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ANNOTATION-INFORMATION ADDING PROGRAM, INFORMATION PROCESSING
APPARATUS, AND ANNOTATION-INFORMATION ADDING METHOD

BACKGROUND
1. Technical Field
The present invention relates to non-transitory computer readable media, information

processing apparatuses, and annotation-information adding methods.

2. Related Art

It has been proposed a method of quality management in human computation (for
example, see, Non Patent Literature 1 (Ohyama, Satoshi. (2014). Quality management in
human computation. Artificial Intelligence, vol. 29, No. 1, 27-33.)).

The method in Non Patent Literature 1 discloses a human computation based on crowd
sourcing in which jobs are offered to persons, results of the jobs are received and the results
are utilized for more large computational processes. Generally, the result obtained from the
offered person (worker) has larger uncertainty than a result from a specific person who is
reliable. So, the method increases accuracy of the results of the respective persons by
employing a method of extracting workers of high ability, a method of evaluating the workers
on the basis of difficulty of tasks, a method of self-enumeration for operation quality by the
workers, making the workers work earnestly through games, monitoring operation steps by the
workers, using a rule of majority, weighing votes in accordance with the ability of the workers,
and prevents mistakes of the results of the respective workers from having an impact on

accuracy of the entire result by employing a method of effectively selecting the tasks.

SUMMARY

An object of the invention is to uniform reliability of annotation information added to
target information including multiple targets.

[1] An aspect of the invention provides an annotation-information adding program that
causes a computer to function as an adding unit, an evaluating unit, and a setting unit. The
adding unit adds annotation information to target information including multiple targets based
on input from a first inputter. The evaluating unit evaluates reliability of the first inputter and
reliability of a second inputter by comparing annotation information already added to at least

one of the multiple targets by the second inputter with annotation information added by the



2

first inputter. The setting unit sets a target range in the target information intended for
requesting the first inputter to add annotation information based on the reliability of the first
inputter and the reliability of the second inputter.

[2] The annotation-information adding program according to [1], may have a
configuration in which when the reliability of the second inputter is higher than or equal to a
predetermined threshold value, the setting unit sets a target other than a target to which
annotation information is added by the second inputter as the target range in the target
information intended for requesting the first inputter to add annotation information.

[3] The annotation-information adding program according to [1], may have a
configuration in which when the reliability of a plurality of the second setters is lower than a
first predetermined threshold value but is higher than or equal to a second predetermined
threshold value, the setting unit sets a target other than targets to which annotation information
is added by the plurality of second inputters as the target range in the target information
intended for requesting the first inputter to add annotation information.

[4] The annotation-information adding program according to any one of [1] to [3], may
have a configuration in which the annotation-information adding program causes the computer
to further function as a generating unit that generates information as machine-learning
information, the information at least having a target in the target information, annotation
information added by the adding unit, and reliability of an inputter who has added the
annotation information.

[5] The annotation-information adding program according to [4], may have a
configuration in which the annotation-information adding program causes the computer to
further function as a machine-learning unit that performs machine-learning by using the
information generated by the generating unit.

[6] Another aspect of the invention provides an information processing apparatus
comprising: an adding unit that adds annotation information to target information including a
plurality of targets based on input from a first inputter; an evaluating unit that evaluates
reliability of the first inputter and reliability of a second inputter by comparing annotation
information already added to at least one of the plurality of targets by the second inputter with
annotation information added by the first inputter; and a setting unit that sets a target range in
the target information intended for requesting the first inputter to add annotation information
based on the reliability of the first inputter and the reliability of the second inputter.

[7] Another aspect of the invention provides an annotation-information adding method



comprising: adding annotation information to target information including a plurality of
targets based on input from a first inputter; evaluating reliability of the first inputter and
reliability of a second inputter by comparing annotation information already added to at least
one of the plurality of targets by the second inputter with annotation information added by the
first inputter; and setting a target range in the target information intended for requesting the
first inputter to add annotation information based on the reliability of the first inputter and the
reliability of the second inputter.

According to one of [1], [6] and [7], the reliability of the annotation information added
to the target information including the plurality of targets may be uniformed.

According to [2], when multiple persons are requested to add the annotation
information, redundant addition of highly-reliable annotation information may be suppressed.

According to [3], when multiple persons are requested to add the annotation
information and highly-reliable annotation information is obtained by processing plural pieces
of annotation information, redundant addition of highly-reliable annotation information may
be suppressed.

