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ABSTRACT. Nowadays, online celebrities became highly influential in shaping public
opinion and disseminating information without supervision. This paper proposes a meth-
od of calculating credibility scoring of expert opinion so as to provide some useful infor-
mation to correctly guide public opinion. This paper studies the credible evaluation of
expert opinion from two aspects: the extraction of rating information and the credibility
rating of expert opinion. We extract score information from expert opinions by using
sequence annotation, construct the credible rating standard considering a number of fac-
tors, compare it with the public official statistics in the vertical field, and generate the
credibility score of expert opinion based on the comparison results.
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1. Introduction. With the rapid development of network media, online celebrities be-
came highly influential in shaping public opinion and disseminating information without
supervision, and have deeply penetrated into the social politics, economy, culture, life and
so on. How to correctly guide public opinion is an important challenge for the Internet
media. Information credibility is a qualitative assessment or quantitative measure of the
credibility of information. At present, research on the credibility of online information
mainly focuses on the credibility of website information with user reviews, the credibility
of online news, and credibility of search engine results.

Research abroad mainly focuses on evaluation methods, evaluation algorithms, and
evaluation systems. Zheng and Liu [1] proposed a quantitative information credibility
evaluation model based on fuzzy mathematics, but its fuzzy measurement lacked strict
monotony. Liu et al. [2] used a dynamic programming method with minimum cost flow
formula and maximum weight matching algorithm to measure the feasibility of construct-
ing online information credibility model from a numerical perspective. Caslillo et al. [3]
studied the credibility assessment method for newsworthy information based on the char-
acteristics of the social media environment and users’ active participation, and further
proposed a model for predicting the credibility of information.

The domestic research on information credibility focuses mostly on qualitative analysis,
and less on the quantitative evaluation methods of information credibility. Zhang [4] con-
ducted a survey through questionnaires and analyzed the evaluation factors of credibility
of online information. Sun and Liu [5] studied the credibility of online purchase reviews
based on the characteristics of review information structure. Qu and Xie [6] mainly used
qualitative analysis methods to combine four aspects: site level, layout level, topic level,
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and content level to construct an online academic forum information credibility evalua-
tion index system and a fuzzy comprehensive credit evaluation model. He et al. [7] used
the SVM model to predict whether Weibo information was a rumor with features such
as keyword distribution, and time difference. Cheng et al. [8] proposed a model based
on BP neural network and improved its excitation function to construct a Weibo rumors
detection model. Zhang et al. [9] built an information credibility index system, and used
the analytic hierarchy process (AHP) structural model to determine the weight coefficient
of the index. Yang et al. [10] proposed a rumor detection method based on momentum
model for sudden topic detection and domain expert discovery, to identify the authenticity
of topic information by discovering domain-related microblog users in the candidate pool,
based on the domain relevance of topic and user’s personal information.

Compared with foreign research, from the content point of view, the current research
on credibility analysis in China is mostly based on the research on credibility of credential
information and the credibility of microblog information. From the perspective of research
methods, most of them are qualitative methods, and few of them are automated evaluation
methods.

The rest of this paper is organized as follows. Section 2 describes the method and
framework. Section 3 describes the expert opinion scoring information extraction. Section
4 describes expert opinion credibility rating. Finally, conclusion and future work are given
in Section 5.

2. Method and Framework. The overall framework is shown in Figure 1. Score infor-
mation extraction includes the extraction of elements, and conditional random field model
is adopted for extraction. The expert opinion credibility rating includes classification and
calculation of rating information and formulation of the credibility rating standard. We
perform multivariate analysis of the scoring information in the opinion sentence, mainly
constructing a four-tuple {subject, time, trend, numerical value} as the extraction tar-
get, training and extracting with the conditional random field method. In view of the
accuracy rate and the number of opinions involved in the comparison results, we use the
IMDB algorithm to propose the calculation standard of the credibility score of the expert
opinion. The overall idea and framework of this section are shown in Figure 1.
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FIGURE 1. The overall framework
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3. Expert Opinion Scoring Information Extraction.

3.1. Expert opinion scoring information analysis. Expert opinion scoring informa-
tion refers to the information contained from the expert opinion that can be compared
with public data. We propose to construct a four-tuple of score information {subject,
time, trend, value}.

