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ABSTRACT

We introduce our approach to the nominative linkage of records of Qing officials who were included in the
China Government Employee Datasets-Qing (CGED-Q) Jinshenlu (JSL) and Examination Records (ER). We
constructed these datasets by transcription of quarterly rosters of civil and military officials produced by the
government and by commercial presses, and records of examination degree holders. We assess each of the
primary attributes available in the original sources in terms of their usefulness for disambiguation, focusing
on their diversity and potential for inconsistent recording. For officials who were not affiliated with the Eight
Banners, these primary attributes include surname, given name, and province and county of origin. For the
small subset of officials who were affiliated with the Bannermen, we assess the available data separately. We
also assess secondary attributes available in the data that may be useful for adjudicating candidate matches.
We then describe the approach that we developed that addresses the issues we identified with the primary
and secondary attributes. The issues we have identified and the approach that we have developed will be
of interest to researchers engaged in similar efforts to construct and link datasets based on elite males in
historical China.
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INTRODUCTION

We describe our approach to the large-scale nominative linkage of records of elite males in two Qing
dynasty (1644-1911) historical datasets that we have constructed: the China Government Employee
Dataset-Qing Jinshenlu (CGED-Q JSL) and Examination Records (CGED-Q ER). By transcribing records
of Qing civil and military officials in quarterly personnel rosters from the period between 1762 and
1911 to produce the CGED-Q JSL and then linking those records over time, we have reconstructed the
career histories of officials. By linking officials in the CGED-Q JSL to their records in the CGED-Q ER,
we have also attached information about their year of birth, exam performance, ancestry, and other
attributes to their career records. This allows us to examine a major topic in the sociological study
of stratification: the roles of family background and 'ability' (as measured by exam performance) in
the appointment, promotion, and exit from work of officials. Attaching information on year of birth
to career histories allows for the study of the age structure of officialdom and the age dynamics of
appointment, promotion, and exit from work.

We arrived at the approach we describe here iteratively, building on experience analyzing career
histories in the CGED-Q JSL in a series of publications on appointment, promotion, and exit of Qing
officials (Campbell, 2020; Chen, Campbell, & Lee, 2018; Hu, Chen, & Campbell, 2020; Hu, Hu,
Chen, & Campbell, 2021; Xue & Campbell, 2022), a visualization platform (Wang et al., 2021), an
introduction to the CGED-Q JSL (Chen, Campbell, Ren, & Lee, 2020) and a dissertation (Chen, 2019).
Each analysis brought to light issues with the sources, the transcription process, and linkage procedures
that had not arisen previously and required adjustments. As our dataset expanded, meanwhile, we
adjusted our code and obtained substantial improvements in speed. In the end, as described below, we
used probabilistic linkage as implemented in the STATA package dtalink (Kranker, 2018).

The most important contribution of the paper is the thorough documentation of the many problems
that arise in the recording of names, place of origin, and other attributes in Qing administrative sources,
the implications of these problems for nominative linkage, and our solutions to them. We hope that our
experience will be useful to researchers carrying out large-scale nominative linkage in other Chinese
sources and to users of the CGED-Q JSL public releases that we have made available for download
(Campbell, Chen, Ren, & Lee, 2019)." The problems that we identify and our solutions to them should
be general to historical Chinese sources. Common problems include the replacement of characters
in surnames and given names with variant forms, homonyms, and similar-looking characters, and
the inconsistency in the recording of locations because of changes in administrative boundaries. To
facilitate work by others who are carrying out nominative linkage with historical Chinese sources,
we have also made the complete tabulations that are the basis of most of our tables available for
download.?

We organize our paper as follows. Section 2 presents a brief review of the literature on nominative
linkage in historical and Chinese language sources. Sections 3 and 4 introduce the two datasets that
we link: the China Government Employee Dataset-Qing Jinshenlu (CGED-Q JSL) and the Examination
Records (CGED-Q ER). We describe the attributes of officials recorded in the data that may be used
for linkage, distinguishing between primary attributes available for all officials in both sources, and
secondary attributes only available in the CGED-Q JSL. We identify issues that arise in the primary
attributes that need to be addressed when carrying out linkage. Section 5 describes our current
approaches to linkage in the CGED-Q JSL and CGED-Q ER. Section 6 concludes with discussion of
implications of these results and prospects for the future.

1 We have released CGED-Q JSL data for the years 1850-1864 and 1900-1912. The data and
documentation may be downloaded at the Lee-Campbell Group page at the HKUST Dataspace (https://
doi.org/10.14711/dataset/E9GKRS) and the Lee-Campbell Group page at the Harvard Dataverse
(https://doi.org/10.7910/DVN/GMQWVZ). We will release additional tranches of CGED-Q JSL data
every two years until we have made it all available, and then release the CGED-Q ER.

2 As a resource for other researchers carrying out nominative linkage with historical Chinese sources, we
have made the complete tabulations that were the basis of tables 2 through 8 available for download at
the Lee-Campbell Group dataverses at the HKUST Dataspace (https://doi.org/10.14711/dataset/
MB8HQEA) and at the Harvard Dataverse (https://doi.org/10.7910/DVN/4OSP8V). These should help
researchers who need to address issues related to inconsistency in the recording of names or places of
origin develop approaches to handle such problems.
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2 BACKGROUND

Large-scale automated nominative linkage of records of individuals from archival sources is a key
tool for production of longitudinal 'big data' for ongoing studies of European and North American
population, social and economic history. Common applications are the linkage of census records for the
same individual at different points in time, and linkage of individuals across birth, death, and marriage
records. Linkage may also include other, more specialized sources including tax records, health records,
and retirement and pension records that supplement information routinely available in census records
and vital registration. The resulting linked data not only provide life histories of individuals, but in
some cases, histories of families across multiple generations. As a result of this activity, methods for
large-scale nominative linkage of individuals in sources written in English and other languages that use
phonetic scripts are relatively mature. A large literature discusses challenges associated with nominative
linkage and offers various solutions, and relevant software packages are readily available.?

The literature on large-scale nominative linkage of records of individuals with names written in
English and other phonetic scripts in historical sources is already large because efforts to construct
massive longitudinal databases for social and economic history by linkage of censuses, vital records
and other administrative data have been underway in the United States, Canada, and a variety of
European countries for at least two decades.* An early example was the initiative by the Minneapolis
Population Centre to create a statistically representative sample of records in the 1860, 1870, 1900
and 1910 censuses linked to the complete-count 1880 census described in Ruggles (2002). Since then,
methodology has advanced substantially, with explorations of machine learning to fully automate
record linkage (Abramitzky, Mill, & Pérez, 2020) and the leveraging of information on residence and
relationships to increase linkage rates (Akgiin et al., 2020; Helgertz et al., 2020).

Key issues that arise in the linkage of names written in English and other languages with phonetic
alphabets include misspellings, name changes, the use of variant spellings, and inconsistencies in
the recording of other attributes like age or date of birth, all of which could create false negatives,
and overall low diversity of surnames and given names, which could lead to false positives. By 'false
negatives', we refer to situations where two records that should have been linked together were not.
By 'false positives', we refer to situations where records that should not have been linked together,
were. Misspellings occurred because people were inconsistent in the way they wrote their own name,
or the way census takers or other officials wrote their name in official records. International migrants
might have new names assigned to them by immigration officers who transliterated their original
names in ad hoc fashion or might adapt new names on their own. Women typically adopted their
husband's surname on marriage. People might use contractions of their name or nicknames in some
situations but not in others, for example, writing Bill in some situations and William in others. In
many communities in Europe, diversity of surnames and given names was low, making it difficult to
distinguish whether records of the same name referred to the same or different people.

The issues that arise with names written in Chinese are very different. Surnames are not diverse. In
2020, the top 5 surnames in China accounted for 30.8% of the population, and the top 100 surnames
accounted for 85.8% of the population.> Given names are potentially more diverse since they are
typically two characters, and for each of those two characters there are thousands to choose from. The
actual diversity of given names depended on naming practices in different periods and social classes.
While names of elite males during the Qing and the first half of the 20th century should have been
very diverse because well-off families could showcase their erudition by including rare characters with
literary, historical or philosophical connotations in the names of their sons, names for people born
between the 1960s and 1980s were much less diverse than for those born before or after because

3 See, for example, the Linkage Library at https://www.icpsr.umich.edu/web/pages/about/linkage-
library.html.

4 See Historical Methods Special Issues 51(2) and 53(4) on historical record linkage for introductions to
relevant projects (Sylvester & Hacker, 2020).

5 See the 2019 and 2020 Nian Quanguo Xingming Baogao [National Surname and Given Name Report]

published by the Public Security Bureau of the People's Republic of China, retrieved from http://www.
gov.cn/xinwen/2021-02/08/content_5585906.htm.
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single character names with political or patriotic implications became more popular (Cai, Xi, Yi, Liu, &
Jing, 2018; Bao, Cai, Jing, & Wang, 2021).%

Developing procedures for record linkage is important because there are numerous efforts ongoing to create
biographical databases of historical Chinese individuals. Prominent examples include the China Biographical
Database (Chen & Wang, 2022; Fuller, 2021; Tsui & Wang, 2020), the Modern China Historical Database
(Armand, Guo, Henriot, Hu, & Van den Bosch, 2022), and the various projects of the Lee-Campbell Group
(Campbell & Lee, 2020). Such databases are the basis of prosopographical studies of social groups (Stone,
1971), especially elites, in historical China. The creators of these databases carry out what they refer to as
‘disambiguation’ to assess whether the same name and other attributes appearing in two or more sources
refers to the same person or different people, and then attach unique identifiers to each appearance of a
person in the dataset. The underlying task is similar to the record linkage that we carry outin the CGED-Q, but
somewhat broader in that it may also involve individuals named in unstructured texts like newspaper articles,
dynastic histories, or gazetteers.” Pronunciation-based approaches developed for linkage of individuals with
names written in phonetic scripts are not immediately useful for these Chinese language sources because
the prevalence of homonyms in Chinese means that names with identical pronunciations can be completely
different. Meanwhile, characters that look similar and may be mistakenly replaced with each other during the
production process can be pronounced differently and have different meanings.

The studies of Chinese language nominative linkage and disambiguation that we have located focus on
names in contemporary unstructured Chinese language texts (for example, web pages) not on structured
records like in the CGED-Q. We mention them here because they could eventually help with the linkage of
the officials in the CGED-Q to mentions of them in unstructured texts. Chen and Huang (2010) assessed
issues that arise in the disambiguation of the names of individuals in Chinese language texts. They report
that single character given names are more challenging than two character given names. Combinations
of surname and single-character name that are also commonly used words are especially difficult to
disambiguate. For example, the combination Gaofeng (&) could be the surname Gao followed by the
given name Feng but could also be the word for 'peak’.2 Han, Zu and Zhao (2011) and Fan and Li (2021)
describe approaches based on clustering in which the same names appearing in different documents are
disambiguated by reference to other words appearing with them in the text. The problems these papers
address is different to the one we face in our own linkage of names in tabular datasets where the surname
and given name are clearly specified in fields of their own, but relevant for efforts by others to extract and
disambiguate names in unstructured historical texts like newspaper articles, books, and essays.

