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METHOD, APPARATUS, DEVICE AND MEDIUM FOR
INFORMATION UPDATING

Cross Reference to Related Applications

[0001] The present application claims priority to Chinese Patent Application No.
202210483864.8, titled “METHOD, APPARATUS, DEVICE AND MEDIUM FOR
INFORMATION UPDATING,” filed on May 05, 2022, the contents of which are hereby

incorporated by reference in its entirety.

Technical Field

[0002] Example embodiments of the present disclosure generally relate to the field of
computers, and in particular to a method, an apparatus, a device, and a computer-readable

storage medium for information updating.

Background

[0003] IRT (Item Response Theory), also known as Latent Trait Theory, Strong True
Score Theory, and Modern Mental Test Theory, is mainly used in the field of education and
psychological measurement to measure capability of a testee and relevant attributes of the
test question (such as difficulty, discrimination, etc.). Among them, the so-called “item”
refers to content for which a target object is assessed (for example, a test question answered
in the field of education), and "item response" refers to a response result (for example, right
and wrong) of the target object (for example, the testee) on the specific assessed content (for
example, the test question). In addition to education and psychology, IRT is also increasingly
applied to many other fields, such as information recommendation, event analysis, and the

like.

[0004] InIRT-related analysis, it is necessary to consider relevant information of objects
and items, including capability information of the object and attribute information of the
items. The accurate determination of such information is an important basis for the IRT

analysis.

Summary
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[0005] According to example embodiments of the present disclosure, a solution for

information updating is provided.

[0006] In a first aspect of the present disclosure, a method for information updating is
provided. The method comprises obtaining a response result of a target object to a target
item, the response result indicating a successful response or a failure response of the target
object to the target item; determining a capability update amount for the target object based
on capability information of the target object, attribute information of the target item, and
the response result; and updating the capability information of the target object based on the

capability update amount, to obtain updated capability information of the target object.

[0007] Inasecond aspect of the present disclosure, an apparatus for information updating
is provided. The apparatus comprises an obtaining module configured to obtain a response
result of a target object to a target item. The response result indicates a successful response
or a failure response of the target object to the target item; a determining module configured
to determine a capability update amount for the target object based on the capability
information of the target object. The attribute information of the target item and the response
result; and an updating module configured to update the capability information of the target
object based on the capability update amount, to obtain updated capability information of

the target object.

[0008] In a third aspect of the present disclosure, an electronic device is provided. The
device comprises at least one processing unit; and at least one memory coupled to the at
least one processing unit and storing instructions executable by the at least one processing
unit, the instructions, when executed by the at least one processing unit, causing the device

to perform the method of the first aspect.

[0009] In a fourth aspect of the present disclosure, a computer-readable storage medium
is provided. The medium has a computer program stored thereon which, when executed by

a processor, performs the method of the first aspect.

[0010] It would be appreciated that the content described in the Summary section of the
present invention is neither intended to identify key or essential features of the embodiments
of the present disclosure, nor is it intended to limit the scope of the present disclosure. Other

features of the present disclosure will be readily envisaged through the following description.
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Brief Description of the Drawings

[0011] The above and other features, advantages and aspects of the embodiments of the
present disclosure will become more apparent in combination with the accompanying
drawings and with reference to the following detailed description. In the drawings, the same

or similar reference symbols refer to the same or similar elements, where:

[0012] FIG. 1 shows a schematic diagram of an example environment in which the

embodiments of the present disclosure can be applied;

[0013]  FIG. 2 shows a schematic block diagram of a dynamic updating system according

to some embodiments of the present disclosure;

[0014] FIG. 3 shows a flowchart of a process of capability information updating

according to some embodiments of the present disclosure;

[0015]  FIG. 4 shows a flowchart of a process of attribute information updating according

to some embodiments of the present disclosure;

[0016] FIG. 5 shows a schematic diagram of the application of the dynamic updating

system according to some embodiments of the present disclosure;

[0017]  FIG. 6 shows a block diagram of an apparatus for information updating according

to some embodiments of the present disclosure; and

[0018] FIG. 7 shows a block diagram of a device capable of implementing multiple

embodiments of the present disclosure.

Detailed Description

[0019] The embodiments of the present disclosure will be described in more detail below
with reference to the accompanying drawings. Although some embodiments of the present
disclosure are shown in the drawings, it would be appreciated that the present disclosure
can be implemented in various forms and should not be interpreted as limited to the
embodiments described herein. On the contrary, these embodiments are provided for a more
thorough and complete understanding of the present disclosure. It would be appreciated that
the drawings and embodiments of the present disclosure are only for illustrative purposes

and are not intended to limit the scope of protection of the present disclosure.
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[0020] In the description of the embodiments of the present disclosure, the term
"including" and similar terms should be understood as open inclusion, that is, "including
but not limited to". The term "based on" should be understood as "at least partially based
on". The term "one embodiment" or "the embodiment" should be understood as "at least
one embodiment". The term "some embodiments" should be understood as "at least some

embodiments". Other explicit and implicit definitions may also be included below.

[0021] It is understandable that the data involved in this technical proposal (including
but not limited to the data itself, data acquisition or use) shall comply with the requirements

of corresponding laws, regulations and relevant provisions.

[0022] It is understandable that before using the technical solution disclosed in each
embodiments of the present disclosure, users should be informed of the type, the scope of
use, the use scenario, etc. of the personal information involved in the present disclosure in
an appropriate manner in accordance with relevant laws and regulations, and the user’s

authorization should be obtained.

[0023] For example, in response to receiving an active request from a user, a prompt
message is sent to the user to explicitly prompt the user that the operation requested
operation by the user will need to obtain and use the user's personal information. Thus, users
can select whether to provide personal information to the software or the hardware such as
an electronic device, an application, a server or a storage medium that perform the operation

of the technical solution of the present disclosure according to the prompt information.

[0024] As an optional but non-restrictive implementation method, in response to
receiving the user's active request, the method of sending prompt information to the user
can be, for example, a pop-up window in which prompt information can be presented in text.
In addition, pop-up windows can also contain selection controls for users to choose “agree”

or “disagree” to provide personal information to electronic devices.

[0025] It can be understood that the above notification and acquisition of user
authorization process are only schematic and do not limit the implementation methods of
the present disclosure. Other methods that meet relevant laws and regulations can also be

applied to the implementation of the present disclosure.

[0026] FIG. 1 shows a schematic diagram of an example environment 100 in which the
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embodiments of the present disclosure can be implemented. In this example environment
100, an IRT model 110 is provided which is configured to determine a predicted response
result 112 of an object 120 to an item 130. The input of the IRT model 110 includes
capability information 122 of the object 120 and attribute information 132 of the item 130.
The predicted response result 112 output by the IRT model 110 may indicate the probability

of a successful response or a failure response of the object 120 to the item 130.

[0027] The IRT model 110 is based on IRT and is built for different application scenarios.
As a specific example, in an educational or psychological test scenario, the item 130
includes a test question covering one or some knowledge points, and the object 120 includes
a testee who answers the test question. The objective of the IRT model 110 is to determine

the probability that the testee answers a specific question correctly (or incorrectly).

[0028] In such an educational or psychological test scenario, the capability information
122 of the object 120 may indicate a knowledge mastery level of the object 120. The higher
the capability level may indicate the higher the knowledge mastery level of the object 120.
The attribute information 132 of the item 130 may be represented by one or more attribute
parameters, including the difficulty, the discrimination and/or the correct probability in
pseudo-guessing of the item 130. The greater the value of discrimination of the item
represents the higher the degree of discrimination of the item to the testee. The higher the
value of the correct probability in guessing of the item illustrates the easier it is to guess,
regardless of the capability of the testee. In addition to educational or psychological test

scenarios, the IRT model 110 may also be set for other scenarios.

[0029] IRT may be modeled by various types of models, including a logistic model, a
normal ogive model, etc. Different types of models have models of different parameter
numbers (for example, different attributes for the item), including a single-parameter model
(also known as a Rasch model, the item attribute only has difficulty), a two-parameter model
(the test question attribute includes difficulty and discrimination), and a three-parameter
model (the test question attribute includes difficulty, discrimination, and correct probability

in pseudo-guessing).

