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models raises questions that should have been asked
40 years ago
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1. Introduction

The aim of this paper is to explore opportunities to use large language models (LLMs)
to improve the validity and reliability of citation context analysis (CCA) as a sociological
method." CCA analyses the ways in which cited references are used in citing texts (cf. Si-
mons etal., 2026). Itis a powerful method for the study of knowledge flows between texts
(Aman and Gliser, 2025:169-170, Anderson et al., 2023: 77-87), the field-specific gradual
acceptance of knowledge claims over time (Cozzens, 1985) or the influence of fraudulent
publications on later research (Schneider et al., 2020). It is therefore not surprising that
the question of how it could be supported by using LLMs has arisen.

From a sociology of science perspective, the process of integrating LLMs into CCA
is an instance of methods becoming routinised, explicated, standardised and in some
cases engineered and automatised. These processes have been described for molecu-
lar-biological methods by Joan Fujimura, who traced the routinisation and standard-
isation of for molecular-biological methods through the development of manuals and
the standardisation of reagents, instruments, specialised tests and software (Fujimura,
1996: 68-115). Alberto Cambrosio and Peter Keating described the “objectification” of the
production of monoclonal antibodies, which was considered as “art” and “magic” in the
beginning, through methods sections in experimental articles, experimental protocols in
manuscript form, and articles dedicated to the method (Cambrosio and Keating, 1988).
In both cases, the authors trace the development from an intuitive approach heavily de-
pendent on tacit knowledge toward an explicit reproducible description of the algorithm

1 We are grateful to Grit Laudel and Arno Simons for comments that helped to significantly improve
this chapter. We also acknowledge the contributions by Elaheh Sadat Ahmadi, whose Essay on the
comparison of content analysis and citation context analysis (Ahmadi 2025) provided us with a
new perspective on the literature on CCA.
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underlying the method that will produce results which are expected to be reproducible
in any laboratory around the world.

This process — and the possibility of its reversal — can be better understood by using
two concepts introduced by the historian of science Hans-Jorg Rheinberger, who dis-
tinguished two kinds of objects which are used in research processes. Epistemic objects
are objects about which researchers produce knowledge. They are the things researchers
want to know more about, and which are considered as ill understood and still taking
shape. To investigate epistemic objects, researchers use technical objects, which are
things they believe to understand well enough to use them unquestioned (Rheinberger,
1997, 2016). Rheinberger points out that when laboratory work takes unexpected turns,
technical objects may be re-questioned and turned back into epistemic objects until
their behaviour is well understood again.

We believe that this is what should be happening with CCA. The formalisation and
partial automatisation of CCA through attempts to support it with LLMs highlights gen-
eral problems of the application of CCA. By requiring the explication and formalisation of
methodological steps that humans may (and often do) execute subconsciously, the use of
LLMs for CCA makes a critical revision of fundamental assumptions possible and neces-
sary. We believe that discussions about LLM use in CCA point out methodological weak-
nesses in the latter rather than the former. Since the potential of LLM-based methods
and other developments of artificial intelligence cannot be currently assessed, we focus
on the methodological challenges such methods must meet. In particular we challenge
three assumptions underlying any CCA:

A: The assumption that the citation context contains information about the cited
source.

B: The assumption that the coding scheme does not need to provide for missing values.

C: The assumption that a syntactically delineated text provides sufficient information
about the statements using the cited source.

In the remainder of the paper, we will begin by describing the method of CCA. We will
then turn to the three assumptions and demonstrate for each that it is a taken-for-
granted assumption of CCA, provide counter examples of citation contexts that violate
this assumption, and suggest how the use of LLMs would need to be modified to ac-
commodate cases that violate the assumption. We conclude with two general warnings
about using current Als to support CCA and the validation of that use.

2. Citation context analysis as a sociological method

CCA was originally developed with the intention to improve citation analysis because
citation counts were considered to be an insufficient measure of a cited paper’s quality
(Moravcsik and Murugesan, 1975). Distinguishing between important and unimportant
citations and between positive and negative citations remains the main motivation of
CCA (Teufel et al., 2006; Zhang et al., 2013; Nishikawa and Koshiba, 2024). So far, none of
these CCAs appear to have modified a citation-based evaluation, and no proposal of how

https://doi.org/10. inlibr Open Access



https://doi.org/10.14361/9783839447529-453 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

Lydia Liesegang and Jochen Glaser: Supporting citation context analysis with LLMs

CCA could be integrated in evaluations utilising citation counts has been put forward.
Thus, this tradition of CCA, which forms the mainstream, appears to still lack a use case -
in the sense of being applied in a practical evaluation of research — after 50 years.