Several studies discuss the disambiguation of Chinese names of authors of texts. Han et al. (2017)
focus on the specific case of disambiguating the names of authors of Chinese language publications,
and introduce a method based on the names of the co-authors, the author's institution, and 'semantic
fingerprints'. Kim, Kim and Kim (2021) shows that disambiguation of the names of Chinese authors of
English language publications is easier if their name in Chinese characters is available alongside their
phoneticized names. Yin, Motohashi and Dang (2020) presents the results of an effort to disambiguate
the names of inventors listed on Chinese patents between 1985 and 2016. They use supervised
learning approach that begins with hand-labelled data for training.

Another line of studies offers potentially useful approaches for measuring similarity in the sound and the
appearance of Chinese characters and then using this to assess the similarity of strings of Chinese characters.
Liu, Rus, Liao and Liu (2017) offer a method for encoding Chinese characters in terms of their sound,

6 See Chua (2021) for an overview of contemporary naming practices in China and descriptive results on the
popularity of different kinds of names during the 20th century. The analysis was based on the Chinese
Name Database (1930-2008) created by Han-Wu-Shang (Bruce) Bao and shared at https://github.com/
psychbruce/ChineseNames.

7 Campbell and Lee (2020) and Chen and Campbell (2023) include brief, non-technical overviews of linkage
in the CGED-Q as part of their overviews of the methods used in the project. We describe linkage procedures
for two of our other publicly released datasets, the China Multigenerational Panel Datasets (CMGPD)
Liaoning (LN) and Shuangcheng (SC), in Appendix A of Lee and Campbell (1997), Lee, Campbell and Chen
(2010) and Wang et al. (2013). According to personal communication with the leaders of the China
Biographical Database and Modern China Historical Database projects, they do not yet have any publications
describing their procedures for linkage and disambiguation.

8 Segmentation of text is also important because in the absence of spaces between words, there are instances
where the last character of one word and the first character of the word that immediately follows might be
mistaken for a name.

HISTORICAL LIFE COURSE STUDIES, VOLUME 12 (2022), 233-259


https://github.com/psychbruce/ChineseNames
https://github.com/psychbruce/ChineseNames

Nominative Linkage of Records of Officials in the China Government Employee Dataset-Qing (CGED-Q)

appearance, and meaning, and then ranking pairs of characters according to their similarity. Chen et al. (2018)
proposes a "SoundShape Code" for Chinese characters that reflects their pronunciation and appearance,
and which may be used as a basis of measuring similarity between two characters in a pair. Xu, Zheng and Li
(2020) combine the SoundShape Code for individual Chinese characters with the Dice similarity measure for
strings of potentially different lengths. Such methods address a challenge that we describe below: because
of errors in the original source or errors during our transcription, the names of the same individual may
appear with slightly different characters in different records in our dataset. Characters may be replaced by a
homonym that looks different, or with a visually similar character that is pronounced very differently.

CHINA GOVERNMENT EMPLOYEE DATASET-QING JINSHENLU
(CGED-Q JSL)

We constructed the China Government Employee Dataset-Qing Jinshenlu (CGED-QJSL) from Jinshenlu
(45#8%%) and Zhongshubeilan (FHEHEE) rosters of Qing civil and military officials respectively that
were produced every three months. We have described the CGED-Q JSL and the sources from which it
was constructed in detail elsewhere (Chen et al., 2020; Ren, Chen, Hao, Campbell, & Lee, 2016, 2019)
and only provide key details here. Official editions of the Jinshenlu and Zhongshubeilan were produced
by the Qing Ministries of Personnel and War, respectively.? The government used the official editions
to keep track of posts and the officials who held them. In the 19th century, commercial publishers
produced and sold editions that supplemented information on officials from the official editions with
additional information collected by the publishers.'® Purchasers of commercial editions used them for
a variety of purposes, including searching for vacant positions and locating kin, classmates, or other
connections who they knew were officials.

At the time of writing, the CGED-Q JSL contains 4,433,600 records from 275 Jinshenlu editions and
75 Zhongshubeilan editions. Each Jinshenlu roster lists 13,000 to 15,000 posts in the civil service and
identifies the officials who held them. Zhongshubeilan rosters each list approximately 8,000 military
posts and the officers who held them. The editions in the CGED-Q JSL are from the period 1762 to
1912. Coverage is sparse before 1830, but very complete after that year. From 1830 to 1911, the
CGED-Q JSL includes at least one Jinshenlu edition from nearly every year. In many years, it includes
all four quarterly editions. Zhongshubeilan are sparser and the gaps between them are longer.

78.9% of officials were ordinary citizens (minren, B A) and almost all the remainder were Bannermen
(giren, TEA). The vast majority of minren were what we would now refer to as Han Chinese."
Bannermen were hereditary affiliates of the Eight Banners, originally the army used to conquer China
and establish the Qing in 1644, and in the 18th and 19th centuries, an organization used by the Qing
state to maintain political and military control. Most officials who were Bannermen were Manchu or
Mongol, but 16.4% were Han Chinese. The latter were referred to as Han Martial Bannermen (hanjun
giren, JEEJE ). They were the descendants of Han Chinese who had been incorporated into the Eight
Banners. Bannermen had a privileged position in the Qing government, with their own pathways to
appointment and promotion, and quotas for certain positions. Thus, even though Bannermen accounted
for only 2%-4% of the population of the Qing (Elliott, Campbell, & Lee, 2016), they accounted for
one-fifth of civil officials overall, two-thirds of civil officials serving in the capital Jingshi (now Beijing)
and 90% of officials in the secondary capital Shengjing (now Shenyang) (Chen et al., 2020, p. 454).

To produce career histories by longitudinal linkage of CGED-Q JSL records of officials, we distinguish
between what we refer to as the primary and secondary attributes recorded for officials. We define primary

9 We refer to the dataset constructed from Jinshenlu and Zhongshubeilan rosters as CGED-Q Jinshenlu
(JSL) because when Zhongshubeilan are available, it is usually as part of a set with a Jinshenlu edition
for the same season. The resulting sets are typically catalogued by libraries and archives as a Jinshenlu
edition. We only have a small number of freestanding Zhongshubeilan editions that are not part of a set.

10 See Chen et al. (2020) for a detailed discussion of the differences in the contents of the official and
commercial editions.
11 What we refer to as minren likely also included members of what since the 1950s have been officially

designated as minority ethnic groups, but the Jinshenlu does not record any information that would
allow us to distinguish them.
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attributes as basic and stable information about an official that are available in all or nearly all records and
should be available in almost any other source that we might wish to link to. The most important of these
are the names. We define secondary attributes as characteristics that are specific to the CGED-Q JSL and
may not be available in other sources or recorded in every edition of a Jinshenlu or Zhongshubeilan. They
may also be attributes that vary over time, for example, the official's current position. These may be used
to adjudicating candidate links made based on the primary attributes, but on their own are not sufficient
for linkage within the CGED-Q JSL or between the CGED-Q JSL and CGED-Q ER.

For linkage, we separate officials according to whether they had a surname recorded because the primary
attributes available for officials with surnames differed from those available for those without surnames.
Officials with surnames accounted for 80.2 % of records. These included all the minren and one-third of the
Han Martial Bannermen.™ Basic information recorded for them included not only their surname (xing, %)
and given name (ming, %) but also their place of origin. The latter was usually the province and prefecture
or county of origin, though there are complications that we discuss below. Officials without surnames
included all Manchu (Manzhou, j#M) and Mongol (Menggu, Zt5) Bannermen and two-thirds of Han
Martial Bannermen.> The only attributes recorded for officials without surnames that were in principle stable

were given name and Banner affiliation (gifen, 1£73"). We use these as the primary attributes for Bannermen.

The primary attributes for officials with and without surnames differ in terms of their ability to uniquely
identify officials within an edition. For officials with a surname, the combination of surname, given name,
and province and county of origin was usually unique within an edition. If these were all recorded reliably
and consistently across every edition, they would in principle be sufficient for linkage. Table 1 summarizes
the number of repetitions of combinations of primary attributes within each quarterly Jinshenlu edition.
For officials with a surname, 95.0% of the combinations of surname and given name were unique within
their edition. In other words, for 95.0% of records, there was no other record in the same edition with
the same surname and given name. For 4.4% of records, there was only one other record in the same
edition with the same surname and given name. 98.1% of records of officials with a surname were
unique within their edition in terms of the combination of surname, given name, and place of origin. Our
investigations have revealed that for these officials, most repetitions within the same edition all refer to
the same official. If an official held more than one post, there was a separate record for each of them.

Table 1 Uniqueness of primary attributes of officials within each quarterly edition of the
Jinshenlu, 7760-1912

Officials with a surname Officials without a surname

Surname and

Given name + Place of origin Given name + Banner

Repetitions within an edition? % % % %

1 95.0 98.1 64.0 88.0
2 4.4 1.7 19.9 929
3 05 0.2 8.2 14
4 0.1 0.0 4.0 04
5 or more 0.01 0.0 3.9 0.4
Total 100 100 100 100
Records 2,817,156 2,817,156 784,502 784,502

@ Repetitions refers to the total number of records in the same quarterly edition with the specified
combination primary attributes.

For officials without surnames, given name by itself is not sufficient for linkage. Only two-third of
records recorded a given name that was unique within the quarterly edition. One-third of records
had a name that appeared in one or more other records. When Banner affiliation was added, 88%
of records became unique within their quarterly edition in terms of the primary attributes. 12% of
records had a given name and Banner affiliation that appeared in at least one other record in the same

12 Exactly one-third of the officials recorded as Han Marital Bannermen had a surname recorded. The
remainder did not, presumably because they had taken Manchu names. See Campbell, Lee and Elliott
(2002) for a discussion of the adaptation of Manchu names by Han Chinese in northeast China.

13 Manchu and Mongol Bannermen accounted 71.4% and 12.2% of Bannermen, respectively.
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quarterly education. Based on our investigations, these reflect some cases where the same official held
more than one office, as well as cases where two different officials had the same name.

These results highlight that the approaches to linkage must differ according to whether a surname was
available. For officials with a surname, as discussed above, the combination of surname, given name,
and province and county of origin all written in Chinese characters is likely to be unique, and false
positives in which records of different officials are mistakenly linked together should be rare. The main
task for linkage of officials with a surname is avoiding false negatives in which an inconsistency in the
recording of the name or some other attribute prevents a link from being made. For officials without a
surname, the risk of false positives is high because surnames and place of origin are not available, and
there are enough officials who share the same combination of given name and Banner affiliation to
raise concerns that two records with identical name and Banner affiliation may refer to different officials.

Below we introduce the primary and secondary attributes in detail and assess their usefulness for linkage,
with a focus on their homogeneity or heterogeneity. We divide our discussion of attributes between those
available in records of officials with surnames and those available in records of officials without surnames.

