embodiment, the positive buildup may be
determined by using the engagement scores for a content
stimulus by: setting at least one threshold value, dividing the
engagement curve into ascending segments defined by inter-
vals that the engagement value remains relatively constant or
increases, computing the area above the threshold value for
each such ascending segment, summing the areas, and divid-
ing the sum by the duration of the content.

[0026] According to another aspect of the invention, the
negative buildup may be determined by using the engagement
scores for a content stimulus by: setting at least one threshold
value, dividing the engagement curve into descending seg-
ments defined by intervals that the engagement value remains
relatively constant or decreases, computing the area below the
threshold value for each such descending segment, summing
the areas, and dividing the sum by the duration of the content.
[0027] In one embodiment, the viewership of the content
stimulus may be predicted by using predetermined correla-
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tions between the metric and actual viewership data previ-
ously collected. In another embodiment, at least one metric
may be used to predict whether a viewer will watch the
entirety of the content stimulus when the content stimulus is
previously recorded. In another embodiment, at least one
metric may be used to predict whether a viewer will watch the
entirety of the content stimulus when the content stimulus is
presented live.

[0028] The present invention is also directed toward a com-
puterized system for predicting viewership of a content
stimulus. The system may include a plurality of sensors, each
adapted for measuring a biologically based response to the
content stimulus over a period of two or more time intervals.
In addition, the system may include a computer processing
system adapted for receiving data relating to the content
stimulus and data from the plurality of sensors providing a
measure of at least one biologically based response to the
content stimulus. Further, the system may include an intensity
processing module adapted for determining, for each time
interval, at least one intensity value as a function of at least
one of the measured biologically based responses. In addi-
tion, a synchrony processing module adapted for determin-
ing, for each time interval, at least one synchrony value as a
function of at least one of the measured biologically based
responses may be included. The system may also include an
engagement processing module adapted for determining, for
each time interval, at least one engagement value as a function
of the at least one intensity value and the at least one syn-
chrony value, and at least one metric selected from the groups
consisting of negative buildup, positive buildup, average
engagement score, and maximum engagement score.

[0029] Inoneembodiment, the system also includes a com-
parison module adapted for comparing at least one engage-
ment value to an engagement value stored in a database cor-
responding to a second content stimulus, and an indicator
adapted for indicating that the content stimulus is similar to
the second content stimulus based on the comparison.
[0030] According to one aspect of the invention, the bio-
logically based responses are chosen from the group consist-
ing of heart rate, skin conductance, respiration state, motion,
and eye tracking.

[0031] In one embodiment, the intensity processing mod-
ule is adapted for determining the intensity value as a function
of a standardized score. 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.

[0032] Inone embodiment, the synchrony processing mod-
ule is adapted for determining the synchrony value as a func-
tionofa variance of a rate of change value of at least one of the
biologically based responses over at least a portion of the
audience.

[0033] The present invention is also directed to a method of
validating metrics associated with viewership of a content
stimulus. The method includes: exposing the audience to the
content stimulus over a period of time divided into at least two
intervals, measuring at least one biologically based response
to the content stimulus for each member of the sample popu-
lation, determining at least one intensity value as a function of
at least one of the measured biologically based responses for
each interval, determining at least one synchrony value as a
function of a rate of change of at least one of the measured
biologically based responses for each interval, determining at
least one engagement score for each interval as a function of
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at least one of the intensity values and at least one synchrony
value, using the engagement score to determine engagement
metrics comprising negative buildup, positive buildup, aver-
age engagement score, and maximum engagement score, nor-
malizing the data, and determining correlations between the
engagement metrics and commercially available viewership
retention numbers.

[0034] According to one aspect of the invention the step of
measuring at least one biologically based response comprises
measuring at least one of heart rate, skin conductance, respi-
ration rate, respiration state, motion, and eye tracking.
[0035] In one embodiment, the step of using the engage-
ment score to determine engagement metrics comprises
determining the negative buildup by: setting at least one
threshold value, dividing the curve into descending segments
defined by intervals that the engagement value remains con-
stant or decreases, computing the area below the threshold
value for each such ascending segment, summing the areas,
and dividing the sum by the duration of the content.

[0036] In another embodiment, the step of using the
engagement score to determine engagement metrics com-
prises determining the positive buildup by: setting at least one
threshold value, dividing the curve into ascending segments
defined by intervals that the engagement value remains con-
stant or increases, computing the area above the threshold
value for each such ascending segment, summing the areas,
and dividing the sum by the duration of the content.