[0030] Below are some example models that may be applied in the IRT model 110. In
some examples, the IRT model 110 may be constructed based on the normal ogive model.

In some examples, because the form of integral function is adopted in the normal ogive



10

15

20

model, it is not convenient in practical use and may be transformed into a Logistic form of

model.

[0031] In some examples, the IRT model 110 may be constructed as a Logistic single-
parameter model, which may be expressed by the following equation:

1 )]

PO=Treon

[0032] In some examples, the IRT model 110 may be constructed as a Logistic two-
parameter model, which may be expressed by the following equation:

1 2

PO = @D

[0033] In some examples, the IRT model 110 may be constructed as a Logistic three-
parameter model, which may be expressed by the following equation:

1-c 3)

PO = et T reon

[0034] Inthe above Equations (1) to (3), 8 represents the overall capability of the object,
a represents the discrimination of the item, b represents the difficulty of the item, ¢
represents the correct probability in guessing of the item, and P(8) represents the
probability of the successful response of the object with the capability 6 to the item. 6, a,

b and ¢ may have their own value ranges, which may be set according to the applications.

[0035] The various types of the IRT models 110 may be expressed as P (x=1 |0, a, b, c),
wherein x=1 represents the successful response of the object to the item. If the
discrimination a=1 and the correct probability in pseudo-guessing ¢=0, then the IRT model
110 is expressed as a single-parameter model. If the correct probability in pseudo-guessing

is ¢=0, then the IRT model 110 is represented as a two-parameter model.

[0036] In some embodiments, the IRT model 110 may also be represented by a
cumulative distribution function (CDF) of a standard normal distribution. For example, the

IRT model 110 based on the single-parameter model may be represented as:
P(x =116,b) = ®(6 —b) 4)

@ () represents a CDF function of a standard normal distribution. The two-parameter and
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three-parameter models may also be similarly represented.

[0037] It would be appreciated that the above description is only some examples of the
IRT model 110. The IRT model 110 may also have other variations, and the embodiments

of the present disclosure may also be used in combination.

[0038] In addition to the IRT model to determine the probability of a specific object's
response to the success or failure of the item, the capability information of the object and
various attribute information of the item based on the IRT theory may also be applied to
various other analysis applications. For example, by analyzing the capability information of
a specific object or a group of objects, it is helpful to specify a follow-up strategy for the
target object group, including a target item classification strategy, an education strategy, a
test strategy, etc. By measuring various attribute information of an item and capability
information of an object, more matching items may be pushed to the target object, etc. It
can be seen that the estimation of these parameter information in the IRT is the premise of

applying the IRT.

[0039] In general, the parameters are estimated by using the commonly used maximum
likelihood estimation and Bayesian method. The existing parameter estimation process is
not real-time, and usually needs to collect the response result of a large number of objects
to a specific item, and determine the update through a statistical method. Therefore, it is
often necessary to update parameters in a certain period (for example, at the level of one
day or several days). However, such an update cycle may not be appropriate in many
scenarios. For example, in the educational or psychological test scenario, after the user
completes a test question and completes relevant learning (for example, watching video
explanation), the corresponding capability of the user will change. Based on the original
capability information, it may not be able to plan the user's next learning content better and
timelier. Therefore, it is expected to provide a dynamic and real-time information update

solution in the IRT.

[0040]  According to the embodiments of the present disclosure, a dynamic information
update solution is provided. In this solution, after the target object completes the response
to the target item, the capability update amount for the target object is determined based on
the response result, the capability information of the target object and the attribute

information of the target item. Update the capability information of the target object based



10

15

20

25

30

on the capability update amount to obtain the updated capability information of the target
object. According to the solution of the present disclosure, the capability information of the
object may be updated iteratively as the object responds to different items, to reflect the
real-time capability of the object more accurately. The accurate and real-time capability

information of the object can be used for more accurate analysis in IRT-related applications.

[0041] In some embodiments, the attribute update amount for the target item may also
be determined based on the response result, the capability information of the target object,
and the attribute information of the target item to update the attribute information of the
target item. In this way, the attribute information of the item may be updated iteratively with
the response of different objects to a specific item, to reflect the attribute of the item more
accurately. Accurate attribute information also contributes to more accurate analysis in IRT-

related applications.

[0042] The following will continue to describe some example embodiments of the

present disclosure with reference to the accompanying drawings.

[0043] FIG. 2 shows a schematic block diagram of a dynamic updating system 200
according to some embodiments of the present disclosure. As shown in FIG. 2, the target
object 220 responds to the item in the item library 240, and the response result indicates the
target object 220's successful or failure response to a specific item. The item library 240
includes one or more items 230-1, 230-2, ..., 230-K. For the convenience of discussion,
these items are collectively or individually referred to as an item 230 in this article, wherein
K is an integer greater than or equal to 1). In the example of FIG. 2, as an example, it is
assumed that the item 230-1 in the item library 240 is provided to the target object 220 to
execute the response, and the response result 224 is generated. Here, the item 230-1 is called

the target item.

[0044] Each item 230 has corresponding attribute information, for example, the item
230-1 has attribute information 232-1, the item 230-2 has attribute information 232-2....,
and the item 230-K has attribute information 232-K. For the convenience of discussion,
these attribute information are collectively or individually referred to as attribute
information 232. In addition, the target object 220 has corresponding capability information
222.

[0045] In the educational or psychological test scenario, the item 230 may include a test
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question covering one or some knowledge points, and the target object 220 may include the
testee who answers the questions. The response of the target object 220 to the item 230
includes the testee's answer to the question. Accordingly, the successful response indicates
that the testee answers the question correctly, and the failure response indicates that the

testee cannot answer the question correctly.

[0046] In some embodiments, in the educational or psychological test scenario, the
capability information 222 of the target object 220 may at least indicate the overall
capability of the target object 220 to reflect the overall mastery level of the target object 220
to a certain knowledge field. In some embodiments, in such a scenario, the attribute
information 232 of the item 230 may indicate the difficulty of the test question. In some
embodiments, the attribute information 232 of item 230 may additionally or alternatively
indicate the discrimination of the test question. In some embodiments, attribute information
232 of the item 230 may additionally or alternatively indicate the correct probability in
pseudo-guessing. In some examples, the difficulty may have a value in a continuous range
of difficulty values, or it may be one of several discrete difficulty levels. Similarly, the
discrimination and the correct probability in pseudo-guessing may also have values in the

range of continuous values, or may be a certain level in multiple discrete levels.

[0047] In some embodiments, the IRT theory may also be applied to an information
recommendation scenario. In the information recommendation scenario, the item 230 may
include a recommendation item, such as a product to be recommended, an advertising link,
an application, other types of information, etc. Accordingly, the target object 220 includes
a recommended object, such as a user. The response of the target object 220 to the item 230
may indicate whether the recommendation item was successfully recommended to the user,
that is, whether the conversion of the recommendation item to the recommended object was
successful. Here, a "successful recommendation" of the recommendation item may have
different measurement standards according to the actual application. For example, the
"successful recommendation" may include users clicking on an advertising link, purchasing

or browsing a product, downloading or registering an application, etc.

[0048] In some embodiments, in the information recommendation scenario, the
capability information 222 of the target object 220 may at least indicate the successful
conversion capability of the recommendation item to the recommended object, that is,

whether the target object 220 has a strong desire to select the recommendation item. In some

9
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embodiments, the attribute information 232 of item 230 may indicate the difficulty of
selecting the recommendation item. In some embodiments, in the information
recommendation scenario, other attribute parameters of the recommendation item may also
be defined to indicate the relevant characteristics of the recommendation item. In this regard,

the embodiments of the present disclosure are not limited.