A second, non-mainstream tradition of CCA applies it to answer theory-driven ques-
tions about knowledge flows and the transformation of knowledge claims. Important ex-
amples include Cozzens (1985), who uses CCA to trace the reception of knowledge claims
in biology and in the sociology of science, Amsterdamska and Leydesdorff (1989), who
use CCA to distinguish multiple knowledge claims per citation and how they are trans-
formed to fulfil different functions in the citing papers of biochemistry and the use of
CCA to identify the impact of fraudulent research papers on subsequent research, and
applications (Avenell et al. 2019; Schneider et al., 2020). Anderson and Lemken (2023)
suggest using CCA for conducting literature reviews that are guided by a research ques-
tion, which is also a use of CCA for answering theory-driven questions. This research
tradition tends to use more complex coding schemes to answer theory-driven research
questions. While it is marginal to CCA, it has demonstrated the potential of CCA to con-
tribute to a wide range of theory-driven research in both qualitative and quantitative
science studies.

The following description of CCA as a social-scientific method is applicable to both
evaluative and analytical CCA because both need to comply with methodological princi-
ples of the social sciences. Discussing the steps of a CCA is useful because it highlights
how many highly consequential methodological decisions remain implicit in most CCA
applications. It is also a necessary step to evaluate current LLM applications to CCA and
inform the discussion of a broader application.

In a CCA, four preparatory and four analytical steps can be identified (Table 1). These
steps are preceded by the formulation of a research question, which defines the purpose
of the CCA - the knowledge that is supposed to contribute to answer it — and informs
all the steps of the CCA, particularly developing the coding scheme, defining the unit of
analysis and building the corpora. Given the importance of the research question, its ne-
glect in the many attempts to apply or develop the method further is both surprising and
regrettable. In traditional method development (Zhang et al., 2013) as well as in the de-
velopment of LLM-based methods (Jurgens et al., 2018; Kunnath et al., 2022; Nishikawa
and Koshiba, 2024), some (potential) purposes of CCA are mentioned as legitimisation
for developing CCA but these purposes do not appear to inform method development. In
particular, generic coding schemes like the one introduced by Jurgens et al. (2018), which
are not grounded in theories of knowledge production, are used across method devel-
opments without justification (Pride and Knoth, 2020; Kunnath et al., 2022). This shifts
the epistemic function of categories from operating as a site of theoretical synthesis to
operating in a technically efficient manner (Ahmadi, 2025:16).

Prep.1: Coding schemes constructed by mainstream evaluative CCA have become more
sophisticated over time but essentially still aim at capturing substantial versus perfunc-
tory use and positive versus negative evaluation of the cited source (see section 3 for ex-
amples of coding schemes). Analytical coding schemes are more complex but also of-
ten less strictly defined. The crucial aspect of this preparatory step is that the coding
scheme — and its built-in assumptions — decides what information can be collected with
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the CCA from the analysed texts. One of these assumptions is that every citation context
contains information about the citation (see section 3), another one is that each citation
context contains all the information that is to be collected with the coding scheme. In
other words, CCA often assumes that there are no missing values. We will discuss this
problem in section 4.

Table 1: Main steps of quantitative content analysis (steps for which LLM support is currently
considered ave highlighted)

Step Content
Formulating research question Define knowledge gap and key concepts
Prep.1 Constructing coding scheme | Operationalise the key concepts
Prep. 2 Defining the unit of analysis Decide which text linked to a citation contains the
necessary information
Prep.3 Building the corpus (cited Determine which citations are relevant for answering
papers) the research question
Prep. 4 Building the corpus (citing Collect documents which contain the necessary
papers) information
1 Locating citations Find relevant citations in the documents
2 Delineating unit of analysis Identify text to be coded for each citation
3 Coding unit of analysis Interpret each text and allocate results to coding
scheme
4 Integrate empirical evidence | Collate and comparatively analyse the coding results
Answering research question Use empirical evidence to formulate new knowledge
claims

Prep. 2: An important step of CCA that has been extensively discussed in evaluative CCA
is the definition of the unit of analysis. The discussion usually focuses on the size of a
syntactically constructed context, i.e. on how many sentences or paragraphs before and
after a citation should be included to enable an accurate interpretation. Since delineat-
ing the unit of analysis is a key step for which LLMs are currently used, we discuss it in
section s.