According to [4], the information including the reliability of the annotation information
may be generated as the machine-learning information.

According to [5], the machine-learning may be executed in view of the reliability of the

annotation information.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be described in detail based on
the following figures, wherein:

Fig. 1 is a block diagram illustrating a configuration example of an information
processing apparatus according to a first exemplary embodiment;

Fig. 2 schematically illustrates a configuration example of annotation target
information and annotation information;

Fig. 3 schematically illustrates a configuration example of annotator information;

Fig. 4 schematically illustrates a configuration example of the annotation target
information and the annotation information;

Fig. 5 is a flowchart illustrating an example of the operation of the information
processing apparatus;

Fig. 6 schematically illustrates a configuration example of annotator meta-information



added to the annotator information;

Fig. 7 schematically illustrates a configuration example of the annotation target
information and the annotation information;

Fig. 8 is a block diagram illustrating a configuration example of an information
processing apparatus according to a second exemplary embodiment; and

Fig. 9 schematically illustrates a configuration example of learning information.

DETAILED DESCRIPTION
First Exemplary Embodiment
Configuration of Information Processing Apparatus

Fig. 1 is a block diagram illustrating a configuration example of an information
processing apparatus according to a first exemplary embodiment.

An information processing apparatus 1 is connected to an external network via a
communication unit 12 and is configured to request a user, such as a terminal connected to the
external network, to add an annotation, which is annotation information indicating, for
example, the characteristics of information, to annotation target information 111, such as text
information, image information, or audio information, based on cloud sourcing (a user acting
as an inputter who adds an annotation will be referred to as "annotator" hereinafter).
Moreover, the information processing apparatus 1 is configured to receive an annotation input
by an annotator and add the annotation to the annotation target information 111. An
annotation may be of a binary type, such as "positive" and "negative", or may be categorized
into multiple values by preparing multiple categories.

The information processing apparatus 1 is constituted of, for example, a central
processing unit (CPU) and includes a controller 10 that controls each section and executes
various kinds of programs, a storage unit 11 that is constituted of a storage medium, such as a
flash memory, and stores information, and the communication unit 12 that communicates with
the outside via a network.

The controller 10 executes an annotation adding program 110, to be described later, so
as to function as, for example, an annotation adding unit 100, an annotator evaluating unit 101,
and an annotation-range setting unit 102.

The annotation adding unit 100 receives an annotation input by an annotator and adds
the annotation to some of multiple annotation targets included in the annotation target

information 111. The added annotation is set in association with the corresponding annotation



target and is stored as annotation information 112 into the storage unit 11.

With respect to the same annotation target, the annotator evaluating unit 101 compares
an annotation currently added thereto by an annotator with an annotation added thereto by
another annotator in the past so as to evaluate the reliability of the annotator currently adding
the annotation and the reliability of the annotator having added the annotation in the past. The
evaluation method will be described in detail later. The evaluation result is stored as annotator
information 113 into the storage unit 11.

The annotation-range setting unit 102 sets an annotation-target range within the
annotation target information 111 intended for a request to the annotator currently adding the
annotation based on the annotator information 113, which is the evaluation result obtained by
the annotator evaluating unit 101. In other words, the annotation-range setting unit 102
determines which of the annotation targets is intended for a request for addition of an
annotation. The range setting method will be described in detail later.

The storage unit 11 stores, for example, the annotation adding program 110 that causes
the controller 10 to function as the aforementioned units 101 and 102, the annotation target
information 111, the annotation information 112, and the annotator information 113.

Fig. 2 schematically illustrates a configuration example of the annotation target
information 111 and the annotation information 112.

Annotation target information 111a is an example of the annotation target information
111. In this example, it is assumed that verbal information is to be annotated, and the
annotation target information 111a is text information containing multiple texts, such as "good
weather today", as an annotation target.

Annotation information 112a is an example of the annotation information 112 and
includes an annotation added to each annotation target in the annotation target information
I11a.

In the example shown in Fig. 2, there are three annotators who are requested to add
annotations to the texts in the annotation target information 11la, and there are three
annotation targets to which the annotations are to be added by the annotators. Each annotation
to be added is either "positive" or "negative".

Fig. 3 schematically illustrates a configuration example of the annotator information
113.

Annotator information 113a is an example of the annotator information 113 and has an

annotator field for identifying annotators, a reliability field indicating the reliability of each



6

annotator, and an annotation-adding-range field indicating an annotation-target range within
the annotation target information 111 to which an annotation is added by each annotator.
Operation of Information Processing Apparatus

Next, the operation according to the first exemplary embodiment will be described with
reference to Figs. 1 to 5.