[0049] Insome embodiments, the IRT theory may also be applied to competition analysis,
including a game competition, a sports competition, etc. In the competition analysis scenario,
the target object 220 may include a participating team or a team member, and the item 230
may include a competitor. The response of the target object 220 to the item 230 includes a
competition between the participating team or the team member and the competitor.
Accordingly, the successful response indicates that the team or the team member can defeat
the opponent, while the failure response indicates that the team or the team member cannot

defeat the opponent.

[0050] In the competition analysis scenario, the capability information 222 of the target
object 220 may at least indicate the overall capability of the target object 220 to reflect the
overall capability of a corresponding competitive event. In some embodiments, in such a
scenario, the attribute information 232 of the item 230 may indicate the overall capability
of a competitor in a corresponding competitive event. In some embodiments, in the
competition analysis scenario, other attribute parameters of competitors may also be defined
to indicate the relevant characteristics of the recommendation item. In this regard, the

embodiments of the present disclosure are not limited.

[0051] It would be appreciated that some scenarios of applying the IRT theory are given
above. The IRT theory may also be applied to other scenarios, and in those scenarios, the
target object 220 and the item 230 may have different indications. The embodiments of the
present disclosure are not limited in this regard. In some of the following example
embodiments, for the convenience of discussion, the educational or the psychological test
scenario is mainly explained, but it would be appreciated that this does not imply that those

embodiments can only be applied to these scenarios.

[0052] In some embodiments, when measuring the capability of the object, in addition
to considering the overall capability, a finer measurement branch in the corresponding

scenario for the item may be considered. Specifically, in order to measure the capability of

10
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an object, an item hierarchy may be constructed, which includes multiple hierarchical levels
for measuring the capability of the object. Each hierarchical level may have one or more

measurement branches.

[0053] For example, for an educational or a psychological testing scenario, the item
hierarchy may include a knowledge structure of a discipline, wherein different hierarchical
levels include different knowledge hierarchical levels in the knowledge structure, and each
hierarchical level has one or more knowledge points (that is, the measurement branch). For
another detailed example, in mathematics, the first hierarchical level may include the
knowledge point of an equation set, a trigonometric function, etc. Further, the knowledge
point of the first hierarchical level of the equation set may also include one or more
knowledge points of lower hierarchical level (for example, the second hierarchical level),

such as a linear equation with one unknown, linear equations of two unknown, etc.

[0054] Different test questions may involve the examination of different knowledge
points. For example, a test question may evaluate a single knowledge point at the first
hierarchical level, such as a set of equations, and may cover one or more knowledge points
at the second hierarchical level. When assessing the testee's mastery capability to the
discipline, in addition to giving the overall capability of the testee, it is also necessary to
measure the testee's mastery capability to the knowledge point of the first hierarchical level,
or more precisely, the testee's mastery capability to each knowledge point of the second

hierarchical level.

[0055] For another example, for the competition analysis scenario, the item hierarchy
may include a competitive structure of a certain competition, wherein different hierarchical
levels include different competitive items in the competitive structure, which are divided by
the hierarchical level. For example, in an electronic game, the first hierarchical level may
include multiple game tasks, and the game tasks in the first hierarchical level may also
include a smaller subtask in the second hierarchical level. Different competitive items may
be used to complete one or more game tasks at different hierarchical levels, that is, each
item may involve the examination of one or more branches in the game. Accordingly, when
testing the capability of the competition team or the team member, in addition to giving the
overall capability, the capability of the competition team in a specific game task or subtask

may also be measured.

11
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[0056] To sum up, in some embodiments, the capability information 222 of the target
object 220 may include the overall capability information of the target object 220, which
indicates the overall capability level of the target object at multiple measurement branches
at multiple hierarchical levels in the item hierarchy. In addition, the capability information
222 of the target object 220 may also include the local capability information of the target
object 220 at each measurement branch at each hierarchical level in the item hierarchy,
which indicates the local capability level of the target object 220 on the corresponding
measurement branch. That is, the capability of the target object 220 may be composed of
the overall capability and the local capability at one or more levels. In the IRT theory
considering the overall and the local capability information, a two-factor IRT model may

be constructed. The two-factor IRT model will be described in more detail below.

[0057] In some embodiments, the capability information 222 of the target object 220
may be indicated by a probability distribution, and the capabilities of different levels may
be indicated by the corresponding probability distribution. In some examples, the overall
capability information may indicate the probability distribution which is followed by the
overall capability level of the target object 220, and the local capability information at each
measurement branch in the item hierarchy may indicate the probability distribution which
is followed by the local capability level of the target object 220. In some embodiments, the
attribute information 232 of the item 230 may also be indicated by the probability

distribution.

[0058] Insome embodiments, it can be assumed that both the capability information 222
and the attribute information 232 follow the normal distribution, which may be represented
by a corresponding expectation and a standard deviation (or variance). In addition to the
normal distribution, the capability information 222 and the attribute information 232 may
also be modeled to follow other probability distributions, which may be selected according
to an actual application. Any appropriate probability distribution may be applied to

represent the capability information 222 and the attribute information 232.

[0059] Inthe embodiments of the present disclosure, it is proposed to dynamically update
the capability information 222 of the target object 220 based on the response result 224 after
the target object 220 completes the response to the target item 230-1, instead of waiting for

a certain time to update after collecting enough response results of the object.

12
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[0060] FIG. 3 shows a flowchart of a process 300 of capability information updating
according to some embodiments of the present disclosure. Process 300 may be implemented

at the dynamic updating system 200.

[0061]  Specifically, at block 310, the dynamic updating system 200 is configured to
obtain a response result 224 of a target object 220 to a target item 230-1, which indicates a
successful response or a failure response (for example, correct or wrong answer). In some
embodiments, the dynamic updating system 200 may obtain the response result of the target
object 220 to the item in real time. For example, in an online education scenario, the answers
of the testee to the test question may be collected and recorded in real time and fed back to
the dynamic updating system 200. In other embodiments, the response result 224 may also
be provided to the dynamic updating system 200 by, for example, manual input or other

means.

[0062] At block 320, the dynamic updating system 200 determines a capability update
amount for the target object 220 based on the capability information 222 of the target object
220, the attribute information 232-1 of the target item 230-1, and the response result 224.
Here, the capability information 222 of the target object 220 and the attribute information
232 of each item 230, including the attribute information 232-1 of the target item 230-1,
may be maintained. In the embodiments of the present disclosure, the dynamic updating
system 200 may determine the capability update amount for the target object 220 based on
the IRT theory.

[0063] Since the capability information 222 may be updated iteratively in the
embodiments of the present disclosure, each time the dynamic updating system 200 may
obtain the current capability information 222 of the target object 220. In some embodiments
of the present disclosure, if the attribute information 232 of the item 230 is also updated, the
dynamic updating system 200 may obtain the current attribute information 232-1 of the
target item 230-1. The determination of capability update amount will be discussed in detail

below.

[0064] At block 330, the dynamic updating system 200 updates the capability
information of the target object 220 based on the capability update amount to obtain updated
capability information 222 of the target object 220. In the embodiments of the present

disclosure, the capability information of the target object is iteratively updated with the

13
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responses of the target object to the execution of multiple items. After the target object 220
completes the response to the target item 230-1, the capability information 222 may be

updated in time to accurately reflect the real-time capability of the target object 220.

[0065] In some embodiments, in addition to the capability information 222, the attribute
information 232 of the item 230 may also be dynamically updated, including the difficulty,
the discrimination, and/or the correct probability in pseudo-guessing (if the attribute of the
item can be characterized by these parameters) of the item 230. After the target object 220
completes the response to the target item 230-1, the dynamic updating system 200 may also
determine the attribute update amount for the target item 230-1 based on the capability
information 222 of the target object 220, the attribute information 232-1 of the target item
230-1, and the response result 224, and update the attribute information 232-1 of the target
item 230-1 based on the attribute update amount. The updated attribute information 232-1
may be recorded and applied to the next update or to the prediction of the response result

for the item.