Considering that we need to extract four different types of information, we choose to
use a statistical-based sequence labeling method rather than rule-based one to extract the
score information, by setting the feature template trained with a manually labeled corpus
to obtain the corresponding probability model for extraction.

3.2. Score information extraction. We choose the conditional random field (CRF)
model to extract the scoring information in the vertical domain.

Using an economic corpus as an example, we extracted 5,765 sentences that contain ex-
pert opinions out of 8,000 articles from “Sina Finance Blog” and “NetEase Finance”, and
chose 4,233 sentences that contain score information as basic corpus by manual screening.
The labeling rule of scoring information for the four-tuple {subject, time, trend, value}
is shown in Table 1.

The four symbols (B, M, E, F) indicate the position of a term, and the six symbols (H,
I, J, K, L, O) indicate the type of scoring element. Taking the sentence “China’s economy
can achieve a 7% increase in the next five years” for an example, the result is shown in
Table 2.

The first column is the segmentation result, the third column is the result of the part-
of-speech tagging, and the fourth column is the manual annotation.

Then, we design the feature template. According to the corpus, the maximum length
of a chunk containing a complete scoring element is generally 5, and we set the window

TABLE 1. Rating information labeling rules

Symbol Description Symbol | Description
B Beginning of a scoring element H Subject
M Middle of a scoring element I Time
E End of a scoring element J Time interval
F A full scoring element K Value
L Trend
O None

TABLE 2. Example of rating score information

Segmentation (Chinese) | (English) | POS | Annotation
K next nt B-J
1 five m M-J
o years q E-J
H China ns O
Z economy | n F-H
nJ can v O
SE achieve v 0)
7% 7% m F-K
i) — u O
K increase | v F-L
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of feature template to 5, that is, considering the relationship of the current element with
the forward two items and the backward two items in vertical direction, and relation-
ship between word segmentation results and part-of-speech tagging results in horizontal
direction.

“U:%x[row,col]” indicates the position of the feature relative to the current tag, “row
indicates the relative line position of the feature relative to the current marker, and “col”
indicates the absolute column position of the feature.

b

3.3. Experimental results and analysis. The basic corpus is divided into a training
set and a test set, and we conducted a 10-fold cross-validation. The evaluation results are
shown in Table 3.

TABLE 3. CRF opinion score information quad tuple selection evaluation

Element | Accuracy | Recall | F1

Subject | 0.8525 | 0.8033 | 0.8272
Time 0.7954 | 0.7678 | 0.7814
Trend 0.7843 | 0.7496 | 0.7666
Value 0.8324 | 0.8065 | 0.8192

Judging from the experimental results, the extraction of subject and value elements is
better than time and trend element, and the accuracy rate, recall rate, and F1 score all
reach 0.8. And the reason is that the designed CRF feature template mainly considers
word segmentation and part of speech tagging results, and the wrong ones have a certain
impact on the extraction results. The POS information of words representing subject
and value element is relatively single, while that representing time and trend elements
include a variety of POS information, including noun, verb, numeral, etc. So the word
segmentation and POS results have multiple combinations and have different probabilities
in labeling samples.

4. Expert Opinion Credibility Score.

4.1. Classification and calculation of opinion scoring information. The scoring
information can be classified into categories and compared with the corresponding public
data in the vertical field. We consider factors such as the number of expert opinions,
the accuracy rate, and the minim number of opinions. The “time”, “trend”, and “value”
information extracted by the CRF model contains multiple types, and it is necessary to
further extract the score information according to the rules of extraction and classification.
The design rules are as follows.

(1) Time element classification and extraction rules

The elements of time information in expert opinions fall into two main categories: time
points and time intervals, as shown in Table 4.

For Type 1, a time-trigger vocabulary is constructed based on the time information

43

obtained by extracting the CRF in the basic corpus, and the trigger words such as “year,

TABLE 4. Example of time element types and descriptions

Time Type Example (Chinese) (English)
Time “Q0154. A7 in 2015, this year
Time Interval | “k K150, Fk FitEH 47 | in the next 15 years,
in the next five years to ten years
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month, and day” are extracted. For information that does not have a definite time (for
example, this year, next year), it is judged by the time when the corpora are published.