Prep. 3/4: Building the corpus also crucially shapes the answer to the research question
because the information that can be collected depends on which papers are analysed. The
corpus consists of the cited papers, about which information is collected with the CCA
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(Prep. 3) and the citing papers, that contain the information in their citation contexts
(Prep. 4).

Steps 1-3: Once the preparatory steps have been completed, the actual CCA can be con-
ducted in four steps. Steps 1 to 3 are repeated for every instance: A citation of a source
from the source corpus must be located, and the unit of analysis must be delineated and
interpreted, i.e. values according to the coding scheme must be assigned.

Step 4: Step 4 collates the interpretations. In the case of evaluative CCA, this usually
amounts to a descriptive statistic, which in some cases is correlated with properties of
cited or citing documents. In analytical CCA, more complex conclusions are drawn.

Once the CCA is completed, its results are used to answer the research question, often in
combination with other information collected in a research project.

3. The citation context may not contain information about the citation

One of the premises of CCA is that the citation context that is interpreted by humans or
categorised by LLMs contains information about the cited source. If this is not the case,
the interpretation/automated coding of the citation context may return an incorrect re-
sult. This situation occurred in an application of a generative LLM for CCA by Nishikawa
and Koshiba. The generative LLM was instructed to consider the paragraph including the
citation and to categorise the positive, negative or neutral assessment of the cited source
with the following instruction:

Figure 1: Prompt used for coding the citation purpose (Source: Fig. 1 of Nishikawa
and Koshiba, 2024: 6759)

~— Prompt for citation purpose (Simple):

Classify the type of purpose for which the author of the
following text is citing the target. The type of citation
purpose category is Background, Comparison, Criticize,
Evidence, or Use. The label of the target literature is
Target: onwards, up to a new line. The thesis is the text
after Text:. Just report the classification result.

Target: {Labels of cited papers in the text to be annotated}
Text:
{A paragraph to be annotated}

This did not work in a case where the cited sources (Latour, 2004 and Lupton and
Mather, 1997) provided only background information and the criticism in the paragraph
following the citation was directed at a situation described in the cited source rather than the
cited source itself.
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This use of technical devices in an attempt to suppress political debates has been
widely documented elsewhere (e.g., Latour, 2004; Lupton and Mather, 1997). At an
extreme this use of GIS and mapping reinforces and aggravates existing divides and
inequalities. (Nishikawa and Koshiba, 2024: 6769)

Since the LLM was instructed to classify the paragraph after the cited sources, it applied
the negative assessment in this paragraph to the cited source. A correct classification
requires the identification of the argument made in this paragraph rather than the text
presented there. In Nishikawa’s and Koshiba's coding scheme, the use of the cited sources
for this argument could be categorised as Background, Evidence or Use.

This example could be dismissed as a case where the prescribed citation context
(paragraph) did not match the actual citation context (the sentence ending with the
citation). However, the problem could easily occur with a citing sentence, too. In the
following example, the sentence citing Greenland 1990 and Greenland and Poole 2013
criticises frequentist analyses of observational data:

In this respect, frequentist analyses of observational data seems to depend on unlikely
assumptions that too often turn out to be so wrong as to deliver unreliable inferences,
and hairsplitting interpretations of p values becomes even more problematic (Green-
land, 1990; Greenland and Poole, 2013). (Schneider, 2015: 419)

Without analysing the cited sources, it is impossible to tell if they are examples of “hair-
splitting interpretations of p values” or criticise such hairsplitting interpretations. Thus,
itis not even clear to human readers if the text contains an assessment of the cited source
or not. An LLM-based CCA working with linguistic markers would be likely to code this
example as a negative citation of Greenland 1990 and Greenland and Poole 2013 if the
prompt used by Nishikawa and Koshiba (2024) would be applied.

The general situation in which such a transference of negative evaluations to the cited
source can be described as follows: If the cited source is used as a source of information
about a phenomenon that is not produced by the authors of the cited publication but just
reported by them, and if the phenomenon is criticised by the citing paper, this criticism is
likely to be ascribed to the cited source. Human coders are likely to recognise the problem
during coding and to adapt their interpretation, while it seems currently impossible to
design a rule for an LLM that could take this situation into account.