[0037] 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

[0038] Further features and advantages of the invention can
be ascertained from the following detailed description that is
provided in connection with the drawing(s) described below:
[0039] FIG.1 isaschematic diagram of a system according
to the invention for audience measurement in a test theater.
[0040] FIG.2A is a schematic diagram of a second embodi-
ment of the system according to the invention for audience
measurement in the home.

[0041] FIG. 2B is a flow diagram of the in-home compli-
ance algorithm for the second embodiment.

[0042] FIG. 2C is a flow diagram of one aspect of the
in-home system, its ability to identify who in a given house-
hold is actually experiencing media.

[0043] FIG. 3 is a schematic diagram of the third embodi-
ment of the system according to the invention for monitoring
levels of engagement during social interaction.

[0044] FIG. 4A shows an engagement pattern for a 30 sec-
ond commercial according to the invention and

[0045] FIG. 4B shows an engagement pattern for a 60 sec-
ond commercial according to the invention.

[0046] FIG. 5 shows an engagement pattern for a35 second
commercial according to the invention.

[0047] FIG. 6 shows an engagement pattern for a35 second
commercial according to the invention.

[0048] FIG. 7 shows the correlation between negative
buildup and commercially obtainable viewership retention
data.

[0049] FIG. 8 shows the correlation between average
engagement and commercially obtainable viewership reten-
tion data.
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[0050] FIG. 9 shows the correlation between maximum
engagement and commercially obtainable viewership reten-
tion data.

DETAILED DESCRIPTION OF THE INVENTION

[0051] 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 stimu-
lating experience. Methods and systems according to the
invention determine a measure of the level and pattern of
intensity, synchrony and engagement of the sensory stimulat-
ing 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.
Once the overall level of engagement is obtained, a prediction
as to whether a person will act on an opportunity to bypass
exposure (in part or whole) to the sensory stimulus can be
provided. Furthermore, the invention can be used to deter-
mine whether the presentation is more effective with a popu-
lation relative to other presentations and other populations
and to help identify elements of the presentation that contrib-
ute to the high level of engagement and the effectiveness and
success of the presentation.

[0052] 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
aproduct, 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.

[0053] 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 pas-
sively such as on television or radio, or presented in an inter-
active environment such as in a video game or interne expe-
rience. The sensory stimuli can be pre-recorded or presented
live such as in 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).
[0054] Scientific research over the last two decades sug-
gests that a person’s responses to experiences are critical for
the depth of processing ofthe content. The level of processing
in turn affects the impact the content can have on the target
audience and the ability to produce an attitudinal or behav-
ioral 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 limited 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).

[0055] 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
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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 persuad-
ing 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, demo-
graphic 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,
purchasing activity, or social conduct.

[0056] Biologically based responses to passive and inter-
active 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 prod-
ucts and new technologies on the market that allow continu-
ous 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 Calif.) 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 (Body-
Media, 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 unobtru-
sive 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 trig-
gering the response.

[0057] 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 con-
tent in a target audience as a whole. Rather than use individual
biological responses to identify individual emotions in indi-
vidual participants, the present invention is directed to meth-
ods 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 presen-
tation that provides a sensory stimulating experience.

[0058] The present invention is directed to a method and
system for collecting data representative of various biologi-
cally 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 pic-
tures, 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 performance. The presenta-
tion can be passive, where the audience experiences the pre-
sentation 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
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form of activity (e.g., live roller coaster ride, simulated roller
coaster ride, an interactive session via the internet, a focus
group).

[0059] 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 mea-
sure 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.

[0060] Inaccordance 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 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 cor-
responding 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 mea-
sured 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 func-
tion of the inverse of the variance for the measured biologi-
cally based responses of the sample population for acommon
time slot. The measure of engagement can be determined by
combining the measure of intensity and the measure of syn-
chrony 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.

[0061] The system can include three time-locked or syn-
chronized 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 fixa-
tion 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.
[0062] 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, mea-
sures of facial muscle movement/expression, eye-tracking
and other biologically based signals such as body tempera-
ture, near body temperature, facial and body thermography
imaging, facial EMG, EEG, fMRI and the like. The presen-
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tation content can include, but is not limited to, passive and
interactive television, radio, movies, internet, gaming, and
print entertainment and educational 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 auto-
matically 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.

[0063] 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 process-
ing. 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.

[0064] The system can provide an objective view of how an
audience will respond to a presentation. The system can fur-
ther include a database of biologically based audience
responses, response patterns and audience engagement pat-
terns 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.