Fig. 4 schematically illustrates a configuration example of the annotation target
information 111 and the annotation information 112. Fig. 5 is a flowchart illustrating an
example of the operation of the information processing apparatus.

The example to be described below relates to a case where annotations have already
been added by an annotator A and an annotator C, and an annotator B is requested to add
annotations. Moreover, there are three annotators requested to add annotations to annotation
targets in annotation target information 111b, and each annotator adds annotations to seven
annotation targets.

First, in step S1, the annotation-range setting unit 102 sets seven annotation targets in
the annotation target information 111b shown in Fig. 4, that is, "teacher data 1" to "teacher
data 4" and "teacher data T+1" to "teacher data T+3", as annotation-adding ranges 100b; and
100bs.

Then, in step S2, when the annotation adding unit 100 requests the annotator B to add
annotations to a part of the ranges 100b; and 100b,, such as "teacher data 1" to "teacher data
4" in the range 100b,, and receives annotations input by the annotator B, the annotation adding
unit 100 adds an annotation to each of "teacher data 1" to "teacher data 4". At this point,
annotation information 112b is in a state shown in Fig. 4.

Subsequently, in step S3, the annotator evaluating unit 101 compares the annotations
added to the range 100b; by the annotator B with the annotations added to a range 100a; by
the annotator A in the past and the annotations added to a range 100c, by the annotator C in the
past so as to evaluate the reliability of each of the annotator A, the annotator B, and the
annotator C.

In the example shown in Fig. 4, the annotations in the range 100a; and the annotations
in the range 100b; match, but do not match the annotations in the range 100c; except for
"teacher data 3". Therefore, the annotator evaluating unit 101 increases the reliability of the
annotator A and the annotator B and reduces the reliability of the annotator C in the annotator
information 113a. At this point, the reliability of each of the annotator A and the annotator B

is at 80% and the reliability of the annotator C is at 50%, as shown in the annotator



information 113a in Fig. 3.

Subsequently, in step S4, the annotation-range setting unit 102 refers to the annotator
information 113a to determine whether the reliability of each of the annotator A and the
annotator B is higher than or equal to a predetermined threshold value. For example, if the
reliability is higher than or equal to 70% (YES in step S4), the annotation-range setting unit
102 sets the annotator-B-requesting range in the annotation target information 111b to a range
100bs, which has no annotations added thereto, in step S5 so as to avoid a range 100b, that
overlaps the range 100a, having annotations added thereto by the highly-reliable annotator A.

This is because there is a high possibility of redundant addition of highly-reliable
annotations if the highly-reliable annotator B is requested to similarly add annotations to the
same range as the highly-reliable annotator A. In addition, the highly-reliable annotator B is
requested to add annotations to the same range as the annotator C with low reliability so that
redundant addition of low-reliability annotations may be avoided.

Although the annotation adding unit 100 evaluates that the annotator A and the
annotator B are highly reliable when the annotations added by the two annotators match, the
annotation adding unit 100 may alternatively evaluate that annotators are highly reliable when
the annotations added by n annotators (n > 3) match.

Subsequently, in step S6, the annotation adding unit 100 requests the annotator B to add
annotations to the range 100bs, that is, "teacher data U+1" to "teacher data U+3". When
receiving annotations input by the annotator B, the annotation adding unit 100 adds the
annotations to the range 100bs.

If the annotation-range setting unit 102 referring to the annotator information 113a
determines that the reliability of another annotator is lower than the threshold value in step S4,
such as lower than 70% (NO in step S4), the annotation-range setting unit 102 maintains the
seven originally-set texts of "teacher data 1" to "teacher data 4" and "teacher data T+1" to
"teacher data T+3" as the annotation-adding ranges in step S7.

According to the first exemplary embodiment described above, the reliability of each
annotator is evaluated based on a currently-input annotation and an annotation input in the past.
If a highly-reliable annotator has added an annotation in the past, the range thereof in the
annotation target information 111 is excluded from the annotation-adding range of the
annotator currently adding the annotation. Therefore, when multiple annotators are requested
to add annotations, redundant addition of highly-reliable annotations may be suppressed.

First Modification



Meta-information described below may be added to the annotator information 113
according to the first exemplary embodiment described above, and the annotator evaluating
unit 101 may evaluate each annotator based on this information.

Fig. 6 schematically illustrates a configuration example of annotator meta-information
added to the annotator information 113.