4. The coding scheme must provide for missing values

Another assumption that often appears to inform the construction of coding schemes
for CCA is that it matches the information contained by each citation context perfectly.
In other words, CCA often assumes that there are no missing values in citation contexts
and applies coding schemes that provide no option for handling such cases, as in the
following example:
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The scheme which we devised to classify the reasons for citation of these pre-1930
papers is as follows:

Historical background

Description of other relevant work

Supplying information or data, other than for comparison
Supplying information or data for comparison

Use of theoretical equation

Use of methodology

Theory or method not applicable or not the best one

OmMmgo N ® >

(Oppenheim and Renn, 1978: 226)

This coding scheme (and several otherslisted by Liu, 1993) is neither exhaustive, nor has it
an option for missing values and unexpected information. Some of the coding schemes
used in LLM-based CCA appear to follow the same tradition. For example, the coding
scheme used by Nishikawa and Koshiba (s. Fig. 1) uses Background, Evidence, Compari-
son, Criticise or Use. Similarly, the highly popular coding scheme introduced by Jurgens
etal. (2018) which has also been used by Pride and Knoth (2020) and Kunnath et al. (2022),
does not appear to be exhaustive and has no room for missing values (Figure 2).

Figure 2: Coding Scheme used in experiments with LLMs (source: Jurgens et al., 2018: 393)

Class Description Example
BACKGROUND P provides relevant information for This is often referred to as incorporating deterministic closure (Dérre,
this domain. 1993).
MOTIVATION P illustrates need for data, goals, As shown in Meurers (1994), this is a well-motivated convention [...]
methods, etc.
USES Uses data, methods, etc., from P . The head words can be automatically extracted [...] in the manner de-
scribed by Magerman (1994).
EXTENSION Extends P’s data, methods, etc. [...] we improve a two-dimensional multimodal version of LDA (An-
drews et al, 2009) [...]
COMPARISON Expresses  similarity/differences Other approaches use less deep linguistic resources (e.g., POS-tags
OR CONTRAST to P. Stymne (2008)) [...]
FUTURE P is a potential avenue for future [...] but we plan to do so in the near future using the algorithm of Little-
woik: stone and Warmuth (1992).

The application is liable to creating situations in which coders a) may subconsciously
invent information that is not in the citation context to resolve the conflict or, if they
recognise the conflict, b) decide to ignore available information if it does not fit any of
the options provided by the coding scheme, or ¢) expand the coding scheme and start all
over again. Not all of these possibilities are open to both human coders and LLM, since
only the former are able to deviate from the given instructions if they cannot fulfil their
objective, and choose one of the options b) or c).

An LLM on the other hand must follow the given steps and find a matching value in
the coding scheme for every citation context. Thus, it is forced to choose b) and produce a
‘finding that is not actually there. To avoid this, the applied coding scheme and the given
prompt should be expanded to include an option for missing values.

Unfortunately, LLMs have a built-in tendency to please their human masters (syco-
phancy, Sharma et al., 2025) and are known to notoriously ‘retrieve’ non-existent data in
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different contexts even when given the opportunity to report a missing value. This fosters
the possibility that fictional data are distorting the CCA and should be considered when
applying LLMs to CCA.

5. Syntactically delineated text is unlikely to provide accurate information
about its semantics

The question of what text surrounding a citation should be analysed as citation context
is along-standing concern of CCA. Zhang et al. phrase this question as follows:

In the context of citing behavior, ... we need to make decisions regarding the following:
.. Should a single sentence, or a cluster of sentences in which a reference is mentioned,
be selected as the unit of analysis? (Zhang et al., 2013: 1494).

In their review of NLP and machine learning approaches, Igbal et al. review experiments
with different numbers of sentences before and after a citation and conclude that “the use
of four sentences (the citing sentence, one sentence before the citing sentence, and two
sentences following the citing sentence) ... is now considered as a quasi-norm for in-text
citation analyses studies (Teufel et al., 2006).” (Igbal et al., 2021: 6561)

These discussions of units of analysis for CCA point to a fundamental problem. As il-
lustrated by Zhang et al. (2013) and Igbal et al. (2021), traditional CCA implicitly assumes
that a number of syntactic units can be selected as citation context. LLM-supported CCA
initially used the same approach. However, the use and the assessment of a cited source
occur in a scientific statement or argument, i.e. in a semantic unit. Any fixed syntacti-
cally delineated citation context is unlikely to coincide with the argument from which the
purpose and the meaning of a citation’s use arise. Most syntactic delineations of citation
contexts including Nishikawa’s and Koshiba’s instruction of their generative LLM (see
above, Figure 1) would fail in the following example from one of our own CCAs (Figure 3).