[0065] 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:

[0066] 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 spe-
cific time slots;

[0067] 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;

[0068] 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;

[0069] 4.Determining a standardized score per time slot for
each biological measure;

[0070] 5. Combining the standardized score per time slot
across the sample population using one or more of the stan-
dardized scores for one or more of the biological measures to
create a measure of intensity. Preferably, more than one bio-
logical measure is used with at least one biological measure
being weighted differently than other biological measures,
depending on the sample population and presentation or con-
tent;

[0071] 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;

[0072] 7.Combining the measure of intensity and the mea-
sure of synchrony to create an overall measure of engagement
per unit time. Preferably, either the measure of intensity or the
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measure of synchrony can be weighted differently, depending
on the sample population and the presentation or content;
[0073] 8. Standardizing the resulting measure of engage-
ment per time slot to a set number of individuals (sample
population size) for comparison with other tests in other
populations of various sizes.

[0074] 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 profile or from a
broadly defined demographic/pyschographic profile 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 process-
ing. 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 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.
[0075] Inaccordance with another embodiment, participat-
ing 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 infor-
mation about the participant.

[0076] In this regard, the system would include a technol-
ogy that could determine the distance from the media stimu-
lus such as distance measurement via technologies like infra-
red, global positioning satellite, radar or through the
acquisition of a signal between two objects, such as the tele-
vision or computer and participant using technologies with a
known range of operation (e.g., WiFi, Zigbee, RFID, or Blue-
tooth) and/or the direction of the participant eye-gaze (e.g.,
using eye-tracking technology). In a variant of this embodi-
ment, 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 profile or pre-deter-
mined level or pattern of engagement. As in prior embodi-
ments, the system can record the time-locked data streams,
calculate the moment-to-moment level of engagement rela-
tive to that person, and compare the pattern of engagement to
a database of similar individual experiences.

[0077] In accordance with another embodiment, the pre-
sentation that provides that sensory stimulus can be a live
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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 inter-
action 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 engage-
ment, and similar to the other embodiments, compare the
pattern of engagement to a database of similar social interac-
tions to make an estimate of the response pattern relative to
other response patterns for that type of social interaction.
[0078] The present invention relates to a system and
method for use in the field of audience measurement. A sys-
tem is described for recording the biologically based audi-
ence 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 audi-
ence responses to calculate a pattern of intensity, synchrony
and engagement measures. The method can involve the con-
version of the biological responses of a plurality of partici-
pants into standardized scores per unit time, per event, or
aggregated over time/events that can be aggregated across the
sample population audience. The system determines the
intensity and synchrony of the moment-to-moment and over-
all experience for the sample population audience. The stan-
dardized intensity and synchrony scores can be combined to
create an overall measure of audience engagement. The mea-
sure of engagement represents an objective measure of the
experience of a defined audience segment based on a plurality
of biologically based measures.

[0079] The measure of engagement is determined from two
components which are determined from the plurality of bio-
logically 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 pre-
sentation (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)

[0080] 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.

[0081] FIG. 1 shows a schematic diagram of an embodi-
ment of the system according to the invention. The presenta-
tion is presented to the audience 12 via a display device 10,
such as a video display screen or other commercially avail-
able 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 wear-
able computer device, gaming console, home or portable
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music device or any other device for the presentation of
passive or interactive audio, visual or audio-visual presenta-
tion.

[0082] 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 collection of a plurality of biological
responses time-locked to each other and the test stimulus.
[0083] The system can include a focus and/or facial moni-
toring 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 pro-
cessing device can be a general purpose computer or personal
computer with a processor, memory and software for process-
ing the biological response data and generating the intensity,
synchrony and engagement values.

[0084] The three data sources can be time-locked or syn-
chronized 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 inter-
face 18 can be provided on a desktop or portable computer or
a computer terminal that accesses data processor 16. The user
interface 16 can be a web based user interface or provided by
a dedicated client running on the desktop or portable com-
puter 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 mea-
sured. 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.

[0085] The monitoring device 12A for measuring biologi-
cal responses can be any of a number of commercially avail-
able or other sensors known in the prior art for measuring
such responses. In accordance with the current invention, the
least invasive and obtrusive sensors with the most comfort-
able form factor should be chosen to minimize disruption of
the experience. Preferably, the sensors should allow partici-
pants to experience the test stimulus “as if” they were not
being monitored at all. Form factors include but are not lim-
ited 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 muscula-
ture, motion and position, vocal features, eye-movements,
respiratory states, and brain waves. Multiple combinations of
sensors can be used depending on the sensory stimulus, popu-
lation, and location of the monitoring.
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[0086] An example of a method according to the invention
for determining a measure of engagement can include obtain-
ing any one or all of the following scores and employing
predictive modeling.