Annotator meta-information 113A has an annotator field for identifying annotators, a
gender field indicating the gender of each annotator, an age field indicating the age of each
annotator, a nationality field indicating the nationality of each annotator, and a residence field
indicating the residence of each annotator.

For example, if the annotation target information 111 includes contents related to a
trend in Japan, the annotator evaluating unit 101 may compare annotations as described in the
first exemplary embodiment based on an assumption that highly-reliable annotations are to be
added by annotators A and B residing in Japan. Based on whether the annotations match or do
not match, the annotator evaluating unit 101 may evaluate the annotators A and B.

Second Modification

As an alternative to comparing annotators based on whether annotations match or do
not match, as in the first exemplary embodiment described above, the annotator evaluating
unit 101 may evaluate a single annotator as described below. This method may be performed
in combination with the evaluation method according to the first exemplary embodiment or
may be performed independently.

For example, the annotator evaluating unit 101 calculates an entropy of the annotation
information 112 added by a certain annotator. This is because an unserious annotator may
conceivably add a single annotation to all data. If the calculated entropy is small, the
annotator evaluating unit 101 may evaluate that the annotator has low reliability.

As an alternative to the first and second modifications described above, the reliability
evaluation process may be performed in combination with the related art, such as "making an
annotator self-report one's own work quality", "monitoring annotator's work process", or
"using the reliability of an annotator evaluated in another annotation process performed in the
past". This naturally allows for improved evaluation accuracy.

Third Modification

In addition to the operation of the annotation-range setting unit 102 described in the

first exemplary embodiment, the annotation-range setting unit 102 may operate as follows.

Fig. 7 schematically illustrates a configuration example of the annotation target



9

information 111 and the annotation information 112.

It is assumed that, when annotation information 112c is added to annotation target
information 111c, the annotations for "teacher data 3", "teacher data 4", and "teacher data
T+3" in ranges 100, 100, and 100y, respectively, are incorrect annotations.

Furthermore, it is assumed that the reliability of each of annotators D, E, and F is lower
than a threshold value (70%) but higher than or equal to a second predetermined threshold
value (60%).

In the above conditions, with regard to each annotator whose reliability is lower than
that of a highly-reliably annotator (70% or higher) but is ensured to a certain extent (60% or
higher), if a predetermined number of annotations, such as three annotations, are added, the
annotation-range setting unit 102 may determine that further annotations are not necessary in
the ranges of "teacher data 1" to "teacher data T+3" in the annotation information 112¢, and
may request each annotator currently adding an annotation to add an annotation to another
range.

Second Exemplary Embodiment

An information processing apparatus 1A according to a second exemplary embodiment
will be described below. The second exemplary embodiment is different from the first
exemplary embodiment in that information to be used for machine-learning is generated based
on the annotation target information 111, the annotation information 112, and the annotator
information 113 and in that machine-learning is performed using the information.
Components similar to those in the first exemplary embodiment are given the same reference
characters.

Fig. 8 is a block diagram illustrating a configuration example of the information
processing apparatus according to the second exemplary embodiment.

As compared with the information processing apparatus 1 according to the first
exemplary embodiment, the information processing apparatus 1A further includes a learning-
information generating unit 103, a machine-learning unit 104, and learning information 114.

The learning-information generating unit 103 generates the learning information 114
based on the annotation target information 111, the annotation information 112, and the
annotator information 113.

The machine-learning unit 104 executes machine-learning by using the learning
information 114.

Fig. 9 schematically illustrates a configuration example of the learning information 114.
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Learning information 114a is an example of the learning information 114 and has an
annotation field, an annotator field, a reliability field, and an annotation-target-information
field.

Operation of Information Processing Apparatus

Next, the operation according to the second exemplary embodiment will be described.

The information processing apparatus 1A adds the annotation information 112 to the
annotation target information 111 by using the units 100 to 102, and also generates the
annotator information 113.

Then, the learning-information generating unit 103 further adds an item included in the
annotator information 113 to general machine-learning information constituted of the
annotation target information 111 and the annotation information 112 so as to obtain the
learning information 114. In the example shown in Fig. 9, learning information 114a has an
annotation-target-information field corresponding to the annotation target information 111 as
general machine-learning information and an annotation field corresponding to the annotation
information 112, and further has an annotator field included in the annotator information 113,
and a reliability field.