[0066] Since each item 230 may be provided to multiple objects for response, in some
embodiments, the attribute information 232-1 of the target item 230-1 may be iteratively
updated with the response of multiple objects to the execution of the target item. In some
embodiments, considering that the attribute information 232 of the item 230, especially the
difficulty information, may reflect the inherent nature of the item 230, so after enough
iterations, the attribute information may have been equivalently calibrated, and may no

longer be updated iteratively.

[0067] FIG. 4 shows a flowchart of a process 400 of attribute information updating
according to some embodiments of the present disclosure. The process 400 may be

implemented at the dynamic updating system 200.

[0068]  Specifically, at block 410, the dynamic updating system 200 determines whether
a change degree of the attribute information 232-1 of the target item 230-1 in a plurality of
historical iteration updates exceeds a change threshold. In some embodiments, the dynamic
updating system 200 may observe the attribute information 232-1 of the target item 230-1
determined in the past two or more historical iterations to determine whether the attribute
information 232-1 has an obvious change, for example, whether the attribute update amount

determined in each iteration is relatively large. In some embodiments, the change threshold

14
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may be set to 0 or a relatively small value, and the specific value can be set according to the

actual application.

[0069]  Ifitis determined that the change degree of the attribute information 232-1 of the
target item 230-1 in multiple historical iterations exceeds the change threshold, it means that
the attribute information 232-1 has changed significantly in the past several iterations. In
this case, at block 420, the dynamic updating system 200 determines the attribute update
amount for the target item 220 based on the capability information 222 of the target item
220, the attribute information 232-1 of the target item 230-1, and the response result 224.
At block 430, the dynamic updating system 200 updates the attribute information of the
target item based on the attribute update amount to obtain updated attribute information of
the target item. The determination of attribute update amount will be discussed in detail

below.

[0070] Ifitis determined that the change degree of the attribute information 232-1 of the
target item 230-1 in multiple historical iterations does not exceed the change threshold, for
example, the attribute information 232-1 fluctuates slightly near a certain value in the past
multiple iterations, which means that the attribute information 232-1 has not changed
significantly in the past multiple iterations, that is, the attribute information 232-1 may have
been equivalently calibrated. In this case, at block 440, the dynamic updating system 200
ceases updating the attribute information 232-1 of the target item 230-1. In this way, if the
target item 230-1 continues to be provided to other objects for response, the attribute
information 232-1 may also no longer be updated, but the capability information of the

object may be updated.

[0071] In some embodiments, as mentioned above, the capability information 222 may
include overall capability information and local capability information at the measurement
branch at different hierarchical levels in the item hierarchy. In the dynamic updating process,
the overall capability information may be updated continuously with the response of the
target object 220 to each item 230. Since each item 230 may involve the examination of
some measurement branches at one or more hierarchical levels in the item hierarchy, the
local capability information on the measurement branch involved in the target item 230-1

may accordingly be updated after the completion of the target item 230-1.

[0072] As described above, the capability information 222 and the attribute information
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232 may be represented by a normal distribution. For the purpose of discussion, it is
assumed that the overall capability of the target object 220 (expressed as 6 ), the local
capability at the measurement branch of the first hierarchical level (expressed as <) and
the local capability at the measurement branch of the second hierarchical level (expressed
as 72) are considered, and the difficulty attribute of the item 230 (shown as ) is also
considered. In addition, it is also assumed that the target item 230-1 may investigate one
measurement branch of the first hierarchical level and n measurement branches of the
second hierarchical level. For example, a test question may consider the knowledge point at

the first hierarchical level and several branch knowledge points under the knowledge point.

[0073] Under the above assumptions, the normal distribution of the capability

information 222 and the attribute information 232 may be expressed as follows:

9~N(‘ng, O'g), Y1 ~N(.uy11 0-]/1); Yé ~N (IlyZi, O-yzi) ’ ﬂ~N(Mﬁ! O-[i’) (4)

where the overall capability 8 follows a normal distribution of an expectation ug and a
standard deviation &g ; the local capability y, at the measurement branch at the first
hierarchical level follows a normal distribution of an expectation p,, and a standard
deviation &, ; the local capability y% on the i measurement branch in the second
hierarchical level follows a normal distribution of an expectation H,i and a standard
deviation 5y2i; the difficulty 8 follows a normal distribution of an expectation {g and a

standard deviation &g.

[0074] Insome embodiments, assuming that the overall capability (6) of the target object
220, the local capability on the measurement branch (y;) of the first hierarchical level and
the local capability (y2,..., y3 ) on the n measurement branches of the second hierarchical
level are considered, and when the single parameter (f) of the difficulty of the item is

considered, the two-factor IRT model may be expressed as follows:

v ﬁ> (5)

p(x =1160,B,v1,v3, . V¥) = <I><9 Tyt —

where p represents the probability that the object will make a successful response to the

item (that is, x=1).

[0075] By accurately estimating the capability information 222 of the target object 220
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and the attribute information 232 of the item 230, the two-factor IRT model may be used to
more accurately estimate the probability of the successful or failure response of the target

object 220 to a specific item.

[0076] An example embodiment of iteratively updating for the capability information
222 and the attribute information 232 will be discussed in detail below. In some
embodiments, the update of the capability information 222 and/or the attribute information
232 includes updating the expectation and the standard deviation in the corresponding

probability distribution (for example, normal distribution).

[0077]  Insome embodiments, in the first iteration of the iteratively updating process, the
capability information 222 of the target object 220 may be initialized. In some embodiments,
the expectation of the normal distribution of the overall capability information in the
capability information 222 may be initialized to 0. In some embodiments, the standard
deviation of the normal distribution followed by the overall capability information may be
initialized to 1. For example, the overall capability information may be initialized to follow

the normal distribution of pg = 0,09 = 1.

[0078] In some embodiments, the expectation of the normal distribution followed by the
local capability information at different measurement branches may be initialized to 0. In
some embodiments, the standard deviation of the normal distribution of the local capability
information at different measurement branches may be initialized to a value between 0 and

1, which can be set according to an application scenario.

[0079] In some embodiments, during initialization, the initial standard deviation (or
variance) of the local capability may be set to be smaller for the deeper measurement
branches (for example, the knowledge point). For example, it is assumed that the capability
information of the target object 220 includes at least the first local capability information of
the target object 220 at the measurement branch at the first hierarchical level in the item
hierarchy and the second local capability information at the measurement branch at the
second hierarchical level. Assuming that the first local capability information is initialized
as a probability distribution with the first standard deviation, and the second local capability
information is initialized as a probability distribution with the second standard deviation,
and the second hierarchical level is lower than the first hierarchical level (that is, the second

hierarchical level is a deeper hierarchical level), then the second standard deviation may be

17



10

15

20

25

30

set to be less than the first standard deviation. As an example, the local capability
information of the testee at a first-level knowledge point may be initialized as a normal
distribution followed by u,, =0, 0,, = X, and the local capability at the second-level
knowledge point may be initialized as a normal distribution followed by u,, =0, 0, =Y,

where Y may be less than X.

[0080] In some application scenarios, it is advantageous to set the deeper measurement
branch to have a relatively small standard deviation. The reason is that the deeper the
measurement branch is, the more limited the observation may be provided in a later stage
(that is, compared with the measurement branch at the higher hierarchical level, the fewer
items involved in the specific measurement branch at the deeper hierarchical level). If the
variance is set to a relatively large value, the degree of convergence at a later stage will be
smaller, which is not conducive to obtaining more accurate estimates. Certainly, in some
other application scenarios, the deeper measurement branch may be set to have a larger

standard deviation according to the requirements of the scenario.

[0081] In some embodiments, if an item 230 is not responded to by any object, the
attribute information 232 of the item 230 may be cold-started to follow the normal
distribution with an expectation of 0 and a standard deviation of 1. In some embodiments,
for the target item 230-1, if one or more objects have responded to the item in the past, and
the attribute information 232-1 has been updated, the initial value of the attribute
information 232-1 may be the value after the previous update during the updating based on

the target object 220.