For Type 2, we need to extract the start time and end time. We sum up the time
information template, such as: “in xx years”, “up to xx years”, and “from xx year to xx
year”. For those with a definite start and end time, the start and end time is extracted
according to time trigger words such as “year, month, and day”; for those without a clear
start and end time, the publication time of the article can be regarded as the start time,
and the end time is calculated based on the time interval extracted.

(2) Value element classification and extraction rules

The elements of value information in expert opinions can be divided into three major
categories: integers, decimals, and percentages, as shown in Table 5.

TABLE 5. Numerical element types and description examples

Value Type | Example (Chinese) (English)
Integer | “iEF]102457C. 10127 | reached 10245 yuan, 1 billion
Decimal “2.51% 5.04FJ0” 2.5 times, $5.04
Percentage | “7.5%+ 6.5%28%” 7.5%, 6.5% to 8%

Percentages and non-percentages can be distinguished by trigger words such as “%, ¥,
RMB, and dollar”; integers and decimals are classified by regular expressions; numerical

modifiers such as “reach, over, under” are also classified. The specific categories are shown
in Table 6.

TABLE 6. Classification of numerical value modifiers

Example (Chinese) (English)
“SHRL. H. KT w7 over, above
T, BER. BHEAR. FRTAE below, under
SRl IR, BPEE reach
“BL o~y 2L EATEE | to, between, about

(3) Trend elements classification and extraction rules
The elements of trend information in expert opinions can be divided into four categories:
rising, falling, stable, and change. The specifics are shown in Table 7.

TABLE 7. Example of trend element types and descriptions

Trend Type | Example (Chinese) (English)
Rising “EEINL HEL Sk increase, rise
Falling “MAH. BFE. FEE decrease, fall, drop
Stable “Faxg. B stable, balanced
Change . B | fluctuated, gradually stabilized

Considering elements in the four-tuple might be absent, those without any “subject”,
“time”, “value”, “trend” information are filtered as noise data, and for those with incom-
plete information, the missing elements are recorded as 0. The opinion scoring information
extraction and classification results are shown in Figure 2.

As can be seen from above, the results are separated by “#” lines. The final score
information result of each opinion includes “Value Type”, “Value”, “Value Modifier”,
“Subject”, “Trend”, “Time Type” and “Time Value”.
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If China's economy can continue to grow at an annual rate of
8%, by 2030, China's per capita income will reach 50% of the
United States.

The famous economist Lin Yifu said that China's GDP growth will remain at
around 8% in the next 15 years.
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FI1GURE 2. Rating score information parameter results

By constructing a “subject-indicator map”, the mapping relationship between the “sub-
ject” in the expert opinion and the “indicator” in the national public database is estab-
lished, and the score parameters <indicator name, time type, trend type, value type, and
value modifier> are obtained. The calculation formula of these indicators is configured
according to the index formula commonly disclosed in the vertical domain, and the cal-
culation method calling method is exemplified by the corpora in the economic field. The
configuration file format is shown in Figure 3.

"HousePrice113e"," B {r113@": ["lambda x:(x[1]-x[e@])*1ee/x[e]"]
"HousePricel23e","BE123@": ["lambda x:(x[e@]-x[1])*1e8/x[1]"]

FIGURE 3. Index calculation formula configuration file

Each of the calculation formulas has a key-value pair: key is the type of the calculation
formula, which is composed of the sentence rating information configuration parameters;
value is the corresponding calculation formula.

4.2. Criteria for credibility of expert opinion. Expert opinion credibility scores
should consider science and fairness in the formulation of scoring standards. We refer to
the Top 250 scoring standards of IMDB, and propose the Credibility Scoring (i) formula
for expert ¢ on topic 1"

N;
Credibility Score (i,7T) = N m * R, + N—n—im * C (1)

In the formula, N; is the number of opinions published by expert ¢ on topic T, and
m is the minimum number of opinions published by an expert on subject T" that can
be participated in the score calculation. R; represents the average accuracy of opinions
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expressed by expert ¢ on topic T'. R; is calculated as follows:

Nitjy a; ;
E:jzg)EJL

R; = - (2)
Nigj)

NiG) aij
j=1 Sij
represents the sum of accuracy of expert ¢ on topic 7. The accuracy rate of article j is
calculated by a; j/s; ; where a; ; is the number of credible sentences in article j, s; ; is the
number of scoring opinions in article j. (a;; > 0, a;;/s;; is in range [0, 1]).