3.1 ATTRIBUTES AVAILABLE FOR OFFICIALS WITH SURNAMES
3.1.1 SURNAMES

Because a small number of surnames accounted for a large share of the records of officials, surnames are
of limited utility as a primary attribute for linkage. According to Table 2, which presents the cumulative
percentages of records accounted for by the 100 most common surnames in the CGED-Q JSL, the five most
common surnames appeared in one-quarter of the records. These were Wang (E) , Zhang (58), Li (%),
Chen (F%) and Liu (2l). The top 10 surnames accounted for 38.3% of the records of officials with surnames.
The top 20 surnames accounted for approximately one-half of the records, and the top 200 accounted for
95.1%. There were a total of 1626 distinct surnames recorded, though the actual number was lower because
in this tabulation a surname may have more than one entry if the character appears in more than one form.

Table 2 Cumulative percentages of the top 100 most common surnames in the CGED-Q JSL,
1760-1912

1-20 21-40 41-60 61-80 81-100
Surname %  Surname %  Surname %  Surname %  Surname %
1 * 6.6 % 51.6 = 65.4 #t 75.0 [ 81.5
2 BiS 12.7 it 52.4 5 65.9 & 75.4 = 81.8
3 = 18.7 28 53.3 B 66.5 B 75.7 =] 82.0
4 54 235 =) 54.1 =1 67.1 H 76.1 B 823
5 2l 27.7 B 54.9 # 67.6 &= 765 B 82.6
6 2 30.6 Y3 55.6 Vil 68.2 E 76.8 i 82.8
7 5 328 = 56.4 1 68.7 215 77.2 g 83.1
8 & 34.7 7 57.1 == 69.3 i3] 775 83.3
9 = 365 2 57.8 = 69.8 = 77.8 & 83.6
10 itz 383 ok 58.5 70.3 Gl 78.2 il 83.8
11 EN 40.0 E3 59.2 5 70.8 L 785 = 84.1
12 #% 415 £ 59.9 = 71.3 B 78.8 = 84.3
13 A 429 EN 60.5 1 71.7 21! 79.2 = 84.5
14 5 44.2 e 61.1 52 722 = 795 E 84.8
15 o 454 & 617 fE 72.6 T 79.8 7 85.0
16 = 46.6 T 62.4 B 73.0 3 80.1 F 85.2
17 fa 47.8 2 63.0 L 73.4 L 80.4 i 85.4
18 L 48.8 R 63.6 Bk 73.8 Pl 80.7 ol 85.6
19 & 49.7 = 64.2 s 74.2 a 80.9 B 85.8
20 pas 50.7 & 64.8 = 74.6 = 81.2 152 85.9

Note: Based on authors' calculations on 3,244,484 CGED-Q JSL records with a legible surname.
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One issue that arises with linkage based on surnames is that a character may be replaced with one that
looks similar in an adjacent edition. Of the 1,559,380 pairs of records in editions which were no more
than one year apart and almost certainly referred to the same official because they recorded the same
two-character given name, province and county of origin, and position and broad category of degree
qualification, 20,055 pairs (1.3 %) differed on the character written for the surname.'* Table 3 presents
the cumulative frequencies of discordant pairs of surnames. The most common discordant pair (= &)
accounted for 22.4% of discordant pairs overall, the top 20 accounted for nearly two-thirds (63.1%)
and the top 100 accounted for 79.2%.

Inspection of the results in Table 3 reveals two common issues that may generate false negatives, in
which records of the same official are not properly linked. The first issue is that some pairs are the same
character written in variant forms (Yitizi, £825). The four most common pairs in Table 3 are examples:
Zand &, 2 and &, § and B, and 8 and & are different ways of writing the surnames Huang, Wu,
Gao, and Lu respectively. In the Unicode standard these are recognized as different representations
of the same character, and as we describe below, this is straightforward to address. The second and
more challenging issue is that sometimes between editions a character for a surname is replaced by
one that looks similar but is a completely different character. Examples in Table 3 include the fifth entry
(B, Xia and E%, Duan), the seventh entry (5], Song and K, Zhu), the 10th entry (X, Wang and £,
Waéng), and the 15th entry (55, Ma and /%, Feng). These issues reflect either inconsistencies in the
production process across different editions or transcription errors by coders. There are also examples
of discordant pairs in Table 3 that consist of characters that are clearly different, for example the 24th
entry 58 & (Zhang and Zhang) and the 28th entry 72 & (Cheng and Chen). In most of these cases, one
or both characters are relatively common surnames. While there is some possibility that these could be
from records of different people, they may also be transcription errors that occurred during data entry.

Table 3 Cumulative percentages of the top 100 most common discordant pairs of surnames in
adjacent editions in the CGED-Q JSL

1-20 21-40 41-60 61-80 81-100
Pair % Pair % Pair Y% Pair % Pair Y%
1 28 22.4 #E 63.7 B0 &B 70.7 & E 74.6 e 77.2
2 2= 357 7@ 64.2 ] 71.0 TT 74.7 i 77.3
3 =N 41.4 ®Bs 64.7 =) 71.2 )] 749 @ & 77.4
4 = 44.8 RE 65.1 i A% 715 i 75.0 A g 775
5 R B 47.2 0 #0 65.6 KRR 71.7 T 75.1 #E 77.6
6 % 1% 493 21 [ 66.0 RR 71.9 = 75.3 =REr 77.7
7 KK 51.3 EH 66.4 e 72.1 5k & 75.4 RE 77.8
8 B E 52.8 12 B 66.8 5B &6 72.4 E=— 755 ® & 78.0
9 T E 54.1 %5 67.1 Eg— 72.6 AR 75.7 & ik 78.1
10 & & 55.3 & 675 B8 72.8 KRR 75.8 5K 15 78.2
11 5 56.5 1% 5 67.8 FE 729 B=E 75.9 3538 783
12 R Al 57.5 Ec s 68.1 =R 73.1 58 o 76.1 L E 78.4
13 [5E B8 58.4 KRR 68.4 5= 733 THE 76.2 EE 785
14 R 59.2 BE 68.8 BE 735 ER 76.3 H 18 78.6
15 55 59.9 == 69.1 B 73.6 EE 764 T= 78.7
16 IR 60.6 % 1E 69.4 EE 73.8 Nl 76.6 # % 78.8
17 EH R 61.2 FE 58 69.6 21 &l 74.0 g 76.7 &35 789
18 B 61.9 &A1& 69.9 B2 74.1 B BR 76.8 BB 79.0
19 IE 62.5 K=E 70.2 = g== 74.3 & E 76.9 =2 79.1
20 i 18 63.1 B P 70.5 E= 74.4 # #0 77.0 %R 79.2

Note: Of the 1,559,380 pairs of records in adjacent editions no more than one year apart that were
identical on given name, province and county of origin, broad category of degree qualification, and
position, 20,055 (1.3 %) were discordant.

14 Degree qualification refers to the examination or purchased degree that qualified a minren official for
appointment to office. This is a secondary attribute that we discuss below.
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3.1.2 GIVEN NAMES

Given names (Table 4) were the most diverse of the primary attributes available for officials with
surnames, and therefore the most useful for record linkage. We distinguish between records of officials
with two- and one-character names. The former accounted for 85% of the records and the latter
accounted for the remainder. A total of 102,648 distinct given names appeared in our data, 98,745 of
which were two-character names, with the remaining 3,903 being one-character names. According
to Table 4, two-character names were very diverse. The top 100 accounted for only 5.7% of records,
the top 200 accounted for 9% of records, the top 1,000 accounted for 23 % of records, and the top
10,000 accounted for only 61% of records. The diversity of two-character names reflects the large
number of characters available to choose from: we found that at least 5,764 different characters made
at least one appearance in a two-character given name in the CGED-Q JSL."

Table 4 Cumulative percentages of the top 100 most common two-character given names of
officials with surnames in the CGED-Q JSL

1-20 21-40 41-60 61-80 81-100
Given name % Given name % Given name % Given name % Given name %
1 R 0.1 R 17 I 29 BE 39 il 49
2 IR 0.2 YRS 1.8 (ES 3.0 “#E 4.0 BE 49
3 (ST 03 =he 1.8 7T 3.0 R 4.0 X 49
4 =) 0.4 LEZV 1.9 B 3.1 Hiz 4.1 Z5B 5.0
5 e 0.5 HE 20 2% 3.1 pFi) 4.1 5E 5.0
6 ERR 0.6 e 2.0 HE 3.2 HE 4.2 fEcEs) 5.1
7 fE S 0.7 iERE 2.1 BE 3.2 e 4.2 ER 5.1
8 E5ic) 0.8 BL5 2.2 FE] 33 RE 43 i 5.2
9 4] 0.9 TE 2.2 XET 33 SRR 43 = 5.2
10 BEE 1.0 Ei=] 23 BRR 3.4 Eikes 4.4 EIES 5.2
11 HE 1.0 BE 23 R 34 BE 4.4 =18 5.3
12 T 1.1 pY§- 2.4 B 35 EF 4.4 [ESE) 53
13 JRER 1.2 R&E 25 byetic] 35 =FH 45 Bi5 5.4
14 BT 1.2 Bm 25 B ¥ 3.6 BE 45 Ptz 5.4
15 XH 13 BT 26 fES2) 3.6 ER 4.6 RE 5.4
16 HEER 1.4 R 2.6 &5 3.7 KA 4.6 fiai=! 5.5
17 EIE)| 1.4 B 2.7 28 3.7 KB 4.7 XA 55
18 g 15 e 2.7 HERT 3.8 ER 47 N 5.6
19 52 1.6 B 45 2.8 BE 38 BN 4.8 hE 5.6
20 e 1.6 58 2.8 BE 3.9 fER)= 4.8 BE 5.7

Note: Based on authors' calculations on 2,718,433 CGED-Q JSL records with a legible surname and a
legible two-character given name.

Like surnames, characters in given names may also be inconsistent across different quarterly editions.
If not addressed, this may also lead to false negatives. Table 5 repeats the exercise for surnames
carried out in Table 3 for the characters in two-character given names.’ It presents the cumulative
percentages of discordant pairs, defined as characters in given names that differ between records in
editions that are no more than one year apart, and where the surname, one of the two characters in
the given name, place of origin, position, and degree qualification are all identical. Out of 1,539,198
such pairs of records, 4.34% (66,994) differed on one character in the given name. Discordant pairs of
characters in given names were much more diverse than was the case for surnames. The most common

15 We have included the complete tabulation of characters making at least one appearance in a two-
character given name as one of the files available for download at the Harvard and HKUST Dataverses
for this paper.

16 Restricting to a two-character name and then including the requirement that at least character in the
name matches substantially increases the likelihood that two records that match on everything else refer
to the same person.
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discordant pair (& and J&) accounted for only 3.7% of discordant pairs. The top 20 accounted for
one-fifth (20.3%) of discordant pairs, and the top 100 accounted for 39.2%.

Once again, the most common issue is that between one edition and the next, a character was replaced
with a variant, of which the seven most frequent pairs are all examples. J& and )&, for example, are both
ways of writing the same character (Qing). However, there are also cases where a character is replaced
by one that is different but looks similar. The 12th, 14th, 22nd and 39th entries are examples: 1§ (Fu)
and {& (Chuan), & (Si) and & (En), 1& (Zeng) and & (Ceng), and 5E (Xian) and 7% (Guang), respectively.
Again, this likely reflects a problem during the production of the source, or during the transcription.