[0082] During the updating process, depending on the different response results 224 of
the target object 220 to the target item 230-1, the dynamic updating system 200 may
determine a different capability update amount for the capability information 222, and/or a
different attribute update amount for the attribute information 232-1. In other words, if the
response result indicates the successful response of the target object 220 to the target item
230-1, the dynamic updating system 200 may determine a first capability update amount for
the target object 220, and if the response result indicates the failure response of the target
object 220 to the target item 230-1, the dynamic updating system 200 may determine a
second capability update amount for the target object 220, wherein the second capability

update amount is different from the first capability update amount. The capability update
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amount may include the update amount of the expectation and/or the standard deviation in

the probability distribution.

[0083] Insome embodiments, in updating of the capability information 222, as the target
object 220 makes successful responds to more and more items, the overall capability of the
target object 220 will be improved, and the local capability at the measurement branch
involved in these items will also be improved. Accordingly, the expectation in the
probability distribution that the overall capability information and the local capability
information follow individually will rise and the standard deviation will decrease, which
means that the estimation of the overall capability and the corresponding local capability of

the target object 220 will also be more and more determined.

[0084] In some embodiments, in updating of the attribute information 232-1, as more
and more objects make successful response or failure response to the target item 230-1, the
dynamic updating system 200 may iteratively update the attribute information 232-1 to a

value that can more accurately represent the target item 230-1.

[0085] In some embodiments, the dynamic updating system 200 may determine the
estimation of the update amount for the capability information 222 and the attribute
information 232 based on the maximum likelihood estimation and other methods. An
example estimation method will be given below, but it would be appreciated that other
estimation methods may also be applied based on the probability distribution model and the

IRT theory of the capability information 222 and the attribute information 232.

[0086] In some embodiments, a lower limit value k is set for the variance (that is, the
square of the standard deviation) during the updating process to avoid calculating the

standard deviation as 0 during the updating process, resulting in calculation errors.

[0087] In the following, it is assumed that the capability information 222 of the target
object 220 and the attribute information 232-1 of the target item 230-1 are updated in an m™
iteration, and that the target item 230-1 involves the local capability at the measurement
branch (y;) of the first hierarchical level and the local capability (y3,...y%) at the n
measurement branches of the second hierarchical level, and the difficulty parameter (f) of

the target item 230 is being considered to update.

[0088] When determining the capability update amount and the attribute update amount,

19



10

the dynamic updating system 200 may determine the following general intermediate

variables:
n (6)
vt(m)= |1+ ag(m) +o5(m) + o (m) + Z(l/n)za}zi(m)
() = to(m) — pg(m) + ,t;]::((rrnn)) + XM/ n)uy, (m) (7)
_ o) _ 0(kx"(m) (8)
071 - CD(x*(m))' te (D(x*(m))
, _gi(m) , aj (m) , _opm) . U]Zi(m) )

6~ v2(m)’ B~ v2(m)’ " T v2(m)’ i n2v2+(m)

[0089] In some embodiments, in updating of the overall capability information in the
capability information 222, if the response result 224 indicates the successful response of
the target object 220 to the target item 230-1, the dynamic updating system 200 may update
the expectation and variance of the probability distribution that the overall capability
information follows as follows:

oF (10A)
pg(m +1) = pg(m) + m-(h

o (m + 1) = af(m)max(1 — §5(x* (M), + 22),k)

2
where the expected update amount %[)1 is added to the current expectation pg(m), and

the current variance o3 (m) is weighted and updated by the weight calculated from

max(l — 85 (x*(m)n, + 03), k).

[0090] In some embodiments, if the response result 224 indicates the failure response of
the target object 220 to the target item 230-1, the dynamic updating system 200 may update
the expectation and the variance of the probability distribution that the overall capability

information follows as follows:

20



10

15

o4 (10B)
po(m+1) = ug(m) — om) 2

oZ(m+ 1) = gf(m)ymax(1 — 65(—x* (M), + 03), k)

2
where the expected update amount — %.{20 is added to the current expectation uy(m)

to reduce the current expectation. The current variance oZ(m) is weighted and updated by

the weight calculated from max(l — 85(—x*(m)N, + 23), k) .

[0091] In some embodiments, the update of the local capability information at the
measurement branch at the first hierarchical level and the measurement branch at the second
hierarchical level in the capability information 222 is similar to the update of the overall
capability information. For example, when the response result 224 indicates the successful
response of the target object 220 to the target item 230-1, the dynamic updating system 200
may update the expectation and the variance of the probability distribution that the local
capability information at the measurement branch at the first hierarchical level as follows:
o2 (11A)

Auyl(m + 1) = #(m) + v(;) 'Ql

oy (m+1) = oy, (m)max(l&%1 (x* (M) + 03), k)

[0092]  If the response result 224 indicates the failure response of the target object 220 to
the target item 230-1, the dynamic updating system 200 may update the expectation and the
variance of the probability distribution of the local capability information at the
measurement branch at the first hierarchical level as follows:

of, (11B)
py,(m+1) =, (M) — mﬂo

oy (m+1) = 0o}, (m)max(1 — 57 (=x*(m)Q, + 027), k)

[0093] In some embodiments, when the response result 224 indicates the successful
response of the target object 220 to the target item 230-1, the dynamic updating system 200
may update the expectation and the variance of the probability distribution of the local
capability information at the i# measurement branch at the second hierarchical level as

follows:
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9y (124)

nv(m) h

g (m+1) = pug(m) +

G]fzi (m+1) = J}Z (m)max (1 — 6}2 (x*(m)2, + 0?), k)

[0094] When the response result 224 indicates the successful response of the target
object 220 to the target item 230-1, the dynamic updating system 200 may update the
expectation and the variance of the probability distribution of the local capability

information at the i measurement branch at the second hierarchical level as follows:

o2 (12B)

s

nv(m) o

o (m+1) = prg(m) -

a)fzi (m+1) = G]fzi (m)max (1 - 6]2 (—x*(m)2, + 23), k)

[0095] In some embodiments, in updating of the difficulty information in the attribute
information 232-1 of the target item 230-1, if the response result 224 indicates the failure
response of the target object 220 to the target item 230-1, the dynamic updating system 200
may update the expectation and the variance of the probability distribution that the difficulty
information follows as follows:

of (13A)
pg(m+1) = pp(m) + mﬂo

gf(m + 1) = o5 (m)max(1 — 63 (—x*(M)Qy + 025), k)

2
where the expected update amount % 0, 1is added to the current expectation pg (m). The
vim

current variance GBZ (m) is weighted and updated by the weight calculated from

max(1 — 83 (—x* (M) + 03), k).

[0096] Insome embodiments, if the response result 224 indicates the successful response
of the target object 220 to the target item 230-1, the dynamic updating system 200 can
update the expectation and variance of the probability distribution that the difficulty

information follows as follows:
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af (13B)
pg(m+1) = pg(m) — o m) 0

gf(m + 1) = o (m)max(1 — 65 (x* (M), + 07), k)

2
where the expected update amount — %91 is added to the current expectation g(m).
vim

The current variance 6[? (m) is weighted and updated by the weight calculated from

max(1 — 83 (x*(m); + 07), k).

[0097]  Although the update of the difficulty information of the item is given above, for
other attribute parameters, such as the discrimination and the correct probability in pseudo-
guessing, the corresponding update amount may also be determined and updated based on

the IRT theory.

[0098]  According to the above update, a latest capability information of the target object
220 after completing the current target item 230-1 may be determined. In some
embodiments, the attribute information 232-1 of the target item 230-1 may also be more

accurately estimated by updating the attribute information.

[0099] In some embodiments, the capability information 222 may be further updated by
continuously providing the item 230 to the target object 220 for response. In addition, the
target item 230-1 may also be provided to more objects for response, to further update the

attribute information 232-1.