The arguments that use the reference Yan et al. extend to the following paragraph.
At the beginning of this paragraph, the authors of the citing paper report results pre-
sented in the cited source and state what the authors of the cited source did not study,
which is then used to motivate their own research. Thus, the cited source is used to sup-
port two entirely different arguments, one about what is known about linc-ITGB1 and
one about what is not known. Most CCAs including the one conducted by the generative
Al instructed by Nishikawa and Koshiba would find the former but would (be forced to)
ignore the latter.
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Figure 3: A citation context from cancer research (source: Li et al. 2017: 3400, solid line shows cit-

ing paragraph, dotted line the extension of the argument beyond the paragraph)
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Figure 3. Correlation between linc-ITGB1 expression and
DFS time in BC patients.

vention and therapy of breast cancer remain a
major public health concern. More studies15,16
have recognized that the appropriate therapies
require effective biomarkers to guide. Recently,
growing papers reported that changes in ex-
pression of IncRNAs can be used as robust and
important biomarkers for cancer risk, diagno- sis,
and prognosis17-19. Based on previous find- ings,
our attention focused on the linc-ITGBI1.

proliferation, migration and invasion, while its
knockdown exert the contrary role. Furthermore,
constant with previous study, they also identified
that inc-ITGB1 served as a tumor promoter by
affecting EMT. Those findings informed that linc-
ITGBI1 played an important role in progres- sion
and development of gallbladder cancer and BC.
However, their research didn’t study the clinical
significance of linc-ITGBI in patients.

Linc-ITGBI is a newly discovered IncRNA. To
our best knowledge, only two papers reported the
specific role of linc-ITGB1 in tumors, including
gallbladder cancer and BC. Wang et al20 firstly
reported that expression of linc-ITGB1 was up-
regulated in gallbladder cancer cells. Moreover,
they confirmed that linc-ITGB1 was a promot-
er of gallbladder cancer metastasis due to its
regulation of epithelial-to-mesenchymal transi-
tion (EMT). Yan et al12 found that linc-ITGB1
was overexpressed in BC tissues and cell lines,
and its over-expression significantly inhibits cell

: In the present work, we firstly determine

the expression levels of linc-ITGB1 in BC and

: matched normal tissues and observed significant-
i ly increased expression of linc-ITGB1 in the BC
¢ tissues than in the adja

nt normal breast tissues
> further found the expression level of Tine-
ITGBI was significantly associated with lymph
node metastasis, pathological differentiation and
TNM stage, suggesting linc-ITGBI1 contributed
to progression of this tumor. In addition, Ka-
plan-Meier analysis demonstrated that high linc-
ITGBI expression level was associated with poorer
OS and DFS. Based on these data, we performed
multivariate analysis and the results indicated that
linc-ITGB1 was an independent prognostic factor
for predicting OS and DFS of BC patients. On
the basis of the previous reports, we suggested
hypothesized that the contribution of high linc-
ITGBI expression to the poor prognosis of BC
patients might be caused by its facilitative effi-
ciency on BC cell proliferation and metastasis.

Conclusions

We revealed, for the first time, that linc-ITGB1
may represent a valuable independent prognostic
indicator for BC. Further study to discover the
molecular mechanism of linc-ITGBI about tumor
migration and invasion is currently in progress.

In other cases, arguments using a cited source may occur completely separated from
that source (Figure 4). In an article in the field of international relations, Donnelly (2011)
cites a total of five publications by Kenneth Waltz. He refers to publications by Waltz not
only by conventionally citing them but also by using his name or labels for his approach
like “structural realism” as markers. The sample page shown in Figure 4 begins with a

common type of citation context in which a publication by Waltz is used ‘substantially’
and cited ‘positively’ according to conventional coding schemes. Further down this page,
the name provides the reference for a ‘substantial’ but ‘neutral use. Still further down and
nowhere near a citation of one of Waltz’s publications, “Waltzian approach” and “struc-
tural analysis” are used as markers for his publications with a thoroughly negative as-

sessment.

https://doi.org/10.1

[T

inlib pen Access

461


https://doi.org/10.14361/9783839447529-453 
https://www.inlibra.com/de/page/agb
https://creativecommons.org/licenses/by/4.0/

462  Part 6: Citation context analysis

Figure 4: Distribution of arguments independently of citations (source: Donnelly,
2011:171)

Donnelly 17

network of social positions. |t helps us to ‘describe and understand the pressures states
|and other international actors] are subject to’ (Waltz, 1979: 71).