Single-character names were less diverse. According to Table 6, the top 10 most common single-
character names accounted for 6.6% of records with single-character names and the top 100
accounted for 37%. According to separate tabulations, the top 200 accounted for 54% and the top
500 accounted for 78%. According to a separate tabulation like the ones in Tables 3 and 5 but not
shown here, the patterns in discordant pairs are like those in Table 5. Most discordant pairs consisted
of the same characters written differently or similar looking characters that could be mistaken for each
other. There were examples, however, of characters that were clearly different, at least raising the
possibility that they were men from the same county with the same surname and post who should not
be linked. Accordingly, we link records of officials with single-character names separately, with more
stringent criteria for match on other attributes when assessing candidate links.

Table 5 Cumulative frequencies of the 100 most common discordant pairs of characters in
two-character given names in records of officials with surnames in adjacent editions
in the CGED-Q JSL

1-20 21-40 41-60 61-80 81-100
Pair % Pair % Pair % Pair % Pair %

1 V=1 37 15 e 20.8 278 27.8 i+ 32.7 == 36.4
2 EulE) 57 1 21.2 -2 28.1 E= 329 as 36.6
3 iR S 7.0 =R 21.6 S 28.4 =3 33.1 == 36.7
4 B B 83 %R 22.0 515 28.6 B 333 W A 36.9
5 55 9.5 fIE §E 22.4 B¥ B% 289 t+ 335 =i 37.0
6 == 10.7 B R 228 4 i 29.2 BE 337 BX 37.2
7 == 11.7 = = 23.2 (o3 29.4 I8 # 33.9 B % 373
8 i 12.7 J2 12 23.6 & B 29.7 BB 34.1 HHE 375
9 EE 13.6 & 18 24.0 D) 29.9 M 4 343 riilhieq 37.6
10 EE 14.4 R R 24.3 48 4 30.1 B &R 345 et 37.8
11 S E] 15.2 BE BB 24.7 = 30.4 Y& HE 34.7 RE 37.9
12 BE 15.9 ik Bk 25.0 AN 30.6 i 34.8 B 38.1
13 B5 16.7 R B 25.4 | 30.9 = 35.0 35 583 382
14 55} 17.3 e 25.7 A 31.1 % I 35.2 & 384
15 5 & 179 Ep 26.0 Bt Bt 313 ¥ £ 354 =l ] 385
16 fE $8 185 ER] 26.3 gz 31.6 48 4B 356 & 386
17 BEZE 19.0 BRI 26.7 Vol 31.8 A A 357 EiE 388
18 JBR BR 194 1 5 27.0 i) 32.0 BE=E 359 K& 389
19 = E 19.9 Vi 27.3 ot 323 ol 36.1 2E 39.1
20 Bt Bt 203 T et 27.6 g 325 Vel 36.2 EE 39.2

Note: In the 1,539,198 pairs of records with legible surname and two-character given names in adjacent
editions no more than one year apart that were identical on surname, one character of the given name,
province and county of origin, broad category of degree qualification, and position, there were 66,994
discordant pairs.
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Table 6 Cumulative percentages of the top 100 most common one-character given names of
officials with surnames in the CGED-Q JSL

1-20 21-40 41-60 61-80 81-100
Character %  Character %  Character %  Character %  Character %

1 # 0.9 bl 12.0 & 20.2 B 269 S 325
2 g5 1.7 | 124 B 20.6 e 27.2 55 32.7
3 i 24 ped 12.9 s 21.0 ikl 275 b4 33.0
4 A 3.0 IR 134 = 213 i 27.8 pi=| 332
5 i 3.7 e 13.8 i 21.7 * 28.1 B 335
6 fiad 43 & 14.3 P 22.0 5 284 5 33.7
7 b 49 & 14.7 T 22.4 A 28.7 = 34.0
8 P 55 = 15.1 & 22.7 i 29.0 e 34.2
9 1 6.0 15.6 il 23.0 i 293 ESh 345
10 5 6.6 el 16.0 15 234 i 295 7 34.7
11 = 7.2 Z= 16.4 27 23.7 g 29.8 p= 34.9
12 R 7.7 il 16.8 = 24.0 B 30.1 & 35.2
13 # 8.2 it 17.2 Eac 243 = 304 X 354
14 e 8.6 ¥l 17.6 b 24.7 12 30.6 & 357
15 = 9.1 i 18.0 Eil 25.0 b2 309 S 359
16 ey 9.6 ESS 18.4 20 253 b 31.2 b 36.1
17 & 10.1 3 18.7 7T 25.6 £ 31.4 = 36.3
18 =] 10.6 ) 19.1 b 25.9 ] 317 p: 36.6
19 & 11.0 i 195 12 263 # 320 = 36.8
20 # 115 s 19.9 1% 26.6 i 3222 iz 37.0

Note: Based on authors' calculations on 514,417 CGED-Q JSL records with a legible surname and a legible
one-character given name.

The given names recorded in the CGED-Q JSL should otherwise be stable and in our experience are the ones
recorded for officials in their family genealogies and other sources like the CGED-Q ER, not their courtesy
name (biaozi, FF) or style name (hao, 5%). We have shared data with researchers who have constructed
datasets from lineage genealogies, and they report success linking men in the genealogies to officials in the
CGED-Q JSL based on the names in the genealogies. Users of our CGED-Q JSL search page also report
success locating ancestors or other figures based on names recorded in genealogies or other sources.'” As
for the stability of names, while we have not explicitly searched for cases where an official appeared to
change their given name, we are not aware of any cases where someone appeared with two different given
names except as the result of problems with the sources or transcription process that we discuss below.®

3.1.3 PLACE OF ORIGIN

For place of origin, the available level of detail differed between the civil officials recorded in the
Jinshenlu and the military officials in the Zhongshubeilan. The place of origin was where an official had
first sat for an exam. In most cases this was where their family lived, but as we will discuss below, there
were exceptions. 95% of the records of civil officials with surnames in the Jinshenlu specified county
of origin and either specified province of origin or allowed for it to be inferred from the province in
which the official was currently serving.’ Of the records of military officers with surnames in the
Zhongshubeilan, 13% had both province and county of origin, 84 % only had province of origin and
3% had county of origin.

17 The search page is located at http://vis.cse.ust.hk/searchisl/.

18 If evidence emerges that officials did change their name, we will have to revisit our procedures for
linkage within the CGED-Q JSL to produce career histories, as well as our procedures for linkage to other
sources like the CGED-Q ER.

19 Province of origin could be imputed from province of current post because the Jinshenlu typically omitted
province of origin for officials serving in their home province.
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For civil officials, the place of origin was diverse, though not as diverse as the given name. Table 7
presents the cumulative percentages for the 100 most common places of origin as recorded for officials
with surnames in the Jinshenlu. In most cases this is the province and county or prefecture where
an official earned the shengyuan (4 8) degree that made them eligible to sit for further exams or
purchase the degrees that would qualify them for office. Since usually the county was recorded, not
the prefecture, below we will only refer to county. A total of 10,156 distinct combinations of province
and county or prefecture appeared in the CGED-Q JSL. For reasons that we discuss below, this is larger
than the actual number of counties and prefectures at any given time.

The top 10 places of origin accounted for 16.7% of records and the top 100 locations accounted for
45.4% of records. The two most common locations, Daxing (X&) and Wanping (32F) in Shuntian
(IEX) require explanation. These were the locations where the sons and possibly other male kin of
officials serving in the capital originally sat for their exams. In these and a small number of other cases,
the official's family's place of origin was somewhere else.?° As long as province and county of origin of
these officials were recorded consistently in every edition in which they appeared as the prefecture in
Shuntian where they took the linkage, there is no problem for linkage. Many of the other top counties
of origin were in Zhejiang, traditionally an important source of exam passers, degree purchasers, and

officials. Other top counties of origin included Changsha (7)) in Hunan (=) in fifth place, Tianjin
(K32) in Zhili (B##) in seventh place, and Chengdu (5% #B) in Sichuan (Z9)11) in ninth place.

Table 7 Cumulative percentages of the 100 most common places of origin of civil officials with
surnames
1-20 21-40 41-60 61-80 81-100
Province Province Province Province Province
and and and and and

County %  County %  County %  County %  County %

1 g R A S 52 Gd6ER S 234 MIER 316 WAFEE 375 IAEE 419
2 X 58 75 I#%i% 239 EHIEZE 319 MIIEE 377 WEEE 4241
3 g AN = 96 HfiE=lt 243 BEREMN 322 SIFEFE 380 HUIgRpk 423
4 MIgE 111 ENERE 248 EHFUE 0 325 WAEAMK 382 JTHEEE 425
5 MEED 122 WERFm 0 252 ER=E 329 MIRH 385 HEMEE 427
6 AR 132 wmEE% 257 I 332 ZHAER 387 EBERANR 429
7 BERARE 142 Umkm 261 ZHEOEH 335 EREFES 389 MARZR 4341
8 AIEEE 151 MREAmZE 265 EmMERE 338 EHFEKF 392 UmE® 433
9 W& 159 EEM 269 EREE 341 JI#=E 394 ZHEKFE 435
10 AWIWPE 167 MUIABEL 273 LHIFEER 344 LHERE 396 ZHIEER 437
11 BREM 174 wIdEl 278 WAL 347 JI&EE 398 JIEEM 439
12 MIRZE 181 @EEE 282 JIHEM 350 EHEPBRFRE 401 JIEEHMN 440
13 ZEUEE  18.8 JUmIMERT 286 AEM 353 JIERER 403 MNIFK 0 442
14 IFEE 195 ERE 290 WWIRE 356 SIFEE 405 WUREE 444
15 @EGM 201 WIMMN 294 WAXKE 359 ZHER 407 BEEREW 446
16 JI&Lbrr 208 MUImEE 298 ERmE 361 WUEREE 409 HdEEMN 447
17 CI#gBH 213 BERE 301 JIEEMR 364 MILEE 411 JUEmEE 449
18 JT#EE 219 BMWNEH 305 WEHFM 367 JIAFE 413 JIEEE 451
19 IEXREM 225 JIg0IAE 309 EEiEx 0 370 HFIEX 415 JTEEE 453

20 HETE 23.0 IEE 312 WWEEM 372 ENEBEx 417 UEEE 454

Note: Based on 2,615,955 records of officials with surnames in the Jinshenlu with both a province and
county of origin recorded. We exclude military officials in the Zhongshubeilan because they rarely had
county of origin included.