[00100] The accurate estimation of the capability information 222 of the target object 220
and the attribute information 232 of each item 230 may be applied to various application
scenarios of the IRT theory. By accurately understanding the capability information of the
target object, it is helpful to push the item to the target object. In addition, in the two-factor
IRT model, understanding the overall and local capability information of the target object
may help to determine the comprehensive capability of the target object and whether the
local capability is insufficient at a measurement branch, to formulate a follow-up strategy.
Further, after understanding the capability information of a target group, it may also be used
for the target group to specify the follow-up strategy, a target object classification strategy,

an education strategy, a test strategy, and the like.

[00101] FIG. 5 shows a schematic diagram of the application of the dynamic updating
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system 200 according to some embodiments of the present disclosure. In this example, the
capability information 222 of the object and the attribute information 232 of the item 230
dynamically updated by the dynamic updating system 220 may be provided to an item
recommendation system 500, which is configured to use a predetermined recommendation

model 510 to perform an item recommendation task for the target object 220.

[00102] In some embodiments, the recommendation model 510 may be constructed based
on a machine learning model or a deep learning model (for example, a neural network
model), or the IRT model (for example, the IRT model 110 of FIG. 1). In some embodiments,
the input of the recommendation model 510 may at least include the updated capability
information 222 of the target object 220 and the attribute information 232 of the item in the
item library 240. In the case that the recommendation model 510 is constructed based on a
machine learning or deep learning model, in some embodiments, the input of the
recommendation model 510 may also include other relevant information of the target object
220, other relevant information of the item 230, and/or any other information considered to
affect the recommendation of the item of the target object 220. This may be configured

according to the actual application.

[00103] Specifically, the item recommendation system 500 may use the recommendation
model 510 to determine the predicted response result of the target object 220 to the other
target item 230 based on at least the updated capability information 222 of the target object
220 and the attribute information 232 of the other target item 230 in the item library 240.
The predicted response result may indicate the probability of the successful response or the

probability of the failure response of the target object 220 to another target item 230.

[00104] In some embodiments, the recommendation model 510 may determine the
predicted response result based on at least the above equation (5). In determining the
predicted response result, based on the measurement branch involved in another target item
230, the overall capability information of the target object 220 and the local capability
information at the corresponding measurement branch are used as the input of the

recommendation model 510.

[00105] In some embodiments, when determining the predicted response result, the item
recommendation system 500 may also consider the weight of the local capability

information at different measurement branches at the item hierarchy. Specifically, in a
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hierarchy with multiple measurement branches, different measurement branches may have
corresponding weights. The item recommendation system 500 obtains the weight value for
one or more measurement branches in one or more hierarchical levels, and weights the local
capability information at the corresponding measurement branches based on the weight
value of each measurement branch, to obtain the weighted local capability information. The
recommendation model 510 may determine the predicted response result based on the
weighted local capability information and the overall capability information and the

attribute information of the item 230.

[00106] Insome embodiments, the item hierarchy includes the measurement branch at the
first hierarchical level and the second hierarchical level, and a certain item 230 to be
predicted involves n measurement branches at the second hierarchical level. In an
embodiment that considers weighting local capability information, the recommendation
model 510 may be expressed as follows:

X7 weightiy; ﬁ) (14)

=110,8,v,,7%, .y =d|( 6
p(x =116,B8,v1,v2, - V3) ( +v:+ S weight,

where weight; represents the weight value for the i measurement branch of the second
hierarchical level. In this example, it is assumed that the local capability information at the

measurement branch of the first hierarchical level is not weighted.

[00107] By setting the weight value for the local capability information, the difference
between different measurement branches in a capability assessment may be effectively
weighed when measuring the capability information of the target object 220. In some
embodiments, at the same hierarchical level, the measurement branch that may make greater
contributions to the successful response may be set with a greater weight value. In other
embodiments, the weight value of the measurement branch may be set after considering any

other factors according to the actual application.

[00108] Although the above description is made for the embodiment of the item hierarchy
involving two hierarchical levels, the item hierarchy may involve three or more hierarchical
levels. In such an embodiment, for a third hierarchical level, the weight value for the
measurement branch may also be set, and the weight value is weighted to the corresponding
local capability information when determining the predicted response result. For example,

it is assumed that the item hierarchy includes the measurement branch at the first
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hierarchical level, the second hierarchical level and the third hierarchical level, and an item
230 to be predicted involves n measurement branches at the second hierarchical level and
M measurement branches at the third hierarchical level. In an embodiment that considers
weighting the local capability information, the recommendation model 510 may be

expressed as follows:

Y™ weight;yi Zﬁ”weightﬂé_) (15)

=110,8,7,vL, .y2 vl M) =D (0 +y, +
p(x =116,B,v1,Vz, V5, V3, - ¥3') < "1 S weight, ST weight,

where y3, ...y} represent the local capability information of the target object 220 at each
of the M measurement branches at the third hierarchical level, and the local capability
information at each measurement branch at the third hierarchical level is also weighted by
the corresponding weight value. Note that the weight values used to weight the local
capability information at the measurement branch at the second hierarchical level and the

measurement at the third hierarchical level may be set individually.

[00109] In some embodiments, in addition to the shown target object 220, the IRT model
220 may also be used to determine the predicted response result of other objects to each

item 230 in the item library 240, including the predicted response result of the item 230-1.

[00110] In some embodiments, based on the predicted response result, the item
recommendation system 500 or the recommendation model 510 may further implement
various recommendation strategies for the item 230 and/or the target object 220. For
example, in some embodiments, the item recommendation system 500 may recommend
items to be responded to later (such as the test question to be answered later) to the target
object 220, such as the item 230-3. The item recommendation system 500 may recommend
items to the target object 220 according to different item recommendation strategies based

on the predicted response result.

[00111] In some embodiments, the item recommendation system 500 may not calculate
the predicted response result, but directly analyze the capability information 222 of the
target object 220 to recommend the items to be responded to later, such as the test question

to be answered later.

[00112] In some examples, as the target object 220 completes the response to the item
230-3, the response result, the attribute information 232-3 of the item 230-3, and the current
capability information 222 of the target object 220 may also be provided to the dynamic
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updating system 200 for further updating the capability information 222 and/or the attribute

information 232-3. Details are not described herein again.

[00113] Certainly, as mentioned above, in addition to the item recommendation, the
capability information 222 of the target object 220 and the attribute information 232 of the
item 230 may also be applied in other tasks. The embodiments of the present disclosure are

not limited in this regard.

[00114] In some embodiments, the dynamic updating system 200 and/or the item
recommendation system 500 may be implemented at a terminal device or server. The
terminal device may be any type of mobile terminals, fixed terminals or portable terminals,
including a mobile phone, a desktop computer, a laptop computer, a notebook computer, a
netbook computer, a tablet computer, a media computer, a multimedia tablet, a personal
communication system (PCS) device, a personal navigation device, a personal digital
assistant (PDA), an audio/video player, a digital/video camera, a positioning device, a TV
receiver, a radio broadcast receiver, an e-book device, a game device or any combination of
the foregoing, including accessories and peripherals of these devices or any combination
thereof. In some embodiments, the terminal device can also support any type of user-specific
interfaces (such as a "wearable" circuit, etc.). Servers are various types of computing
systems/servers that can provide computing power, including but not limited to mainframes,

edge computing nodes, computing devices in cloud environments, etc.

[00115] FIG. 6 shows a schematic block diagram of an apparatus 600 for information
updating according to some embodiments of the present disclosure. The apparatus 600 may
be implemented or included in the dynamic updating system 200 and/or the item
recommendation system 500. Each module/component in the apparatus 600 may be

implemented by a hardware, a software, a firmware, or any combination thereof.

[00116] As shown in the figure, the apparatus 600 includes an obtaining module 610,
which is configured to obtain the response result of the target object to the target item, and
the response result indicates the successful or the failure response of the target object to the
target item. The apparatus 600 also includes a determining module 620, which is configured
to determine the capability update amount for the target object based on the capability
information of the target object, and the attribute information of the target item, and the

response result. The apparatus 600 further includes an updating module 630, which is
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configured to update the capability information of the target object based on the capability

update amount to obtain the updated capability information of the target object.