Subsequently, the machine-learning unit 104 performs machine-learning by using the
learning information 114a. In this case, each piece of the learning information 114a may be
weighted in view of a value in the reliability field. Moreover, the weighting may be performed
using the annotator meta-information 113A.

According to the second exemplary embodiment described above, although information
to be used as machine-learning information normally includes only an annotation target and an
annotation, since the reliability of an annotator is added to the machine-learning information,
the machine-learning information may be generated in view of the reliability of the annotation,
so that machine-learning may be executed in view of the reliability of the annotation.

Other Exemplary Embodiments

The above-described exemplary embodiments of the present invention are not limited
thereto, and various modifications are permissible so long as they are within the scope of the
invention.

In each of the above-described exemplary embodiments, the functions of the units 100
to 104 in the controller 10 are realized by a program. Alternatively, all of or one or more of
the units may be realized by hardware, such as an application specific integrated circuit

(ASIC).  Furthermore, the program used in each of the above-described exemplary
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embodiments may be provided by being stored in a storage medium, such as a compact disc
read-only memory (CD-ROM). Moreover, switching, deletion, addition, and so on of the steps
described in each of the above-described exemplary embodiments are permissible within a
scope that does not alter the spirit of the exemplary embodiments of the present invention.

The foregoing description of the exemplary embodiments of the present invention has
been provided for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Obviously, many
modifications and variations will be apparent to practitioners skilled in the art. The
embodiments were chosen and described in order to best explain the principles of the
invention and its practical applications, thereby enabling others skilled in the art to understand
the invention for various embodiments and with the various modifications as are suited to the
particular use contemplated. It is intended that the scope of the invention be defined by the

following claims and their equivalents.
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CLAIMS:

1. An annotatiot-information adding program causing & computer to function as:

an adding unit that adds:annatation information to-target information fncluding. &
plurality of targets based on input from a first inputter;

an evaluating unit that evaluates reliability of the first inpulter and reliability:af a
second inputier By comparing annotation information already added to at least oneof the
plurality of targets by the second inputter with anpotation information added by the first
inputter; and

3 selfing-unit that sets a target range in the target information intended for
first inputter and the reliability of the sscond inputfer, and

‘wherein the annolation-information adding program causes'the esmputer o further
function as.a generating unit that gensrates information as machins-learning information,,
the Infarmation at least having & target in the target information, annolation information
arded by the adding upit, and reliability of an inpulter who has added the annotation

information,

2. The annotation-information-adding program according to Claim 1, wherein
when the refiability of the sscond inputter is higher than or equal o 8 predetermined
threshold value, the'setling unit sels a target other than a target to which annotation
information is added by the second inputter s the target range in the-target information

intended for requesting the first inputter o add annofation information.
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3. The annotation-information adding program-according to Claim 1, wherein
when the reliability of a pluralily of the second inputters is lower than a first predetermined
threshold value but is higher than-or equal 1o a second predetermined threshold valua,
the setting unit s8is a target other than targets to which annotation information is added
by the plurality of second inpulters ag the target range in the target information intended

for requesting the first inputfer o add annotation informatian.

4. The annoiation-information adding program acecerding to Claim 1, wherein the
annotation-information adding program causes the compuier {o further funstion as a
machine-learhing unit that performs machine-earning by using the information generated

by the generating uni.

5. An information processing apparatus comprising:

an adding unit that adds annotation information to target information including a
plurality of targets based on input from a first inputter;

an evalualing unit that evaluates reliability of the first inputter and reliability of a
second inputter by comparing annetation information alfeady added to at least one of the
plurality of targets by the second inputter with annotation information added by the first
inputter;

a sefting unit that sets a target range In the target information intended for
requasting the first inputter to add annotation informalion based on the refiabifity of the

first inputter and the reliability of the second inputter; and
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a generating unit thaf generates information as machineg-leaming infermation, the
information at least having a target in the target information, annotation information added

by the:adding uni, and reliability. of an inputter who has added the annctation information.

8. An -annotatinn»infwmafion adding method comprising:.

adding annotation information {o target inforration including a plurality of targets
based-on input from a first inputter;

evalualing reliability of the first inputter and reliabifity of a second inputter by
chmipating annotation information already added to at least one of the pluralily of targets
by the second inputter with annetation information added by the first inputter;

setling a target rénge in the target information intended for requesting the first
inputter to add annotation information based on the refiability of the first inputter and the
réfiability of the second inputter, and

generating information as machine-learing information, the information af least
having a target in the target information, the added annotatior information, and refiability

of an inputter who heas added the annotation information.
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