There were two main reasons that the number of combinations of province and county appearing in
the data was larger than the number of counties at any given time, and these require attention during

20 There were too few secondary places of origin included to be of much use in linkage. Of the records that
included a province and county of origin, only 13,533 (0.39%) listed an additional place of origin.
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linkage. First, the province of origin listed for an official could change between editions even when
the county of origin did not.?" Out of 1,789,985 pairs of records in adjacent editions with identical
surname and given name, position, and degree qualification, there were still 0.1% (1941) in which the
province changed. This could occur because a provincial boundary was redrawn, but in other cases it
was likely the result of a mistake during the production of the edition or the transcription by coders.
Several sets of adjacent provinces stood out for the frequency with which one was replaced by the
other across two records of the same official with the same county of origin listed: 1) Guangdong and
Guangxi, 2) Zhejiang, Jiangsu, Jiangxi, and Anhui, 3) Hubei and Hunan, 4) Shandong and Shanxi, 5)
Shuntian and Zhili, and 5) Shaanxi and Gansu.??

Second, the characters used to write the name of a county could differ across editions. Out of 1,581,616
pairs of records in adjacent editions that had an identical surname, given name, province of origin,
degree qualification, and position recorded, there were 3.6% (57,066) in which the county differed.
Almost all of these were situations where a character within a county name was replaced with a variant
form of the same character, as happened above with the surnames and characters that were part of
given names. For example, the third and 10th most common counties (LLIf2 and LLPE) in Zhejiang
(#17I) are the same county (Shanyin) but the second character of the county's name appears in the
original source in two different forms. Similarly, the 22nd and 57th most common counties (52 and
25%) in Jiangsu CL&F) are the same county (Wuxian), but the first character appears in the original
in two different forms. Other examples include Qiantang (853 and #£1#) in Zhejiang and Qingyuan
(A%e and j5%8) in Zhili.?

The cumulative implication of the discrepancies for surname, given name, and location for nominative
linkage across the career of all the records of an official across their career is serious. By combining
the discrepancy rates for the primary attributes, we can produce estimates that for two records of the
same official in two adjacent editions, at least one of the four primary attributes differs. Assuming
independence between the probabilities of each of the four primary attributes differing, we have 1-(1-
0.035)(1-0.001)(1-0.0434)(1-0.0128) = 0.0896, or 8.96%. Assuming a typical career length of five
years, or 20 quarterly editions, the probability of a discrepancy in at least one pair of records is 83.2%
(1-(1-0.0896)"). In other words, assuming independence of these probabilities, it is almost certain that
for any official whose career lasted for more than a few years that at least one of their records will not
match exactly, and in the absence of measures to accommodate discrepancies, the records of many if
not most officials with careers of more than just a few years of service will be split incorrectly into two
or more officials. Below, we will present tabulations from career histories of officials produced by our
linkage to show that such discrepancies were indeed common.

3.1.4 SECONDARY ATTRIBUTES

Secondary attributes help adjudicate in situations where the primary attributes in a pair of records of
officials with a surname are close but not an exact match. As we discuss below, they may be useful to
confirm a candidate match, but by themselves they are rarely adequate to rule one out because they
are not recorded completely, may not be recorded in a consistent fashion, or may change. For example,
commercial editions tended to recorded more details that could be used as secondary attributes than

21 The Zhongshubeilan editions had additional complications. In the Zhongshubeilan rosters of military
officials, Huguang (&) appeared as a province of origin in some late 18th century and early 19th
century editions. This was a combination of Hunan and Guangdong. We assigned the four counties
that were associated with Huguang to Hunan. These were Z#! (Cili), #8F% (Qiyang), #iF% (Hengyang),
and &Y (Daozhou). Similarly, in the Zhongshubeilan and sometimes in the Jinshenlu, counties in
Jiangsu, Zhejiang, Anhui and sometimes Jiangxi were listed as being in Jiangnan CLE).

22 When we compared records in adjacent editions that were less than three years apart and which were
identical on the surname, given name, county of origin, degree qualification and position, there were 36
cases where an official from Lingui (B#4%) county was listed as being from Guangdong in one record and
Guangxi in another, 25 cases where someone was listed with Changping (&) as county of origin and were
listed as being from Shuntian province in one record and Zhili province in the other, 21 cases where an
official from Dantu (F}HE) county was listed as being from Jiangsu in one record and Jiangxi in the other,
and 19 cases where an official from Hanyang (%[5%) was listed as being from Hubei in one record and
Hunan in the other. Counties that switched between Shuntian and Zhili in more than 10 cases included
Baoding (fR7E), Wuging (&75), Ninghe (E1]) and Wanping (52F).

23 We have made a list of pairs of discordant counties available at the same website as the other tables.
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official editions (Chen et al., 2020). Available secondary attributes for officials with surnames include
the exam or purchased degree that qualified an official for appointment, the official position, courtesy
or style name, and title.

The most important of these are degree qualifications. 84.2% of the records of officials with surnames
included the examination or purchased degree that qualified them for appointment (chushen, 11 5).
For some officials who held a jinshi or juren examination degree, the name of the degree wasn't
included in the record, but the year (ganzhi,F3%) in which they earned their degree was included.
Since the provincial and metropolitan exams were the basis of the juren and jinshi were held in
different years, whether an official held a juren or jinshi could be inferred from the exam year. When
jinshi or juren inferred from exam year are included, 93.2%of records of officials with surnames
specified a degree qualification. Hundreds of different degrees were recorded in the original, but for
89.3% of them, the degree fell into one of the following five broad categories: 1) Jinshi (#£1) degrees
for graduates of the Metropolitan Exam, 2) Juren (22 \) degrees for graduates of the provincial exam,
3) Regular gongsheng (IEZRE4) degrees earned by examination, 4) Irregular gongsheng (%8
) degree acquired by purchase, or 5) Purchased jiansheng (8s4) degree.>* Of 1,405,138 pairs of
records in adjacent editions that matched on surname, given name, place of origin, and post and
which had a degree qualification recorded in the original source, only 7.5% (106,007) changed their
degree between two editions. Nearly all these changes were within the broad categories above and
represented different ways of writing the same degree. Actual transitions between broad categories
were rare.?

Official post is useful for confirmation of candidate matches. Relevant information includes an official's
job title (guanzhi, EH). For officials in the capital, their ministry and department were recorded. For
officials outside the capital, their province, prefecture, and county were recorded. According to our
calculations based on record pairs in adjacent editions that were identical on all primary attributes,
7.3% of job titles changed between editions, either because the official changed jobs, or because
the title was written differently. If we consider the entire post, including the geographic location or
ministry and department, 12.6% changed between editions. Again, this reflected not only actual
changes, but inconsistencies across editions in recording. The recorded post had high specificity: for
85 % of the records of officials with a surname, the combination of geographic location or ministry and
department and job title was unique within the quarterly edition. We have also mapped posts to the
numeric bureaucratic ranks used in the civil service (pinji, Ga#k) and then categorized these numeric
ranks as high, middle, low, and unranked. Below, this helps us assess whether two records with the
same name belong to the same or different officials.?

Some other attributes were recorded only for a few officials, but when they were recorded, could
be useful for helping to confirm a match. One of these was the official's courtesy name (biaozi,
<) or style name (hao, 3%). 11.7% of the records of officials with a surname included a courtesy or
style name alongside the given name. Whether or not these names were recorded also varied across
editions: In 74 of 275 Jinshenlu editions, no courtesy or style names were recorded at all. They are
also not systematically available in the CGED-Q ER, limiting their usefulness for linkage to that dataset.
Titles (juewei, i) were recorded consistently, but only 0.5% of civil officials with a surname had
one. Year of appointment to the current post and related information could be useful but they are only
available for 60.2% of records of officials with a surname in the CGED-Q JSL, and not available at all
in the CGED-Q ER. 57 Jinshenlu editions do not record year of appointment to the current post.

24 A small number of civil officials in the Jinshenlu and many military officials in the Zhongshubeilan had
military exam (E,28) degrees. A small number of officials were yinsheng ($24), that is holders of a
hereditary honorary status. See Chen et al. (2020) for a detailed discussion of these degrees, including
tabulations and trends over time.

25 When transitions between broad categories did occur, they were upward, occurring when an official
passed a higher exam while serving. The most common was from jiansheng to juren, of which there
were 1022 cases. There were 633 transitions from juren to jinshi.

26 When officials held two or more posts at the same time, they tended to be within the same rank
category or in adjacent categories. Similarly, when officials changed post between editions, it was usually
between posts in the same or adjacent rank categories. Transitions from high to low or high to unranked
were extremely rare.
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3.2 ATTRIBUTES AVAILABLE FOR OFFICIALS WITHOUT SURNAMES

3.2.1 GIVEN NAMES

26,727 distinct given names appeared for officials without surnames in the data. In principle, all or
almost all of these officials should have been Bannermen, mostly Manchu but in some cases Mongol.
84.1% of the given names consisted of only two characters, 11.2% three characters and less than 1%
four or more characters. According to Table 8, the top 100 names accounted for 8.6 % of records. This
was only slightly higher than the 6.6% accounted for by the top 100 given names of officials with a
surname. The main difference is that the distribution of given names of officials without surnames has
a shorter tail: separate calculations reveal that the top 200 account for 13%, the top 1,000 account
for 36%, and the top 10,000 account for 92%. By contrast, the top 10,000 names accounted for
only 64% of the records of officials with surnames. While the smaller number of officials without
surnames may have accounted for the overall smaller number of distinct given names, it should not
have affected the shape of the distribution.

Table 8 Cumulative percentages of the top 100 most common given names of officials without
surnames in the CGED-Q JSL

1-20 21-40 41-60 61-80 81-100
Given name % Given name % Given name % Given name % Given name %
1 XA 0.2 i 2.4 BE 4.1 BZ 5.7 iRZ 7.0
2 R 03 NI 25 = 4.2 (EI= 5.7 == 7.1
3 Eu 0.4 (EE S 2.6 HZ 43 BE 5.8 £E) 7.1
4 ety 0.6 I 2.7 X8 4.4 ~E 59 X8 7.2
5 &= 0.7 NS 2.8 AEHR 45 E3% 5.9 X, 7.3
6 AR 0.8 A 29 =8 45 = 6.0 JSPES 7.3
7 RE 0.9 B 3.0 S 4.6 #ih 6.1 ER 7.4
8 B 1.0 EF5 3.0 RS 47 HZR 6.2 B 7.4
9 EE 1.2 BE 3.1 T 4.8 B 6.2 RE 75
10 iy 13 =R 3.2 WE 4.8 Xk 6.3 S 7.6
11 EH 1.4 W 33 X 49 XE 6.4 E=] 7.6
12 R 15 Y& 34 &2 5.0 ©iE 6.4 ] 7.7
13 HAZS 1.6 ER 35 R 51 (HHEEE 65 EES 7.7
14 HE 1.7 B 36 =& 5.1 =2 6.6 B 7.8
15 B 1.8 RiE 3.6 == 5.2 BE 6.6 1E=EH 7.9
16 =r 19 X 37 = 5.3 JSElE 6.7 eyl 7.9
17 B 2.0 FZE 38 R 5.4 T 6.7 X 8.0
18 £ 2.1 I 39 = 5.4 E2 6.8 =gt} 8.0
19 LEZY 2.2 XFH 4.0 B 55 {EsiEE 6.9 W 8.1
20 pogii! 23 =R 4.1 B 5.6 & 6.9 Z|E 8.2

Note: Based on 811,580 records of officials without surnames in the CGED-Q JSL.