[00117] Insome embodiments, the capability information of the target object may include
at least one of the following: the overall capability information of the target object, which
indicates the overall capability level of the target object among a plurality of measurement
branches at a plurality of hierarchical levels in the item hierarchy, and the local capability
information of the target object at at least one measurement branch at at least one
hierarchical level in the item hierarchy. The target item relates to the examination of the at

least one measurement branch.

[00118] In some embodiments, the overall capability information may indicate the
probability distribution by which the overall capability level of the target object is followed.
In some embodiments, the local capability information on each of the at least one
measurement branch may indicate the probability distribution followed by a local capability

level of the target object on the measurement branch.

[00119] In some embodiments, the capability information of the target object may be
updated iteratively with responses of a plurality of items executed by the target object, and

the capability information of the target object may be initialized in the first iteration.

[00120] In some embodiments, the capability information of the target object may include
at least the first local capability information of the target object at the measurement branch
at the first hierarchical level in the item hierarchy and the second local capability
information at the measurement branch at the second hierarchical level. In some
embodiments, the first local capability information may be initialized as a probability
distribution with the first standard deviation, and the second local capability information
may be initialized as a probability distribution with the second standard deviation. The
second hierarchical level is lower than the first hierarchical level, and the second standard

deviation may be lower than the first standard deviation.

[00121] In some embodiments, the determining module 620 may include: a first update
determining module configured to determine the first capability update amount for the target
object when the response result indicates the successful response of the target object to the
target item; and a second update determining module configured to determine the second

capability update amount for the target object when the response result indicates the failure
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response of the target object to the target item. The second capability update amount is

different from the first capability update amount.

[00122] In some embodiments, the apparatus 600 may also include: an attribute update
determining module configured to determine the attribute update amount for the target item
based on the capability information of the target object, the attribute information of the
target item and the response result; and an attribute updating module configured to update
the attribute information of the target item based on the attribute update amount to obtain

the updated attribute information of the target item.

[00123] Insome embodiments, the attribute information of the target item may be updated
iteratively with the responses of the target item executed by a plurality of objects. In some
embodiments, the attribute update determining module may include: a change determining
module configured to determine whether the change degree of the attribute information of
the target item in a plurality of historical iteration updates exceeds the change threshold;
and a change-based updating module configured to determine the attribute update amount
for the target item when the change degree of the attribute information of the target item in

a plurality of historical iteration updates exceeds the change threshold.

[00124] In some embodiments, the apparatus 600 may also include: a first predicting
module configured to determine the predicted response result of a further target object to
the target item based on the updated attribute information of the target item and the
capability information of the further target object using a predetermined item response

theory model.

[00125] In some embodiments, the apparatus 600 may also include a second predicting
module configured to determine the predicted response result of the target object to a further
target item based on the updated capability information of the target object and the attribute

information of the further target item using a predetermined item response theoretical model.

[00126] Insome embodiments, the capability information of the target object may include:
the overall capability information of the target object and the local capability information
of the target object at at least one further measurement branch of at least one hierarchical
level in the item hierarchy, and the further item relates to at least one further measurement
branch. In some embodiments, the second predicting module may include: a weight

obtaining module, which is configured to obtain a respective weight values for the at least
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one further measurement branch; weighting module configured to weight the local
capability information at the at least one measurement branch based on the respective weight
value of the at least one further measurement branch to obtain the weighted local capability
information; and a weighted predicting module configured to determine the predicted
response result of the target object to the further target item based on the overall capability
information, the weighted local capability information and the attribute information of the

further target item using the item response theory model.

[00127] In some embodiments, the target item may include a test question, and the target
object may include a testee who answers the test question. In some embodiments, the target
item may include the recommendation item, and the target object may include the
recommended object. In some embodiments, the target item may include a competitor, and

the target object may include a participating team or a team member.

[00128] In some embodiments, the attribute information of the target item indicates at
least one of the following: the difficulty of the target item, the discrimination of the target

item, and the correct probability in pseudo-guessing of the target item.

[00129] FIG. 7 shows a block diagram of a computing device/system 700 in which one or
more embodiments of the present disclosure may be implemented. It would be appreciated
that the computing device/system 700 shown in FIG. 7 is only an example and should not
constitute any restriction on the function and scope of the embodiments described herein.
The computing device/system 700 shown in FIG. 7 may be used to implement the dynamic

updating system 200 of FIG. 2 and/or the item recommendation system 500 of FIG. 5.

[00130] As shown in FIG. 7, the computing device/system 700 is in the form of a general
computing device. The components of the computing device/system 700 may include, but
are not limited to, one or more processors or processing units 710, a memory 720, a storage
device 730, one or more communication units 740, one or more input devices 750, and one
or more output devices 760. The processing unit 710 may be an actual or virtual processor
and can execute various processes according to the programs stored in the memory 720. In
a multiprocessor system, multiple processing units execute computer executable
instructions in parallel to improve the parallel processing capability of the computing

device/system 700.

[00131] The computing device/system 700 typically includes a variety of computer
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storage medium. Such medium may be any available medium that is accessible to the
computing device/system 700, including but not limited to volatile and non-volatile medium,
removable and non-removable medium. The memory 720 may be volatile memory (for
example, a register, cache, a random access memory (RAM)), a non-volatile memory (for
example, a read-only memory (ROM), an electrically erasable programmable read-only
memory (EEPROM), a flash memory) or any combination thereof. The storage device 730
may be any removable or non-removable medium, and may include a machine-readable
medium, such as a flash drive, a disk, or any other medium, which can be used to store
information and/or data (such as training data for training) and can be accessed within the

computing device/system 700.

[00132] The computing device/system 700 may further include additional removable/non-
removable, volatile/non-volatile storage medium. Although not shown in FIG. 7, a disk
driver for reading from or writing to a removable, non-volatile disk (such as a "floppy disk"),
and an optical disk driver for reading from or writing to a removable, non-volatile optical
disk can be provided. In these cases, each driver may be connected to the bus (not shown)
by one or more data medium interfaces. The memory 720 may include a computer program
product 725, which has one or more program modules configured to perform various

methods or acts of various embodiments of the present disclosure.

[00133] The communication unit 740 communicates with a further computing device
through the communication medium. In addition, functions of components in the computing
device/system 700 may be implemented by a single computing cluster or multiple
computing machines, which can communicate through a communication connection.
Therefore, the computing device/system 700 may be operated in a networking environment
using a logical connection with one or more other servers, a network personal computer

(PC), or another network node.

[00134] The input device 750 may be one or more input devices, such as a mouse, a
keyboard, a trackball, etc. The output device 760 may be one or more output devices, such
as a display, a speaker, a printer, etc. The computing device/system 700 may also
communicate with one or more external devices (not shown) through the communication
unit 740 as required. The external device, such as a storage device, a display device, etc.,
communicate with one or more devices that enable users to interact with the computing

device/system 700, or communicate with any device (for example, a network card, a modem,
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etc.) that makes the computing device/system 700 communicate with one or more other
computing devices. Such communication may be executed via an input/output (I/O)

interface (not shown).

[00135] According to example implementation of the present disclosure, a computer-
readable storage medium is provided, on which a computer-executable instruction or
computer program is stored, wherein the computer-executable instructions or the computer

program is executed by the processor to implement the method described above.

[00136] According to example implementation of the present disclosure, a computer
program product is also provided. The computer program product is physically stored on a
non-transient computer-readable medium and includes computer-executable instructions,

which are executed by the processor to implement the method described above.

[00137] Various aspects of the present disclosure are described herein with reference to
the flow chart and/or the block diagram of the method, the device, the equipment and the
computer program product implemented in accordance with the present disclosure. It would
be appreciated that each block of the flowchart and/or the block diagram and the
combination of each block in the flowchart and/or the block diagram may be implemented

by computer-readable program instructions.