I As citing Waltz suggests, this is not very different from the mainstream approach.
One cannot read off substantive theory from a typology of elements of structure or an
analytical framework of differentiation.| From IR’s tripartite conception of structure
nothing more of substance follows than from my multidimensional framework — pace

| Waltz’s suggestion that it entails structural realism.|Explanation or prediction is possible

only when particular elements are combined in a particular fashion. A typology of
elements of structure may delimit a range of structural possibilities. It does not imply
any particular substantive theory — unless, perhaps, all systems have the same structure

(which they do not).

A dimensional framework can also be used to add discipline to historical compari-
sons, which too often are impressionistic or focused on features taken out of context. For
example, a neo-medieval (e.g. Bull, 1977: 254-256, 264-276) account of globalization
singles out the absence of a dominant unit type and the presence of extensive functional
differentiation and heterarchic stratification. But what happens when Christendom and
hierarchy are replaced by an egalitarian global culture and universal human rights as an
internal standard of political legitimacy? Or, how do the technologies of our era influ-
ence the ways functions are divided, how group actors are formed and aggregated, or the
relations between individuals and authorities of various sorts?

Daniel Nexon suggests comparing globalization with early-modern Europe, espe-
cially because of the prevalence of composite states and the importance of transnational
relations (2009: 19, 299-300). This was also a period when space and time were trans-
formed and new forms of religious and cultural conflict emerged. I find particularly
intriguing the idea of using a framework of differentiation to ‘unwind’ ‘Westphalia’ in
order to think through possible ‘post-Westphalian® futures.

Historical comparisons are, to be sure, ‘only” analogies. But we should appreciate,
and put to good use, the understanding and insight they provide — especially given
the lack of a serious ‘stronger’ alternative.{The mainstream Waltzian approach, for all
its social-scientific pretense, amounts to analogical reasoning — employing a rather
simplistic, ahistorical analogy at that. Rather than seek to depict accurately the actual
structure of real international systems, ‘structural analysis’has become a dubious exercise
in determining how closely a system approximates a highly idealized one-dimensional
type.JA dimensional approach directs us back to dealing with the real complexities and
varieties of international structures.

The cited source is used to support several different arguments. Furthermore, it is
clear from phrases like “Waltzian approach” that the cited source is used together with
other publications by Waltz referenced in the paper even though no source is provided
close to the second and third arguments. In this case, the application of any known rule
for syntactically delineating citation contexts would lead to an erroneous interpretation.

There are also field-specific citation practices and publication styles that do not work
within narrow parameters, as elements of one argument can be scattered all over the
publication, distant paragraphs of other parts of the publication or stay implicit all to-
gether. In the following example from the history of arts, the argument using the cited
source is partly made in the main text and continuous in the footnote surrounding the
cited source (Figure 5).
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Figure 5: Distribution of an argument over a page (source: Sluijter, 2014: 67,
frames delineate the two parts of the argument)

Huygens saw it precisely that way: for him the art of the young Rembrandt was
the decisive Dutch answer to the achievements of the Italians and the ancients.
Rembrandt’s exceptional capacities in rendering the pass_ions andthe |
great intensity with which he strove to achieve his goals were immediately
recognised by Huygens when the former was only about 24 years old; this
recognition constituted the essence of Huygens’ admiration for Rembrandt,

which he expressed in the paragraphs on the art of painting in the

autobiography of his youth, written in 1631. JHu}genstmpihasmed hat

Rembrandt’s excellence was to be found in the ‘affectuum vivacitas’ and ‘vivida ]

c

inventio’, his lifelike expression of emotions, and his true-to-life inventions! 5

_ %
To this he added that

67

(the other being Rembrandt’s friend and studio companion Jan Lievens), an
acute observation that still holds true for all the history paintings Rembrandt
made between 1626 and 1631. In Huygens’ beautiful ekphrasis of Rembrandt’s
rendering of the figure of Judas - an involved reading in which he imagines
that he really sees before him what is happening — he makes clear that this
figure, ‘contorted in pitiful hideousness’, as he says, is entirely different from
anything he has ever seen before * This leads him to the conclusion that this
still beardless young man has surpassed all the Italians and the artists from

antiquity:

Thus, while the assumption by Ritchie et al. (2008: 216) “that the words that are used
to describe the cited paper will occur close to the citation and that, further away, words
are less likely to be about the paper” may be correct in most cases, it is impossible to
predict how far away from a cited source arguments using it may occur in any individual
case. Our examples illustrate the possibility that the argument or arguments using a cited
source do not coincide with the syntactically defined citation context (e.g., the paragraph
following or three sentences before and after a citation). If such a mismatch occurs, key
information may be excluded from the interpretation because it is located outside the
predefined citation context. In other cases of mismatch, the information about the cited
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source may be distorted by information from other unrelated arguments that are fully or
partly captured by the citation context.