The given names recorded for officials without surnames were transliterations into Chinese of originally
Manchu or Mongol names. Bannerman officials had different combinations of characters to choose
from for the transliteration of their name. For example, the most common name in term of toneless
pronunciation, Qing'an, appeared variously as B%, iE%, and JEZ. In the latter two, /& and & are
variants of the same Chinese character. The next most common name in terms of toneless pronunciation,
Xilin, appeared as #5%, 55, B and FAAK. These are all different characters. As a result, our tabulations
of the romanized names without tones reveals that they were less diverse than names written as Chinese
characters. There were 14,560 distinct names if we only consider the pronunciations without tones. The
top 100 accounted for 11.8% of records, the top 200 accounted for 19.4% of records, the top 1000
accounted for half of records and the top 10,000 accounted for 99.0% of records.

In the CGED-Q JSL, changes in the transliterations of the same Manchu or Mongol name across different
editions appear to have been rare. While officials who had the same Manchu or Mongol name may
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have had different transliterations to choose from at the beginning of their career, once they chose one
they do not seem to have changed it later. Of 560,559 pairs of records of officials without surnames in
editions no more than one year apart that were identical in terms of the toneless Mandarin pronunciation
of the name, Banner affiliation, and post, the Chinese characters used to write the name changed in only
2.3% of pairs (13,128). Our further inspection revealed that many of these apparent changes were the
result of replacement of one character in the name with a variant form of the same character.

3.2.2 BANNER AFFILIATION

3.2.3

248

Banner affiliation was stable enough to help confirm candidate links, but there were enough changes
to suggest caution against reliance on it to exclude possible links. Every Bannermen were associated
with one of eight banners defined by a combination of either Plain or Bordered and one of four
colours: Yellow, White, Red, and Blue.?” When we examined 488,734 pairs of records of Manchu and
Mongol Bannermen in adjacent editions with identical names in Chinese characters, identical location
or ministry and department, and identical job title, 4.4% (21,634) changed banner. More than one-
quarter of these were between Plain and Bordered Banners of the same colours. Most of the changes
are among officials with the same three job titles as above: clerk (bitieshi, £143), yuanwailang
(BEIMEB) or zhushi (F£55). At present we are unclear of the process by which officials changed Banners,
and we will need to conduct further inquiries with the help of Qing historians.

SECONDARY ATTRIBUTES OF BANNERMEN

The posts recorded for officials without surnames within a quarterly edition were not unique. Table 9
presents the tabulation of the concatenation of job title and administrative unit for officials without
surnames. For those serving in the capital, the administrative unit was their ministry and department.
For those serving outside the capital, it was the province and possibly prefecture and county where
they were assigned. Only 16.7% of job titles (guanzhi, E) were unique within an edition. More than
three-quarter appeared five or more times within an edition. The most common were clerks (bitieshi,
Z£145R), yuanwailang (E9NB) and zhushi (£55). Even when we consider the combination of location
or ministry and department and job title, less than one-third of positions were unique. For more than
half of positions, there were 5 or more records in the same edition with an identical position. Most of
the repeated positions were clerks who were in pools assigned to the central government ministries.

Table 9 Uniqueness of given names and posts for officials without surnames in the Jinshenlu
Job title (Guanzhi, EH#) + Location or Ministry and Department
Repetitions within edition % %
1 16.7 31.1
2 25 85
3 1.2 4.0
4 14 3.8
5 78.2 52.7
Total 100 100
Records 784,502 784,502

Officials without surnames had other details recorded that are potentially useful as secondary attributes,
but which are only available for small numbers of records. Those who were members of the main line
(zongshi, 5RZ) or collateral line (jueluo, BZE) of the Imperial Lineage were recorded as such and
accounted for 7.4% of the civil officials who had no surname and 1.7 % of civil officials overall. Over
the entire course of the Qing and into the Republican era, the Imperial Lineage only had 83,656 male
members total, thus its members were heavily overrepresented among officials. One-third (35.8%)
of civil officials who were Bannermen had an examination or purchased degree recorded. This tended
to be more common later in the 19th century. 11.6% of Bannermen had a courtesy or style name
recorded. Year of appointment is only recorded in 7.5% of the records of Bannermen.

27 The upper three were Bordered Yellow (%), Plain Yellow (IEES) and Plain White (IEE1E). The
lower five were Plain Red (IEALfE), Bordered White (828 9 1&), Bordered Red (3241 }&), Plain Blue (IEEEfE)
and Bordered Blue ($2E57H).

HISTORICAL LIFE COURSE STUDIES, VOLUME 12 (2022), 233-259



Nominative Linkage of Records of Officials in the China Government Employee Dataset-Qing (CGED-Q)

4 CHINA GOVERNMENT EMPLOYEE DATASET-QING EXAMINATION
RECORDS (CGED-Q ER)

The China Government Employee Dataset-Qing Examination Records (CGED-Q ER) consists of records
of examination degree holders transcribed from originally separate lists of exam passers from different
sittings of the exam. The most important sources are lists in books self-published by the exam degree
holders who had passed at the same sitting of an exam and thought of themselves as classmates. Most
of these were titled Tongnianchilu (B1&E&%k), though some appeared with other titles. Hereafter
we refer to them as Classmate Books. Each one listed the surname, given name, and province and
county of origin for exam passers at a single sitting along with their current post, if any, and names
and degrees held for their father and paternal grandfather and great-grandfather. In most cases they
also provide age at passing the exam. They also list other kin, but such information is less systematic.
Most of the Classmate Books we have transcribed are for jinshi (#£1) degree holders who passed the
Metropolitan Exam (Huishi, E &%) held every three years in the capital and juren (88 \) degree holders
who passed the Provincial Exam (Xiangshi, #§3%{) that qualified them to sit for the Metropolitan Exam.
We have also entered similar books for holders of the Gongsheng (§4) degree. For Classmate Books,
at present we have entered 5,724 jinshi records, 26,870 juren records, and 11,990 other records.

We also have less detailed official records of the passers of the Provincial and Metropolitan Exams.
For the Provincial Exams, Xiangshilu (4855,#%) rosters record the surname and given name, county of
origin, exam rank, and ages of passers of a single sitting. Province of origin is inferred from the location
of the exam. Some of these are for sittings of provincial exams for which we also have Classmate
Books and are therefore redundant. For all passers of the Metropolitan Exam, the Jinshi Timinglu
(ELTBERER) lists exam year, surname and given name, province, and county of origin, and ranks in
the Metropolitan Exam and the follow-up Court Exam (Dianshi, B&zt). For many 19th century sittings
of the Metropolitan Exam, we already have Classmate Books that provide more detailed information,
thus the Jinshi Timinglu is useful mainly for its records of jinshi not covered by Classmate Books.

For the CGED-Q ER, we have two linkage tasks. The first is to link records of the same degree holder
across Classmate Books and the official records Xiangshilu and Jinshi Timinglu. This facilitates deduplication
of records in situations where we have multiple records of the same exam. This could occur if we have
Xiangshilu and Classmate Books for the same sitting of a Provincial Exam, or if a sitting of the Provincial
Exam is covered by a Classmate Book specific to that sitting and a separately published Classmate Book
from the same year that compiles results from multiple provinces. Within the CGED-Q ER, we can also link
between the different levels, connecting the records of juren to their records as jinshi. This allows us to
examine how characteristics of a juren influenced their chances of going on to earn the jinshi. The second
task is to link the information about degree holders in the CGED-Q ER to their career records in the CGED-Q
JSL. This allows us to examine how the characteristics of degree holders including their family background
and their exam performance affected their chances of being appointed subsequently being promoted.

For these linkage tasks we make use of surname, given name, province and county of origin, the year
in which the degree was earned, and the type of degree recorded in the CGED-Q JSL and ER. Issues
related to the use of surname, given name, and province and county of origin are similar to those
in the CGED-Q JSL. The combination of surname, given name, and province and county of origin is
almost always unique for degree holders with surnames who earned their degrees at the same time,
thus we do not repeat the detailed analysis for officials in the CGED-Q JSL from above. There is also
the possibility that across different sources, characters may be replaced by variants. The approach we
describe below for dealing with this in the CGED-Q JSL will also work for linkage of exam records.
Exam year is useful because it allows us to constrain matching to exclude situations where someone
appears to earn the jinshi before the juren, or else earns it more than a decade after the juren.

5 LINKAGE

We carry out linkage in four stages. First, as we describe in 5.1, we prepare for linkage by constructing
standardized versions of key attributes. Second, as described in 5.2, we carry out simple deterministic
linkage to form groups of records that match exactly on a variety of primary and secondary attributes
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and therefore are unambiguously the same official. We then extract the first record in each group
to produce the dataset that will be used in the later stages. This substantially reduces the number of
records to be considered in the later stages. Third, as described in 5.3, we make use of the capability
in the STATA probabilistic linkage package dtalink (Kranker, 2018) to specify attributes to be used for
'blocking', according to which pairs of records are selected for scoring in the probabilistic linkage only
if they have an exact match on those attributes. By excluding large numbers of record pairs that are
clearly not matches, for example ones in which records differ on both surname and given name, it
yields another order of magnitude reduction in the time required for linkage. In the fourth stage (5.4),
we carry out probabilistic linkage, again with dtalink. Candidate pairs of records left over after the
formation of record groups and application of blocking are scored and then based on these scores,
linked together by assignment of a unique identifier to all records that have been associated with a
specific official.

PREPARATION

We prepare the datasets for linkage by producing standardized versions of the primary and secondary
attributes. To reduce the chances that inconsistencies in the recording of a given name for the same
person across different editions will produce false negatives during linkage, we create transformed
versions of the surname and given name. We begin by consolidating the characters in surnames
and given names recognized in the Unicode standard as different versions of the same character.?®
Examples in Table 6 include & and 5 (Qing) and & and Zfi (Xun). We refer to these as the CV versions
of the names, for 'Consolidated Variants'. We then carry out a second round of consolidation on the
CV versions which we group sets of characters in given names that are not recognized as variants in
the Unicode standard but look like each other.?? Examples include the ones mentioned in the discussion
of Table 6: 8 (Fu) and {& (Chuan), & (Si) and & (En), 1& (Zeng) and & (Ceng), and 5 (Xian) and
7 (Guang). We refer to these as the SC versions, for 'Similar Characters'. At the end of the process,
each record contains the given name as originally entered, and fields for the CV and the SC version.

We also produce standardized versions of the surnames. We first consolidate variant forms of characters
based on the Unicode standard to produce CV versions. We then consolidate similar looking CV
characters to produce SC versions. To do this, we manually reviewed the results of the tabulation
that produced Table 3 to identify the most common discordant pairs that were not variant forms that
would be accounted for by consolidation on the Unicode standard. As we noted in our discussion of
Table 3, there were pairs of characters that were different enough that we concluded that they may
have been for different people who were otherwise similar on the attributes we matched on. After
excluding these, for the time being we have settled on 12 sets of characters that were especially like to
appear in place of each other, and which we thought were similar enough that they could be swapped
by mistake between editions, either during the production of the editions, or during transcription by
our coders.® This is a more conservative approach than we took with the characters in given names
because surnames are less diverse than the characters in given names, and accordingly the risk is
higher that two people who are the same on other attributes but differ on the their surname really are
different people. We may adjust our approach later.