Intensity Score

[0087] 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 accom-
plished 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 biologi-
cally based response is assigned to the time slot or window
that corresponds to where one half the rise time of that
response occurs.

[0088] 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 biologi-
cal 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 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 mea-
sured 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 param-
eter (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 inten-
sity 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.

[0089] As aresult, 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.

[0090] 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), televi-
sion shows and movies. In one embodiment, a population
sample can be exposed to one or more known successful
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advertisements (TV shows, movies, or websites) and then the
same or a different population sample can be exposed to anew
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. Fur-
ther, a database of response patterns for different types of
stimuli (advertisements, TV shows, movies, websites, etc.)
could be maintained and analyzed to determine the attributes
of a successful advertisement, TV show, movie, or website.

[0091] Inaccordance with the invention, the data processor
16 can include a synchrony processing module which
receives the N by M matrix of biological response data, cal-
culates 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 rep-
resentative of the synchrony for a given time slot. The data
processor 16 can determine the synchrony of a given biologi-
cal 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 nor-
malized and used to produce a response pattern that indicates
the time-locked synchrony of the response of the population
sample to the stimulus.

[0092] Similarly, the synchrony response map or pattern
can be used to evaluate radio, print and audio-visual adver-
tisements (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.

[0093] The intensity score can be calculated according to
the following steps.

[0094] Step 1: Following a noise reduction process for
each input channel, for each participant, the distribution
of amplitudes of responses including the mean (i) and
standard deviation (o) of responses is calculated over
some baseline period (this is a variable parameter that
depends on the stimulus).

[0095] Step 2: For each participant, the location and tim-
ing 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.

[0096] 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 p for that
channel, score 1 for a response if the amplitude is
between p and p+f-(0), and score 2 for a response if the
amplitude is greater than p+f-(o).

[0097] Step 4: Eachresponse score for each participant is
assigned to a sequential bin of variable length time-
locked to the media stimulus by locating the time of the
f-rise.
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[0098] 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 num-
ber 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.

[0099] Depending on the sensors used and the presentation
being experienced, not all channels will be added to the inten-
sity 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 inten-
sity 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 laugh-
ter, might use stronger weighting towards the respiratory
response.

[0100] Additional methods of determining intensity score
are disclosed in U.S. patent application Ser. No. 12/426,259,
which is hereby incorporated by reference in its entirety.

Synchrony Score

[0101] Synchrony is a measure of the rate of change of a
response by 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
aperiod 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'abiologically based response to a portion of the stimulus or
an event during the presentation by a plurality of audience
members or the population sample.

[0102] In accordance with the invention, the input to the
data processor 16 canbe 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, cal-
culates an inverse variance across the matrix values and deter-
mines 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 sub-
jects 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 deter-
mined 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.

[0103] The synchrony score can be calculated according to
the following steps.

[0104] 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.

[0105] Step 2: In each window, for each participant,
compute the first derivative of one or more of the
response endpoints.
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[0106] Step 3: Across all participants, calculate the mean
(1) and the standard deviation (o) of the rate of change in
each window.

[0107] Step 4: From the above compute a score=—1nlo-
ul.
[0108] Step 5: Scale the resultant score so that all num-

bers are between 0 and 100.

[0109] Step 6: Compute the windowed scores commen-
surate 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 cre-
ated is the synchrony score per unit time or per time slot.

[0110] Additional methods of determining synchrony
score are disclosed in U.S. patent application Ser. No. 12/426,
259, which is hereby incorporated by reference in its entirety.

Engagement Score

[0111] 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 cre-
ates 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.

[0112] FIGS. 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 audi-
ence of 20 males. FIG. 4A shows a measure or pattern of
engagement for a 30 second commercial, 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 FIG. 4A shows, the pattern of engagement
increases with time. FIG. 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 FIG. 4A had three times the number of viewers
who did not change the channel as compared to the commer-
cial of FIG. 4B.

Derived Engagement Metrics

[0113] As discussed above, a measure of engagement (en-
gagement score) of a content stimulus (show segment, com-
mercial, presentation, and/or similar media) may be obtained
by collecting and analyzing the physiological signals of a test
group while watching the content stimulus. In addition, many
engagement metrics may be derived from the engagement
score over the duration of the content.

[0114] The derived metrics may include, but are not limited
to, average engagement, maximum engagement, negative
buildup, and positive buildup. The average engagement is
defined as the sum of the engagement scores for each time
interval divided by the number of time intervals. The maxi-
mum engagement score is defined as the highest engagement
score over the entire duration of the content.
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[0115] The negative buildup is defined as the area of the
engagement curve below a specific threshold value and is
calculated by 1) dividing the engagement curve into
“descending” time intervals (where the engagement score
stays constant or decreases between time intervals), 2) com-
puting the area for each descending time interval below the
threshold value, 3) summing the areas, and 4) dividing the
sum by the overall duration of the content. Segments are
considered to contribute to the descending segment if the
engagement value rises less than 25% of the total decline of
the descending segment.