C represents the average accuracy of opinions expressed by all experts on topic 7. The
formula is as follows:

Ni¢;y > 0 represents the number of articles related to expert ¢ on topic 77

i=1 2uj=1 5,
Ng

Zi:(f Nig)

vaz” Nj(j is the number of linguistic data for all experts on the topic T'. Since N;(;) > 0,

ZN@ NGy aiyy

C (3)

the denominator > 0; vaz(ll) j-V:(’f =t4 s the sum of accuracy of all experts on topic 7.
2,7
According to Formulas (1), (2), (3), the Credibility Score C'S(i) of expert i on topic
T can be calculated, and the average credibility of expert ¢ on all topics can also be
calculated. The formula is shown as follows:
Ny pg(s
05(7) = 2= 50 (4)
Nig)
In the above formula, N;q) is the number of topics in the vertical field. Since the range
of a;;/s;; is [0, 1], the ranges of the credibility index C'S(i) of expert ¢ on topic T" and

the credibility index C'S(i) of expert ¢ under all topics are within range [0, 1].

4.3. Experiment and result analysis. 45,761 articles from the “NetEase Finance” and
“Sina Finance Blog” websites are used to obtain opinions and information. The scoring
information is compared with the data in the National Bureau of Statistics. When com-
paring, the matching error e is set to 0.1, i.e., the error range within 10% is a trustworthy
opinion. We use the Credibility Score (i,7") formula to calculate the expert’s credibility
score, by setting the minimum number of published opinions m to 30 to make the expert
credibility score value within range [0, 10]. The results are shown in Figure 4.

CompilerOracle: exclude org/hibernate/cfg/
GDP##kghk

score:7.4

Ni:263.9 m:30.0 Ri:0.7578 C(:0.5387
AAHARRAAAHBAA AR AR AR AR A AR
GDP#RpEz4L

score:7.2

Ni:112.0 m:30.9 Ri:0.7645 (:0.5387
#unuRnA A AR AR AR HRH AR A AR
GDP#24RK

score:6.7

Ni:85.0 m:30.0 Ri:0.7133 (:0.5387
#A#uAHA R RAA AR AR AR AR A AR
GDP#BHE

score:6.4

Ni:78.0 m:30.0 Ri:0.6821 (:0.5387
#AAHA AR AR AR R A R
GDP#EH{-

F1GURE 4. Expert credibility score results
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As can be seen from above, the parameters and results of expert opinion credibility
score with respect to the “GDP” topic are displayed. The first line of each result unit is
“subject # expert”, such as “GDP # Lin Yifu(#%%K)”; the second line is the opinion
credibility score; the third line is the value of each parameter and the scoring result: N;
is the number of articles published by the expert on the subject, m is the number of
minimum opinions that an expert is able to participate in the rating on topic T', R; is the
average accuracy of expert’s opinion on topic 7', and C is the average accuracy rate of all
experts on topic 7.

According to the results, the Credibility Score (i, T') formula can give experts who have
published a certain number of opinions on a topic a reasonable score within range [0, 10],
according to the number of opinions, the accuracy rate of expert opinion. It can be
concluded that Credibility Score (i,7T") formula is feasible in actual use in vertical field,
and the parameter (e, m) should be fine-tuned according to features in other vertical fields
to make the result more reasonable and reliable.

5. Conclusions. This paper studies the credibility evaluation of expert opinion from two
aspects: the extraction of rating information and the credible rating of expert opinion. We
extract score information from expert opinions by using sequence annotation, construct
the credibility rating standard considering a number of factors, compare it with the public
official statistics in the vertical field, and generate the credibility score of expert opinion
based on the comparison results. In the future, we plan to explore expanding the training
corpus and optimizing the CRF extraction results of scoring element, and make some
application in other fields rather than economic field.
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