We produce standardized versions of the province and county of origin. We create two versions of the
county name romanized by Hanyu pinyin to account for the possibility that characters in the name of
a county were replaced with homonyms by mistake. These are listed in Table 10. The first version (PY)
includes tone marks, and the second version (PY TL) excludes them. Finally, to address inconsistency
in the association of counties with provinces, we create a version of province of origin in which Anhui,
Jiangsu, Jiangxi and Zhejiang are all combined into Jiangnan, and Hunan, Guangdong, and Guangxi

28 This includes converting characters mistakenly typed in simplified form into traditional form. See https://
unicode.org/reports/tr38/ for a report on the latest version of the Unicode Han Database. We
downloaded the Unicode database for Han Chinese characters from https://www.unicode.org/Public/
UCD/latest/ucd/Unihan.zip

29 We did this by carrying out a tabulation like the one that produced Table 6 but which only used the CV
versions of the characters to produce a list of pairs of characters that are commonly swapped. We manually
assessed each of the resulting pairs to flag those that were visually similar enough that it is plausible that
they could be switched. We use the resulting pairs to map sets of similar characters to a single character.

30 These were 1) R, R, 5%, 2) BR, %, 3) £, 511, 4) 55, %, %, 5) 1, #, 6) =, &, 7) BE, BE, 8) R, 1R, 'R,
9) &, i, 10) &, 7&, 11) %, &, and 12) #, #.
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are all combined into Huguang. We refer to this as the C version of province. In the very small number
of records in which a second province and county of origin were listed in the original source, we used
that instead of the first listed province and county of origin.

DETERMINISTIC LINKAGE

We group records that match exactly on a large number of primary and secondary attributes and
are in editions less than one year apart and create an extract of the data that only includes the first
record in each of these groups. We make the criteria for inclusion of a record in one of these groups
so exacting as to rule out false positives in which records of different officials are accidentally linked.3!
The creation of these record groups by deterministic linkage is straightforward and we do not discuss
it further. Because the number of record groups that need to be linked is an order of magnitude less
than the original number of records to be linked, the time required for the second and third stages is
substantially reduced.

BLOCKING

We divide blocking for the CGED-Q JSL and CGED-Q ER linkage into six types based on the attributes
available in the records involved and the risks of false positives or negatives. For linkage within the
CGED-Q JSL to produce career histories, we distinguish three types: 1) officials with a surname who
had a single character given name, 2) officials with a surname who had two character given names,
and 3) officials without surnames. We link officials with surnames and one-character given names
separately because comparison of Tables 4 and 5 suggests that the risk of a false positive is higher,
compared with the ones with a two-character given name. This requires stricter criteria for matching
on other attributes. Because the combination of surname and two-character given name is more likely
to unique, for linkage of officials with given names who had two-character given names we can be
more forgiving for other attributes. Officials without surnames have only the given name and Banner
affiliation as primary attributes, which combination is less likely to be unique, thus we must put more
weight on secondary attributes. Linkage within the CGED-Q ER forms the fourth type. Here, we treat
all the records the same. The total number of records is small enough that false positives for degree-
holders with a surname and only a one-character given name are unlikely. For linkage between the
CGED-Q JSL and CGED-Q ER, we distinguish the fifth and sixth types according to whether men with
surnames have one- or two-character given names.

Table 10 summarizes the attributes used for blocking for each of the six types of linkage. In each case,
we balance the risk of false negatives associated with use of overly strict criteria against the increased
linkage time associated with the use of loose criteria. In general, we make the blocking criteria as loose
as possible while seeking to prevent clearly impossible pairs through to be scored. Thus, for example,
we typically block on SC versions of names rather than CV versions of names, and then use scoring
on other attributes to assess pairs that match on the SC but not CV versions. For blocking within the
CGED-Q JSL, we apply different criteria for each linkage type. For the first type, officials with surnames
who had two-character names, we block on the SC and pinyin versions of the surname and given
name. That is, if two records have the same SC or pinyin version of the surname and given name, they
are a candidate match and go on to be scored on the other attributes, including the CV versions of the
names. We do not use the CV version of the names for blocking because it would be too strict, and
would preclude making matches based on the looser criteria associated with use of the SC versions.
For the second type, officials with surnames and only one-character given names, we only allow pairs
of records with the same SC versions of the names. Our experiments with allowing for matches on
the pinyin version of the surname and given name yielded too many false positives. For the third type,
officials with no surname, we block on the SC version of the given name and Banner affiliation, or on
the combination of the pinyin version of the name, the Banner affiliation, Imperial Lineage affiliation,
title, and complete post. In other words, a pair in which the SC version of the name doesn't match but
the pinyin version does match can still be treated as a candidate pair and scored if there is an exact
match on a variety of other characteristics. We allow candidate pairs that match on the pinyin name

31 For officials with surnames, records in a group must have the same CV version of the surname and given
name, the same C version of the province of origin, and the same pinyin for the county of origin. For
Bannermen, records in a group must have the same CV version of the given name, the same Banner
affiliation, and the same government post, which is the concatenation of the administrative unit and job
title. We require records in Bannermen sets to match on post as well because as Table 1 showed, the
combination of given name and Banner affiliation was not unique within an edition.
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only when several additional secondary attributes also match because allowing candidate pairs based
on pinyin given name alone would substantially expand the number of pairs to be considered. For the
fourth type, linkage within the CGED-ER, the SC versions of the surname and given name are sufficient
for blocking. Rather than have a separate approach to blocking in the CGED-Q ER for men with a
surname and a single character given name, as we describe below, we apply tighter criteria for scoring
candidate pairs involving such records.>? For the fifth type, linkage between the CGED-Q ER and
CGED-Q JSL of men with a surname and a two-character given name, we allow for candidates pairs
that match on the SC or toneless pinyin versions of the surname and name.* For the sixth type, linkage
between the CGED-Q ER and CGED-Q JSL of men with single-character given names between, we
only allow candidate pairs that match on the SC versions of the names.

Table 10 Attributes used for blocking in linkage of the CGED-Q JSL and CGED-Q ER

Linkage Type Blocking
Within the CGED-Q JSL

1 Officials with surnames and two-character given names  Surname SC + Given name SC OR
Surname PY+ Given name PY

2 Officials with surnames and one-character given names Surname SC+ Given name SC

3 Officials without surnames Given name SC + Banner affiliation OR
Given name PY + Banner affiliation + Imperial Lineage
status + Noble title + Post

Within the CGED-Q ER
4 All records Surname SC + Given name SC

Between the CGED-Q ER and CGED-Q JSL

5 Men with surnames and two-character given names, Surname SC + Given name SC OR
and men without surnames Surname PY NT + Given name PY NT

6 Men with surnames and one-character given names Surname SC + Given name SC

PROBABILISTIC LINKAGE

Since probabilistic linkage is already widely used and described in detail elsewhere, here we only provide a
summary of the basic concept. Probabilistic matching considers every possible pair of records in a dataset
left over after blocking and then scores each pair for similarity according to criteria specified by the user.
For the scoring, the user specifies the attributes to compare, and the amount to be added to or subtracted
from the score if they match or differ. Calipers may also be specified according to which some amount
may be added to the score for a pair if two numeric attributes are within some range of each other,
and some other amount may be deducted if they are not. A match is made by comparing the scores of
candidate pairs and selecting the ones with the highest score that also meet a cutoff score set by the user.

We scored the candidate pairs of record groups left over after blocking according to their concordance
or discordance on specified primary and secondary attributes. Tables 11 and 12 summarize our current
rewards and penalties for concordance or discordance on each primary or secondary attribute for our six
types of linkage. The rewards ("+" in the tables) are added to the score for a candidate pair if the condition
specified in the row heading is satisfied. The penalties ("-" in the tables) are subtracted from the score if
the condition is not satisfied. Tables 11 and 12 also include the cutoffs that a score had to be greater than
or equal to in order for a match to be made. For each of the six linkage tasks, we choose the amounts to
be added to or subtracted for a match or mismatch on a specified attribute to balance the risks of false
negatives and false positives. We apply more stringent criteria when there are larger numbers of records to
be linked, most notably within the CGED-Q JSL, and therefore a higher chance that separate individuals
will have the same primary attributes. We apply looser criteria when the chances of a false positive are
lower, usually because there are fewer records to be linked. Linkage within the CGED-Q ER is one example.

32 We do not have separate blocking for Bannermen when linking between the CGED-Q JSL and CGED-ER
because there are too few of them (1.2% of records overall) in the CGED-Q ER to warrant special handling.
33 We include Bannermen with officials with surnames because only a small proportion (1.23%) of exam

degree holders in the Classmate Books we have coded were Bannermen, and the chances of different
individuals having the same name were small.
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Table 11 Rewards and penalties for concordance or discordance on attributes in candidate pairs for
linkage within the CGED- Q JSL
CGED-QJSL
Type 1 Type 2 Type 3
Surname and two-  Surname and one- No surname
character given character given
name name
+ - + - + -

Primary attribute
Surname (CV) + Given name (CV) + County (PY)
Surname (SC) + Given name (SC) + County (SC)
Surname (SC) + Given name (SC) + Province (C)
Surname (CV) + Given name (CV) 100 0] 100 0
Surname (CV) + Given name (SC)
Surname (SC) + Given name (PY)
Given name (CV) 50 0
Given name (SC) 50 0
Province (C) 100 -400 100 -400
County 1 (Original)
County 1 (PY) 200 -100 200 -100
County 1 (PY) in Jiangnan, Huguang 0 -200 0 -200
Banner affiliation 50 -100
Secondary attribute
Courtesy or Style name 300 0 300 0 200 0
Imperial Lineage status 100 0
Title 100 0
Post

Province 25 0 25 0

Ministry, Agency, or Prefecture 25 0 25 0]

Department or County 25 0 25 0

Job title 25 0 25 0

Complete 100 0 100 0
Rank (Pinji) category
Same 0 -25
Differ by less than 2 0 -50
Differ by less than 3 0 -400
Degree

Original 50 0 50 0 50 0

Broad category 0 -100 0 -100 0 -100

Broad category in Jiangnan or Huguang 0 -100 0 -100
Year
Same 50 0
<5 years apart 0 -50
< 10 years apart -100 -100 0 -100
< 20 years apart -200 -200
< 30 years apart
<40 years apart -500 -500 0 -400
Surname and Given name of record above 50 0 50 0 50 0
Surname and Given name of record below 50 0] 50 0 50 0
Cutoff 100 100 150
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Table 12 Rewards and penalties for concordance or discordance on attributes in candidate pairs for
linkage within the CGED- Q ER and between the CGED-Q ER and CGED-Q JSL

CGED-Q ER CGED-Q JSL to CGED-Q ER
Type 4 Type 5 Type 6
All Surname and Surname and
two- character one- character
given name, OR given name
no surname
+ - + - + -
Primary attribute
Surname (CV) + Given name (CV) + County (PY) 500 0 500 0
Surname (SC) + Given name (SC) + County (SC) 300 0 200 0 200
Surname (SC) + Given name (SC) + Province (C) 100 0 200 0
Surname (CV) + Given name (CV) 150 0 200
Surname (CV) + Given name (SC) 100 0 150 0
Surname (SC) + Given name (PY) 50 0
Given name (CV)
Given name (SC)
Province (C) -200 0 -200
County 1 (Original) 100 0
County 1 (PY) 0 -200 100 0
Year
Same
< 5 years apart
< 10 years apart 0 -100 100 0 100 0
< 20 years apart 0 -300
< 30 years apart
<40 years apart 0 -500 0 -500
Cutoff 100 200 200

We arrived at the rewards, penalties, and cutoffs in Tables 11 and 12 iteratively. We inspected the
results every time we ran the linkage. We located false negatives by searching the data for groups of
records that matched exactly on secondary attributes such as position and degree and most but not
all of the primary attributes, and which were not associated with a single official. We examined these
groups to assess whether the records in the group should all have been assigned to the same official.
This helped clarify how often characters were replaced with ones that looked similar and inspired our
effort not only to create the CV and SC versions of names. It led us to increase the rewards for exact
matches on such secondary attributes as courtesy name and complete post that were highly unlikely to
match by chance. It also led to our discovery of inconsistencies in the recording of province.