[0116] Accordingto one aspect of the invention, the thresh-
old value for the negative engagement is at most about 60. In
one embodiment, the threshold value for the negative engage-
ment is set to an engagement score of about 55. In another
embodiment, the threshold value for the negative engagement
is set to an engagement score of about 50 or less.

[0117] The positive buildup is defined as the area of the
engagement curve above a specified threshold value and is
calculated by (1) dividing the curve into “ascending” seg-
ments (where the engagement value remains or increases
between successive time intervals), and (2) computing the
area (above the specified threshold) for each such ascending
curve, (3) summing all such areas, and 4) dividing the sum by
the duration of the content to derive the positive engagement
buildup for the content stimulus. Segments are considered to
contribute to the ascending segment if the engagement value
descends less than 25% of the total rise of the ascending
segment.

[0118] According to one embodiment, the threshold value
for the positive engagement is set to an engagement score of
about 50 or more. In another embodiment, the threshold value
for the positive engagement is set to an engagement score of
about 60. In another embodiment, the threshold value for the
positive engagement is set to an engagement score of about
65.

[0119] When the goal is to predict whether an audience
member is likely to watch an entire presentation of live (non-
recorded) content, the preferred metrics include, but are not
limited to: positive buildup, average engagement score, and
maximum engagement. When assessing whether an audience
or member of the audience is likely to fast-forward through
recorded content, the preferred metrics include, but are not
limited to: negative buildup, average engagement score, and
maximum engagement. However, any of the metrics may be
used to predict an audience member’s behavior.

[0120] In one embodiment, the positive buildup is used to
predict the likelihood that an audience member will be moti-
vated to watch the entirety of the content stimulus. In addi-
tion, a high positive buildup is associated with the likelihood
that the audience member will watch the content again in
other media forms. For example, a commercial with a high
positive buildup shown during a televised sporting event may
also be likely to be seen or discussed in another media forms
such as on a website or other social media.

[0121] In another embodiment, the maximum engagement
score is utilized to determine the success of a particular con-
tent stimulus. For example, a commercial with a high maxi-
mum engagement score generally has a lower likelihood of
being fast-forwarded or disregarded than a commercial with a
lower maximum engagement score. Armed with the maxi-
mum engagement score, an advertiser may rank the potential
success of a commercial before it is aired. In addition, a high
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maximum engagement score is indicative of content that has
an impactful individual moment, which may be used for
branding purposes.

[0122] According to one aspect of the invention, the nega-
tive buildup is used to predict the likelihood that an audience
member will fast-forward through the content stimulus. For
example, a commercial with a high negative buildup is more
likely to be fast forwarded when an audience member is
watching recorded content than a commercial with a low
negative buildup. This information is useful when determin-
ing the order of commercials to be played during a program.
Placing a first commercial with a high negative buildup before
a second commercial with a low negative buildup would be
detrimental to the second commercial’s viewership because
the audience member would likely fast forward through the
first and second commercials.

[0123] In another embodiment, the average engagement
may be used to rank content stimulus. For example, a com-
mercial with a high average engagement may be ranked
higher than a commercial with a low average engagement. In
addition, a high average engagement may be associated with
a decreased likelihood that an audience member will fast-
forward or disregard the content.

[0124] Inone embodiment, one or more of the engagement
metrics are compared to a database of engagement metrics
and ranked accordingly. For example, the maximum engage-
ment for a commercial can be compared to a database of
maximum engagement scores to determine the relative
strength of the commercial. In one embodiment, the maxi-
mum engagement is given a percentile ranking based on a
database of maximum engagement scores. Although maxi-
mum engagement is discussed, any of the engagement met-
rics may be used to determine the relative strength of the
content stimulus.

[0125] In another embodiment, a plurality of content
stimuli are presented and ranked in order by the value of one
or more engagement metrics. For example, three commer-
cials may be presented to an audience. Once the engagement
metrics for each commercial are calculated as described
above, the commercials may be ranked in order of the values
for a specific engagement metric. The commercial with the
highest maximum engagement is ranked first, and the lowest
maximum engagement is ranked third. Although maximum
engagement is discussed, any of the engagement metrics may
be used to determine the relative strength of the content
stimulus.