[00138] These computer-readable program instructions may be provided to the processing
units of general-purpose computers, special computers or other programmable data
processing devices to produce a machine that generates a device to implement the
functions/acts specified in one or more blocks in the flow chart and/or the block diagram
when these instructions are executed through the processing units of the computer or other
programmable data processing devices. These computer-readable program instructions may
also be stored in a computer-readable storage medium. These instructions enable a computer,
a programmable data processing device and/or other devices to work in a specific way.
Therefore, the computer-readable medium containing the instructions includes a product,
which includes instructions to implement various aspects of the functions/acts specified in

one or more blocks in the flowchart and/or the block diagram.

[00139] The computer-readable program instructions may be loaded onto a computer,
other programmable data processing apparatus, or other devices, so that a series of

operational steps can be performed on a computer, other programmable data processing
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apparatus, or other devices, to generate a computer-implemented process, such that the
instructions which execute on a computer, other programmable data processing apparatus,
or other devices implement the functions/acts specified in one or more blocks in the

flowchart and/or the block diagram.

[00140] The flowchart and the block diagram in the drawings show the possible
architecture, functions and operations of the system, the method and the computer program
product implemented in accordance with the present disclosure. In this regard, each block
in the flowchart or the block diagram may represent a part of a module, a program segment
or instructions, which contains one or more executable instructions for implementing the
specified logic function. In some alternative implementations, the functions marked in the
block may also occur in a different order from those marked in the drawings. For example,
two consecutive blocks may actually be executed in parallel, and sometimes can also be
executed in a reverse order, depending on the function involved. It should also be noted that
each block in the block diagram and/or the flowchart, and combinations of blocks in the
block diagram and/or the flowchart, may be implemented by a dedicated hardware-based
system that performs the specified functions or acts, or by the combination of dedicated

hardware and computer instructions.

[00141] Each implementation of the present disclosure has been described above. The
above description is exemplary, not exhaustive, and is not limited to the disclosed
implementations. Without departing from the scope and spirit of the described
implementations, many modifications and changes are obvious to ordinary skill in the art.
The selection of terms used in this article aims to best explain the principles, practical
application or improvement of technology in the market of each implementation, or to

enable other ordinary skill in the art to understand the various embodiments disclosed herein.
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WHAT IS CLAIMED IS:

1. A method for information updating, comprising:

obtaining a response result of a target object to a target item, the response result
indicating a successful response or a failure response of the target object to the target item;

determining a capability update amount for the target object based on capability
information of the target object, attribute information of the target item, and the response
result; and

updating the capability information of the target object based on the capability

update amount, to obtain updated capability information of the target object.

2. The method of claim 1, wherein the capability information of the target object
comprises at least one of the following:

overall capability information of the target object indicating an overall capability
level of the target object among a plurality of measurement branches at a plurality of
hierarchical levels in an item hierarchy, and

local capability information of the target object at at least one measurement branch
at at least one hierarchical level in the item hierarchy, the target item being related to

examination of the at least one measurement branch.

3. The method of claim 2, wherein the overall capability information indicates a
probability distribution followed by the overall capability level of the target object, and

wherein the local capability information on each of the at least one measurement
branch indicates a probability distribution followed by a local capability level of the target

object on the measurement branch.
4. The method of claim 2, wherein the capability information of the target object is
iteratively updated with responses of a plurality of items executed by the target object, and

the capability information of the target object is initialized in the first iteration.

5. The method of claim 1, wherein determining the capability update amount for the

target object comprises:
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in accordance with a determination that the response result indicates the successful
response of the target object to the target item, determining a first capability update amount
for the target object; and

in accordance with a determination that the response result indicates the failure
response of the target object to the target item, determining a second capability update
amount for the target object, the second capability update amount being different from the

first capability update amount.

6. The method of claim 1, further comprising:

determining an attribute update amount for the target item based on the capability
information of the target object, the attribute information of the target item, and the response
result; and

updating the attribute information of the target item based on the attribute update

amount, to obtain updated attribute information of the target item.

7. The method of claim 6, wherein the attribute information of the target item is
iteratively updated with the responses of the target item executed by a plurality of objects,
and determining the attribute update amount for the target item comprises:

determining whether a change degree of the attribute information of the target item
in a plurality of historical iteration updates exceeds a change threshold; and

in accordance with a determination that the change degree of the attribute
information of the target item in the plurality of historical iteration updates exceeds the

change threshold, determining the attribute update amount for the target item.

8. The method of claim 6, further comprising:
determining, using a predetermined item response theory model, a predicted
response result of a further target object to the target item based on the updated attribute

information of the target item and capability information of the further target object.

9. The method of claim 1, further comprising:
determining, using a predetermined item response theory model, a predicted
response result of the target object to a further target item based on the updated capability

information of the target object and attribute information of the further target item.
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10. The method of claim 9, wherein the capability information of the target object
comprises: overall capability information of the target object and local capability
information of the target object at at least one further measurement branch of at least one
hierarchical level in an item hierarchy, the further item being related to the at least one
further measurement branch, and

wherein determining the predicted response result comprises:

obtaining a respective weight value for the at least one further measurement branch;

weighting the local capability information at the at least one measurement branch
based on the respective weight value of the at least one further measurement branch, to
obtain the weighted local capability information; and

determining, using the item response theory model, the predicted response result of
the target object to the further target item based on the overall capability information, the

weighted local capability information, and the attribute information of the further target item.

11. The method of any one of claims 1 to 10, wherein the target item comprises a
test question, and the target object comprises a testee who answers the test question; or

wherein the target item comprises a recommendation item, and the target object
comprises a recommended object; or

wherein the target item comprises a competitor, and the target object comprises a

participating team or a team member.

12. The method of any one of claims 1 to 10, wherein the attribute information of
the target item indicates at least one of the following: a difficulty of the target item, a
discrimination of the target item, and a correct probability in pseudo-guessing of the target

item.

13. An apparatus for information updating, comprising:
an obtaining module configured to obtain a response result of a target object to a
target item, wherein the response result indicates a successful response or a failure response

of the target object to the target item;
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a determining module configured to determine a capability update amount for the
target object based on the capability information of the target object, wherein the attribute
information of the target item and the response result; and

an updating module configured to update the capability information of the target
object based on the capability update amount, to obtain updated capability information of

the target object.

14. The apparatus of claim 13, wherein the capability information of the target object
comprises at least one of the following:

overall capability information of the target object indicating an overall capability
level of the target object among a plurality of measurement branches at a plurality of
hierarchical levels in an item hierarchy, or

local capability information of the target object at at least one measurement branch
at at least one hierarchical level in the item hierarchy, the target item being related to

examination of the at least one measurement branch.

15. The apparatus of claim 14, wherein the overall capability information indicates
a probability distribution followed by the overall capability level of the target object, and

wherein the local capability information on each of the at least one measurement
branch indicates a probability distribution followed by a local capability level of the target

object on the measurement branch.

16. The apparatus of claim 14, wherein the capability information of the target object
is iteratively updated with responses of a plurality of items executed by the target object,

and the capability information of the target object is initialized in the first iteration.

17. The apparatus of claim 14, further comprising:

an attribute update determining module configured to determine an attribute update
amount for the target item based on the capability information of the target object, the
attribute information of the target item, and the response result; and

an attribute updating module configured to update the attribute information of the
target item based on the attribute update amount, to obtain updated attribute information of

the target item.
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18. The apparatus of claim 17, wherein the attribute information of the target item is
iteratively updated with the responses of the target item executed by a plurality of objects,
and wherein the attribute update determining module comprises:

a change determining module configured to determine whether a change degree of
the attribute information of the target item in a plurality of historical iteration updates
exceeds a change threshold; and

a change-based updating module configured to determine the attribute update
amount for the target item in accordance with a determination that the change degree of the
attribute information of the target item in a plurality of historical iteration updates exceeds

the change threshold.

19. An electronic device, comprising:

at least one processing unit; and

at least one memory coupled to the at least one processing unit and storing
instructions executable by the at least one processing unit, the instructions, when executed
by the at least one processing unit, causing the device to perform the method according to

any of claims 1 to 12.
20. A computer-readable storage medium having a computer program stored thereon

which, when executed by a processor, performs the method according to any of claims 1 to

12.
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