The citation contexts in which citations are used and assessed are the argument(s) us-
ing the cited source, i.e. semantic units of analysis. This definition of the unit of analysis
is independent from syntactic delineations because arguments have no specific syntac-
tic dimension by which they could be reliably identified. The syntactical delineation of
citation contexts that has been dominating both human and LLM-based CCA is unlikely
to deliver valid results because mismatches are likely to occur (Figure 6).

Figure 6: Possible relationships between the argument using a cited source (red
square) and a syntactically delineated citation context (ellipses)

T
3 1@A
N~

The relationships between the argument and the citation context can have the follow-
ing consequences for its representation:

1) Match: If the context is coextensive with the argument, the likelihood of a correct
interpretation is highest.

2) Part: If only part of the argument is captured by the citation context, its interpreta-
tion is likely to be incomplete.

3) Diluted: If the context exceeds the argument, the argument’s interpretation is likely
to be diluted by other arguments.

4) Distorted: If the context contains part of the argument and a larger amount of un-
related text, its interpretation is likely to be based on a different argument that may
even be the opposite of the argument using the citation.

5) Unrelated: If the context is not related to the argument at all, its interpretation is
highly unlikely to represent the argument using the citation.

While the mismatch between syntactically delineated citation contexts and arguments
that use cited sources is a problem of CCA in general rather than LLM-based approaches,
it can be overcome much more easily by human coders than by LLMs. Human coders
can (and we suspect often do) identify arguments and use them in lieu of the prescribed
citation contexts ‘on the fly’, i.e. when a mismatch becomes obvious in the course of a
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CCA. In contrast, Als must follow the rules and thus cannot adapt to mismatches if the
use of a fixed citation context is prescribed.

For LLM-based methods to avoid this mismatch, the rules must enable them to iden-
tify and delineate all kinds of statements in which authors use cited sources. While the
likely mismatch between syntactically delineated citation contexts and arguments us-
ing the cited paper has not been widely discussed in the context of LLM-based CCA, the
problem of using fixed citation contexts has been noted and motivated attempts to use
LLMs for a dynamic delineation of citation contexts (e.g., Kunnath et al., 2022). The au-
thors delineated citation contexts based on the similarity between embeddings of sen-
tences in the citing paper and embeddings of title and abstract of the cited paper. They
demonstrated that the classification of citation purposes ‘improved’ when variable ci-
tation contexts were used and ‘improved’ again when non-contiguous variable citation
contests were used.

Although the experiments conducted by Kunnath et al. (2022) fall short of a valida-
tion of their method, two aspects merit discussion because they are likely to persist with
LLM-based dynamic context detection. First, the method is based on the assumption that
the text which is semantically most similar to the reference’s title is most relevant for the
categorisation of a citation context. This assumption, which is not explicated by Kun-
nath et al., has not undergone any empirical test. It is unlikely to be correct in all cases
because a publication can be cited for different knowledge claims, not all of which are
equally well represented by its title. Second, the method appears to replace fixed cita-
tion contexts with fixed thresholds for semantic similarity. Therefore, the possible mis-
matches between arguments and citation contexts shown in Figure 4 remain, with the
ellipses representing text that is semantically similar to the cited source’s title above a
fixed threshold.

Another approach to identify the semantically relevant citation context is to train
LLMs with a corpus in which text segments with specific semantic functions are anno-
tated and citation used to train LLMs. Jantsch et al. (2025) defined three functions of a
citation context, namely the information the citing author references, the relationship
between the citing and the cited work, and the reason why a citation is included. They
manually annotated 1056 citation contexts and used this data set to train an LLM. While
this training of an LLM still exploits semantic similarity (in this case: between the anno-
tated text segments and the model that is trained), the general approach could be used
for the identification of scientific statements rather than epistemic functions of word se-
quences. This would require a training data set on all kinds of scientific statements in a
research field that use citation, a task that seems currently impossible.