Comparison to Known Viewership Retention Numbers

[0126] The metrics described above may be compared with
available viewer data from a data collection service. There are
many sources of data relating to viewing statistics for both
live and recorded viewership. For example, TiVo™ offers a
ratings service called StopWatch™, which provides viewing
statistics for a random sample of 100,000 subscribers.

[0127] Once obtained, the metrics can be compared against
known viewership numbers to determine the degree of corre-
lation. For example, using viewership retention numbers
from a commercial source, such as Tivo™, the engagement
metrics can be correlated to the viewership retention data. The
viewership retention data is only useful for determining that
an audience member fast-forwarded or otherwise disregarded
the content. However, from the engagement metrics, a deter-
mination can be made as to what caused the user to disregard
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the content. In other words, the engagement metrics help to
determine the why the audience behavior occurred.

[0128] The correlations between viewership retention and
average engagement, maximum engagement, and negative
buildup are effective in predicting the likelihood of a viewer
watching the entire content after watching a minimum of
three seconds of the commercial or show segment. As shown
in FIGS. 7-9, the engagement metrics are closely correlated to
the known retention numbers for various points in a televised
program.

[0129] For example, FIG. 7 shows the correlation between
normalized negative buildup and the viewership retention
data obtained from a commercial source. FIG. 8 demonstrates
the close correlation between average engagement and view-
ership retention data. FIG. 9 shows the correlation between
the maximum engagement and the viewership retention data.

Predictive Modeling

[0130] The system can further include a database of audi-
ence engagement to a variety of historic media or other rel-
evant stimuli or experiences that when combined with demo-
graphic/psychographic profiles 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 audi-
ence, 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 production 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 indus-
try 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, e) lead
actor/actress popularity rating, f) time of year, g) advertising
revenue, h) promotional budget for the show, and/or 1) popu-
larity 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 charac-
teristics, 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 accurate predictor of a
larger population response. The preferred predictor model
can include, but is not limited to, any of the following statis-
tical methods: a) mixed media models, b) traditional multi-
variate analyses, c) hierarchical linear modeling, d) machine
learning, e) regression analyses, f) Bayesian shrinkage esti-
mators, and/or g) cluster and factor analyses.

[0131] FIG.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 commer-
cially 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 suchasa TV
monitor, computer, stereo, etc. In this system, a participant 30
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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 informa-
tion 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-mo-
ment 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.

[0132] FIG. 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 con-
trolling 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 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 inac-
tive until the next check shows a change 52.

[0133] FIG. 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 con-
nect 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 compli-
ance above. Once a participant is identified, information
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regarding that participant is collected and sent 70 to the data-
base (DB) and processed as above 74 to generate reports for
distribution.

[0134] FIG. 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 responses
time-locked to each other using a biological monitoring sys-
tem 312A. An optional audio-video camera or other monitor-
ing 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 pat-
tern 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.
[0135] The algorithm can be either presented alone or
plugged into a model of the relevant industry. Taking televi-
sion pilot testing as an example, the model can include factors
such as:

[0136] 1. Typical viewers per timeslot

[0137] 2. The ratings of the lead-in show

[0138] 3. The ratings of the following show

[0139] 4. Average ratings per genre

[0140] 5. Actor popularity—QRating

[0141] 6. Ratings of shows competing in the timeslot
[0142] 7. Time of year

[0143] 8. Promotional budget for the show

[0144] 9. Demographics of the network

An example from advertising can include all of these vari-
ables but may add:

[0145] 1. Flighting/repetition

[0146] 2. Length of segment

[0147] 3. Audience target

[0148] 4. Demographics of the containing program
EXAMPLES

[0149] The following non-limiting examples are merely

illustrative of the preferred embodiments of the present inven-
tion, and are not to be construed as limiting the invention, the
scope of which is defined by the appended claims.

Example 1

[0150] Engagement metrics are obtained by measuring bio-
logically-based signals. In particular, once the intensity and
synchrony scores are obtained as discussed above, the
engagement score is obtained in 5-second intervals. The
engagement score is averaged over the entire content, minus
the first 5-second interval to account for context effects, to
obtain the average engagement. The maximum engagement
is obtained by reviewing the engagement scores over the
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entire duration of the content and ascertaining the highest
level of engagement, excluding the first 5-second interval to
account for context effects.