We searched for false positives by identifying groups of records that had all been assigned to the same
official, but which differed on at least one primary attribute, for example, surname, or one character in
a two-character given name. This led to our realization that we needed to apply more stringent criteria
for individuals with single character given names and led us also to increase penalties for mismatches
on attributes such as province of origin or broad category of purchased or examination degree that
should be stable. Users working with extracts of the data to study topics of their own, most commonly
the appointment and promotion of specific categories of officials, also reported problems that they
noticed, and our investigations revealed.34

34 For example, the analyses that underpinned Chen et al. (2018), Hu et al. (2020), Hu, Hu, Chen and
Campbell (2021) and Xue and Campbell (2022) all led to discovery of problems that were addressed by
refinements to linkage procedures.
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For linkage within the CGED-Q JSL (Types 1 through 3), we assigned the largest rewards to concordance
on attributes like given name, post, or county that are the most diverse and therefore the least likely
to match by chance. Even though blocking differed for one- and two-character names, scoring was
the same. We gave large rewards to matches on secondary attributes like courtesy or style name and
complete post. This helped counter the effects of inconsistencies in the recording of province and
county of origin that were not addressed by the transformations described above. Since posts were
listed in the same order from one edition to the next, we also rewarded concordance on the name
of the official in the record above or below. Rewards are smaller for concordance on attributes like
province or broad category of examination or purchase degree that are less diverse and more likely to
match by chance.

We apply the largest penalties for discordance on attributes like province or county of origin that should
have been stable and were less diverse. A mismatch on a less diverse attribute like the C version of
the province, Banner affiliation, or broad category of degree qualification will lead to a large penalty.
We apply a penalty for a mismatch on county, with an additional penalty if the province in which the
counties are located are part of Huguang or Jiangnan.>®> We also penalize matches of records that are
further apart in time, and in the case of records so far apart that it is implausible for them to be the
same person, we apply a penalty so large that it will preclude a match from being made. For officials
without surnames, we also penalize candidate matches if the categories of bureaucratic rank (pinji,
an k) are too far apart. This helps reduce the chances that a record of a high official will be linked to those
of another officials with the same given name who is a low-ranking clerk. We apply a smaller penalty
for mismatches on attributes that are more prone to inconsistent recording, like detailed examination
or purchase degree. Courtesy and style names were diverse, often missing, and sometimes seem to
have changed, thus we do not apply a penalty for a mismatch on them. Similarly, because complete
positions and the components that made up the position were expected to change when an official was
promoted or reassigned, and because different editions could record positions differently even when the
official was not promoted or reassigned, we do not apply a penalty for a mismatch on position.

For linkage within the CGED-Q ER (Type 4), we began with surname, name, province and county of
origin, and exam year. We created CV and then SC versions of the surname and name. We blocked on
the SC version of the surname and name. We rewarded matches on the combination of SC surname,
SC name, and county or province, and heavily penalized discordance on the pinyin (PY) version of the
county or C version of the province. We used the SC version of the name rather than the CV version
because the overall number of men to be linked was much smaller than in the CGED-Q JSL and the risk
of a false positive accordingly smaller. We applied only a mild penalty for a gap between exam years
because we wanted to allow for links between records of juren and jinshi degrees earned in different
years but applied a much larger penalty if the exam years were so far apart that the rules would not
have allowed a juren to sit for the Metropolitan exam in the specified year.

For linkage between the CGED-Q JSL and CGED-Q ER (Types 5 and 6), we relied on surname, given
name, province and county of origin, CGED-Q ER exam year, and CGED-Q JSL edition year. We
blocked on the SC version of the surname and given name. We gave very large rewards for matches
on the CV version of the surname and name and smaller rewards for matches on the SC versions. We
allowed for matches not only on the province and county of origin in the CGED-Q JSL, but also on
the province and county of origin (38 &) listed in the CGED-Q JSL for officials who sat for the exam
someplace other than their actual place of origin, usually Shuntian. We allowed up to 30 years for the
time between earning a degree and being appointed for the first time.

RESULTS

To illustrate how the approach describe above reduces false positives and false negatives, while also
reducing the amount of time required, we present the results of linkage within the CGED-Q JSL, that
is Types 1, 2 and 3. We focus on linkage with the CGED-Q JSL because it was the most challenging
and complex, and made use not only of primary attributes, but a wide range of secondary attributes.
Linkage of the 4,108,586 records in the CGED-Q JSL with a name and other information required by
the approach described in the sections above yielded 326,315 sets of linked records, each a career
history of a single official. For each of the three types of linkage within the CGED-Q JSL, Table

35 Because place of origin could change because of the redefinition of administrative units, we set the
penalty for mismatch on county so that it can still be offset by rewards for matches on other attributes.
A mismatch on county, in other words, doesn't preclude a match if other attributes are in correspondence.
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13 presents the original number of records to be linked, the number of groups remaining after the
deterministic linkage described in 5.2, the number of candidate pairs left after the blocking described in
5.3, and the final number of officials produced by the probabilistic linkage described in 5.4. According
to Table 13, grouping records with deterministic linkage on the primary and some secondary attributes
substantially reduces the number of items to be linked. In the case of Type 1 linkage, the number of
items to be linked is reduced by 88.6% percent, from 2,676,108 to 315,015. The resulting number of
candidate pairs to be scored is modest. For Type 1 linkage, the number of candidate pairs is lower than
the number of groups because many groups are isolates: blocking left them without any other groups
to be paired with and scored, and they went straight to being recognized as an official. The number of
candidate pairs for Type 3 linkage is much larger because only the given name and Banner affiliation
are available for blocking, and these are less diverse than the surname, given name and province and
county of origin of officials who have surnames.

Table 13 Results for Type 1, 2, and 3 linkage, CGED-Q JSL dataset
Type 1 Type 2
Surname and two- Surname and one- Type 3
. . No surname
character given name character given name
Records for linkage 2,767,108 527,570 813,908
Number of groups after deterministic linkage 315,015 76,885 171,449
Candidate pairs after blocking 199,263 46,231 398,353
Career histories after linkage 218,946 45,965 64,940

Probabilistic linkage on standardized primary attributes that compensates for discrepancies when there
are matches on secondary attributes reduces the number of false negatives. Had we required exact
matches on the primary attributes as originally recorded, each distinct combination within one of
the histories produced by our linkage would have been associated with a separate official. Table 14
tabulates the career histories according to the numbers of distinct combinations of surname, name and
province and county of origin or Banner affiliation within them in the original data. In 28% (100-28) of
the career histories of officials with a one-character given name, more than one surname, given name,
or place of origin appeared. The corresponding figure for officials with two-character given names was
29.9% (100-70.1). In the career histories of officials of without surnames produced by linkage, 13.9%
(100-86.1) had more than one name or Banner affiliation appeared. According to our calculations,
linkage by requiring exact matching on the original primary attributes and not using probabilistic
linkage with the standardized versions of the names consolidated CV or SC versions of names to allow
for discrepancies would have led to the creation of 453,375 career histories. Career histories that in our
probabilistic linkage were attributed to a single official would have been separated. The total number
of career histories, in other words, would have been inflated by 38%. The gains associated with
applying probabilistic linkage within the CGED-Q ER and between the CGED-Q JSL and CGED-Q ER
are similar: the number of juren degree holders who are linked to jinshi records increases substantially,
as do the numbers of juren and jinshi linked to the CGED-Q JSL.

Table 14 Combinations of surname, given name, and province and county of origin or banner

affiliation in original data within sets of records for officials produced by linkage in the
CGED-Q JSL

Distinct combinations Type 1 Type 2 Type 3 Total

of primary attributes Surname and two-  Surnames and one- No surname

observed within career character name character name

histories produced by

linkage % % % %

1 70.1 72.0 86.1 735

2 209 20.0 1.7 19.0

3 5.7 5.0 1.7 4.8

4 2.1 1.8 0.4 1.7

5 1.3 14 0.1 1.1

Total 100 100 100 100

Number of officials 218,946 45965 64,940 329,851
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6 CONCLUSIONS

This is unlikely to be the final word, especially for the linkage of officials without surnames. Based on
manual examination of the resulting data we are confident that our linkage of officials with surnames
is close to optimal in terms of its balance between avoiding false positives and false negatives, and that
any further accommodation of additional discrepancies we have noticed would open the door to false
positives in which the records of clearly different officials would be combined. Any further adjustments
to the linkage of officials with surnames are likely to consist of small refinements to the lists of similar
characters, and adjustments to the handling of problems with provinces and counties. For Bannermen,
however, we suspect that the lack of diversity in the combination of names and Banner affiliation
means that we still have too many false positives.

Our experiences, and our descriptive results about patterns in names, should be useful to other
teams that are carrying out large-scale record linkage in datasets constructed from historical Chinese
sources. The issues we discuss here and our approach to linkage are most relevant for the linkage
of highly structured data transcribed from rosters and related records, the descriptive results on the
consistency and potential for overlap in the recording of names may be of interest to those conducting
disambiguation in unstructured data like newspaper articles. Particular attention needs to be paid to
the possibility that across difference sources, the characters in the names of individuals to be linked
may be replaced with variant forms of the same character, or entirely different characters that are
superficially similar.

We now have ongoing projects to construct, link, and analyze datasets of individuals during the
Republican era (1911-1949). Our efforts to create datasets from university student records are the
furthest along (Ren et al., 2020), but we have other projects to create datasets of Republican officials,
professionals, and other elites. While we expect some of our experiences with Qing records to be
relevant, we also anticipate that there will be other issues specific to the Republican data. Naming
patterns may have changed. Consistency in the usage of genealogical given names as opposed to
courtesy or style names may have changed as well. Customs for the recording of place of origin may
also have evolved.
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