6. Discussion

We discussed three methodological challenges of CCA which precede the development of
LLM-supported CCA but are highlighted by this development because LLM support re-
quires the formulation of explicit rules for the LLM application. The explication of rules,
inturn, reveals a gap in the methodological foundations of CCA and enables their discus-
sion. In the context outlined in the introduction, the technical object (traditional CCA) is
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turned into an epistemic object again because its future routinisation through LLM sup-
port problematises its foundations. CCA as a social-scientific method is in urgent need
of methodological qualification. So far, neither the construction of coding schemes nor
the delineation of citation contexts have sufficiently considered methodological princi-
ples of social science research. The resulting problems remained hidden in traditional
CCA because (a) CCA is rarely used to answer research questions and thus can rarely fail,
and because (b) human coders are likely to compensate for them ‘on the fly’, sometimes
possibly without even noticing them.

Given that the development of LLM-supported CCA is still in its infancy and LLMs
are rapidly evolving, we refrain from predicting how far they will be able to go. However,
we would like to draw attention to three problems that need to be addressed as early
as possible in the process of developing LLM-based CCA. First, the validation strategies
for LLM-based methods need to be revised. If LLM-based methods applying faulty rules
are assessed by comparing them to annotated citation contexts that have been produced
applying the same faulty rules, the outcome contains little useful information.

Second, it seems doubtful that the development of LLM-supported CCA can produc-
tively continue without considering the relevant theoretical and methodological back-
grounds in science studies. Developing methods without the input of a concrete, theory-
based research question can isolate the methods from the very field they are intended to
serve.

Third, there is a danger of stretching the conceptual foundations of LLM use. It is
worth noting that the “distributional hypothesis” as formulated by Harris (1954) states
that differences in the linguistic meaning of words correlate with differences between
the distribution oflinguistic entities in their context (Sahlgren, 2008; Lenci 2018: 152-153;
Haber and Poesio, 2024; Resnik, 2025: 894). While it seems legitimate to conclude from
this hypothesis that correlations between distributions of syntactic units in word con-
texts reflect semantic similarity, the distributional hypothesis does not state that the con-
text of a word or phrase determines its meaning, which is often assumed in the literature
(e.g., Andrews et al., 2014: 361; Boutyline and Arseniev-Koehler, 2025: 90). LLM develop-
ers and users need to carefully distinguish between what a LLM does and the actions they
ascribe to a LLM based on their own creation of meaning. The delineation of citation con-
texts is a case in point. A delineation based on semantic similarity might be more useful
than fixed citation context windows for some purposes but is still fundamentally differ-
ent from the identification of a scientific statement that uses a cited source.

7. Conclusions

In this chapter, we highlighted some optimistic assumptions underlying current human-
based and LLM-based applications of CCA, and demonstrated that these assumptions
may prove wrong in an unknown but potentially large number of cases. Attempts to use
LLMs for the support and scaling-up of CCA require explicating and formalising the
method and thus reveal weaknesses it has had all along. From this follows that develop-
ing LLM support for CCA requires exploiting the possibility suggested by Rheinberger,
namely transforming CCA back into an epistemic object by re-opening its conceptual
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exploration. With regard to the conceptual foundations of LLM applications, our discus-
sion highlights the difference between LLMs’ mimicking of the human practice of using
linguistic markers to assign labels to texts and true interpretation, which uses layers of
contexts of varying sizes in a holistic act to establish a possible meaning of a text. While
there are many cases in which humans use the same approach LLMs use today, and while
marker-based labelling and interpretation may produce the same result in even more
cases, there is an unknown number of cases in which the correct application of the two
approaches would lead to different results.

Given these problems, we would like to invoke Robert Merton’s “organised scepti-
cism”, which demands a temporary suspension of judgment and the detached scrutiny
of beliefs in terms of empirical and logical criteria (Merton, 1973 [1942]: 277). While we
do not see evidence that LLMs can solve the methodological problems we discussed, we
do not consider this to be impossible. We also believe that experiments with LLMs can be
productively used to further elaborate the methodological problems of CCA.

The more general argument that can be derived from our discussion is that regardless
of the outcomes of current uses of LLMs so support interpretive methods in the social sci-
ences, these experiments can lead to an improvement of methods because they force the
explication of taken-for-granted assumptions and implicit methodological rules without
which a LLM cannot be properly instructed. Attempts to use LLMs thus exercise pressure
on social science methodology to improve the understanding of methods and to increase
the precision of their description.
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