[0151] FIG. 5 shows an engagement curve or engagement
pattern for a 35 second content stimulus. In this case, the
content stimulus is a commercial. The X-axis represents time
in seconds, and the Y-axis represents the engagement score.
[0152] A threshold value of 50 is used for the purposes of
this example. The positive buildup is calculated by identify-
ing ascending segments. As shown in FIG. 5, the first ascend-
ing segment is from 5 s to 15 s. The engagement at 20 s drops
well below the peak at 15 s, which excludes the segment from
15 s to 20 s as an ascending segment. The second ascending
segment is from 20 to 30 s. In this example, the 30 s value is
lower than that at 25 s; however, the drop in engagement score
of (80-78)=2 is less than 25% of the total rise in the segment
(80-60), which is 0.25%20=5 pts. Thus, the point “78” is
considered a part ofthe ascending segment. However, the area
above the descending portion of the segment (from 25 s to 30
s) and below the maximum (80) of the segment will be sub-
tracted from the total.

[0153] Next, the areas above the threshold value of 50 for
the ascending segments are calculated. The area in ascending
segment 1=(70-50)*(15-5)/2=100. The area of ascending
segment 2=(80-60)*(25-20)/2+(80-60)*(30-25)—(80-78)*
(30-25)/2+10*10=245. Then, the ascending segment areas
are summed as follows: 100+245=345. Finally, the summed
total is divided by the duration of the content to calculate the
positive build up above the threshold value of 50 as 345/35=9.
86.

[0154] To compute positive buildup above threshold 60,
only the areas above 60 would be determined. The areas will
then be modified as follows:

[0155] Area in ascending segment 1=(70-60)*5/2=25
[0156] Area in ascending segment 2=(80-60)*(25-20)/2+
(80-60)*(30-25)-(80-78)*(30-25)/2=145.

[0157] Thus, the positive buildup above a threshold value of
60=(145+25)/35=4.86

Example 2

[0158] FIG. 6 shows the engagement curve or engagement
pattern for a 35 s commercial. As in FIG. 5, the X-axis
represents time in seconds, and the Y-axis represents the
engagement values for commercial.

[0159] The negative buildup is computed as described
above. First, the descending segments are identified. As
shown in FIG. 6, the descending segments are from 5sto 15
s, and from 20 seconds to 30 seconds. In this example, the 30
s value is higher than that at 25 s; however, the rise in engage-
ment score of (32-30)=2 is less than 25% of the total decline
in the segment (50-30), which is 0.25%20=5 pts. Thus, the
point “32” is considered a part of the descending segment.
However, the area below the ascending portion of the segment
(from 25 s to 30 s) and above the minimum (30) of the
segment will be subtracted from the total.

[0160] Next, the areas of the descending segments below
the threshold value are calculated. For a threshold value of 50,
the area of the first segment below the threshold value is:
(50-40)*5/2=25. The area below the threshold value for the
second segment is: (50-30)*5/2+(50-30)*5-(32-30)*5/2)
=145. The areas are added to give 145+25=170. As shown in
FIG. 6, there is a slight rise from 25 s to 30 s. The Finally, the
sum is divided by the total duration of the content to give the
negative buildup below 50 as: 170/35=4.86.
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[0161] Following the same procedure, the negative buildup
for a threshold value of 60 is and is calculated as follows: The
area for below the threshold value for the first segment is
(60-40)*10/2=100. The area below the threshold value for
the second segment is: (50-30)*5/2+(60-50)*5+(60-30)*5-
(32-30)*5/2)=245. The areas are added to give
245+100=345. Finally, the sum is divided by the total dura-
tion to calculate the negative build up as: 345/35=9.86.
[0162] Other embodiments are within the scope and spirit
ofthe invention. For example, due to the nature of the scoring
algorithm, functions described above can be implemented
and/or automated using software, hardware, firmware, hard-
wiring, or combinations of any of these. Features implement-
ing functions may also be physically located at various posi-
tions, including being distributed such that portions of
functions are implemented at different physical locations.
[0163] Further, while the description above refers to the
invention, the description may include more than one inven-
tion.

We claim:

1. A method for predicting viewership of a content stimulus
comprising:

dividing the content stimulus into a preset number of inter-

vals;

obtaining an engagement score for each interval of the

presentation based on the biometrics of an audience;
using the engagement score to determine at least one metric
selected from the group consisting of negative buildup,
positive buildup, average engagement score, maximum
engagement score, and combinations thereof; and
predicting viewership based on the at least one metric.

2. The method of claim 1 wherein the step of obtaining an
engagement score comprises:

exposing the audience to the content stimulus over a period

of time, wherein the period of time is divided into at least
two intervals;

measuring at least one biologically based response to the

content stimulus for each member of the sample popu-
lation;

determining at least one intensity value as a function of at

least one of the measured biologically based responses
for each interval;
determining at least one synchrony value as a function of a
rate of change of at least one of the measured biologi-
cally based responses for each interval; and

determining at least one engagement score for each interval
as a function of at least one of the intensity values and at
least one synchrony value.

3. The method of claim 2, wherein the step of measuring at
least one biologically based response comprises:

measuring at least one of heart rate, skin conductance,

respiration state, motion, and eye tracking.

4. The method of claim 1, wherein the step of using the
engagement score to determine at least one metric comprises
determining the positive buildup by:

setting at least one threshold value;

dividing the engagement curve into ascending segments

defined by intervals that the engagement value remains
relatively constant or increases;

computing the area above the threshold value for each such

ascending segment;

summing the areas; and

dividing the sum by the duration of the content.

5. The method of claim 1, wherein the step of using the
engagement score to determine at least one metric comprises
determining the negative buildup by:
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setting at least one threshold value;

dividing the engagement curve into descending segments
defined by intervals that the engagement value remains
relatively constant or decreases;

computing the area below the threshold value for each such
descending segment;

summing the areas; and

dividing the sum by the duration of the content.

6. The method of claim 1, wherein the step of predicting
viewership based on the at least one metric further comprises:

predicting viewership of the content stimulus based on
predetermined correlations between the metric and
actual viewership data previously collected.

7. The method of claim 1, wherein the step of predicting
viewership based on the at least one metric further comprises:

determining whether a viewer will watch the entirety of the
content stimulus when the content stimulus is previously
recorded.

8. The method of claim 1, wherein the step of predicting
viewership based on the at least one metric further comprises:

determining whether a viewer will watch the entirety of the
content stimulus when the content stimulus is presented
live.

9. The method of claim 1, wherein content stimulus com-
prises show segments, presentations, commercials, and com-
binations thereof.

10. The method of claim 1, wherein the step of predicting
viewership comprises evaluating at least two metrics selected
from the group consisting of negative buildup, positive
buildup, average engagement score, maximum engagement
score, and combinations thereof.

11. A computerized system for predicting viewership of a
content stimulus comprising:

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

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 content stimulus;

an intensity processing module adapted for determining,
for each time interval, at least one intensity value as a
function of at least one of the measured biologically
based responses;

a synchrony processing module adapted for determining,
for each time interval, at least one synchrony value as a
function of at least one of the measured biologically
based responses; and

an engagement processing module adapted for determin-
ing, for each time interval, at least one engagement value
as a function of the at least one intensity value and the at
least one synchrony value, and at least one metric
selected from the groups consisting of negative buildup,
positive buildup, average engagement score, and maxi-
mum engagement score.

12. The system of claim 11, 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 content stimulus;
and

an indicator adapted for indicating that the content stimu-
lus is similar to the second content stimulus based on the
comparison.

13. The system of claim 11, wherein the biologically based

responses are chosen from the group consisting of heart rate,
skin conductance, respiration state, motion, and eye tracking.
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14. The system of claim 11, wherein the intensity process-
ing 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.

15. The system of claim 11, wherein said synchrony pro-
cessing module is adapted for 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.

16. A method of validating metrics associated with view-
ership of a content stimulus comprising:

exposing the audience to the content stimulus over a period

of time, wherein the period of time is divided into at least
two intervals;

measuring at least one biologically based response to the

content stimulus for each member of the sample popu-
lation;

determining at least one intensity value as a function of at

least one of the measured biologically based responses
for each interval;
determining at least one synchrony value as a function of a
rate of change of at least one of the measured biologi-
cally based responses for each interval; and

determining at least one engagement score for each interval
as a function of at least one of the intensity values and at
least one synchrony value;

using the engagement score to determine engagement met-

rics comprising negative buildup, positive buildup, aver-
age engagement score, and maximum engagement
score;

normalizing the data; and

determining correlations between the engagement metrics

and commercially available viewership retention num-
bers.

17. The method of claim 16, wherein the step of measuring
at least one biologically based response comprises:

measuring at least one of heart rate, skin conductance,

respiration rate, respiration state, motion, and eye track-
ing.

18. The method of claim 16, wherein the step of using the
engagement score to determine engagement metrics com-
prises determining the negative buildup by:

setting at least one threshold value;

dividing the curve into descending segments defined by

intervals that the engagement value remains relatively
constant or decreases;

computing the area below the threshold value for each such

ascending segment;

summing the areas; and

dividing the sum by the duration of the content.

19. The method of claim 16, wherein the step of using the
engagement score to determine engagement metrics com-
prises determining the positive buildup by:

setting at least one threshold value;

dividing the curve into ascending segments defined by

intervals that the engagement value remains relatively
constant or increases;

computing the area above the threshold value for each such

ascending segment;

summing the areas; and

dividing the sum by the duration of the content.
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