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Abstract

The problem of pedagogical discourse as a speech behavior form is a cutting-edge linguistic area.
Within its framework, it is necessary to identify some lexical and semantic components that form
a certain rhetorical and pedagogical ideal. To date, such studies are carried out manually. This paper
describes the automatic study of pedagogical discourse. As part of the experiment, statistically
significant discourse markers and patterns are extracted from the corpus of teachers’ speeches, such
markers characterizing both general trends in teaching methods and idiostylistic characteristics
of a particular teacher. The results of the marker analysis make it possible to form a preliminary list

of speech patterns that beginner teachers can use.
Keywords: pedagogical discourse, corpus linguistics, discourse markers, collocations, NLP.
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AHHOTAIIUA

Vsy4yeHne ocoGeHHOCTEl MeAarornyeckoro AUCKypca Kak GopMbl pedeBOro MOBefieHNs SAB/IACTC
AKTVMBHO Pa3BMBAIOIIMMCS HAIIPAB/IEHNEM B JIMHIBUCTYKE U IIefarorukKe. B paMkax 9Toro Harmpas-
JIHIS PACCMATPUBAETCS PAN TEKCHYECKUX M CEMAaHTIYECKUX KOMIIOHEHTOB ey y4uTess, Gopmiu-
PYIOLIUX OIpe/Ie/IeHHBIII PUTOPIIECKIIT 1 TIeJaroT4ecKuii 06pas, U TaKue UCCIe0BaHA 0OBIYHO
[IPOBOJASTCS BPYUHYIO. B aHHOII CTaThe OIVCBIBAIOTCS PE3Y/IbTATDI, IIOTlyYeHHbIe PV aBTOMATI-
4eCKOM aHajIM3e IefjarorNueckoro NUCKypca. B xofie sKcIepuMeHTa 13 pacindpOBOK pedn yauTe-
JIeli M3B/IeKANICh CTATUCTIYIECKN 3HAYMMBble JVICKYPCHBHBIE MapKephl 11 MaTTepHbI, XapaKTepHbIe
I Iefarorn4eckoro AUCKypca B IeIOM, @ TaKXKe MAMOCTHINCTIYECKUE XapaKTePUCTUKY pedn
KOHKPETHOTO yumTesndA. Pe3y/lbTaThl aHa/mM3a aBTOMATIYECKY U3B/ICYEHHBIX MapKEePOB MO3BOJIAIOT
copMMpOBaTD IpefBAPUTENBHBII CIICOK PEYEBBIX IATTEPHOB, KOTOPble MOXXHO PEKOMEH[IOBATh
UCII0/Ib30BATh HAUMHAIOLINM YUUTE/AM.

KiroueBble cloBa: IIelarormuecKmii AMCKypc, KOPITyCHAsA JIVHTBYICTUKA, AUCKYPCUBHbBIE MapKephl,
KOJTOKAILVM, aBTOMaTH4YecKas 06paboTKa TeKcTa.

Introduction

Teaching practices have great importance because students’ well-being and academic
achievements strongly depend on how successive teaching practice of a particular teacher
is. Despite this, there is a lack of studies of what a particular lesson consists of and how
the teacher behaves. However, there are a plethora of methodological and normative
regulations that are to be implemented by teachers (Sergomanov et al., 2023). There are
several questions to be answered, such as What behavioral patterns that are intrinsic for
a teacher sustain a class as a community? It should be also noted that being inevitably
digitized (largely due to the COVID-19 pandemic), education goes through a process of
massive transformation. The whole phenomenon of education, its space and organization
are being redefined (Sergomanov & Bysik, 2022). There are four ways to define effective
teaching:

 an importance of results for students’ activity;
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o individualization of goals, which having been chosen, planned and achieved,
become results;

o personalization of education;

o optimization of resources (Semenov, 2020).

In this research, we follow the first definition of effective teaching. The effective
teachers are said to share some common features: linguistic markers and patterns,
metaphors and means to regulate the mental condition of students (Sergomanov et
al., 2023). In the aforementioned study, teaching practices were explored by analyzing
videotapes of lessons that were given by effective teachers in different Russian cities. There
were 74 lessons conducted by 11 teachers. The linguistic, discourse and social levels were
analyzed.

There are many tools that help measure students” academic progress and their social
well-being (Qridi', Navigated Learning Collaborative?, etc.), which means that there is
a certain amount of data that can be studied using mathematical methods and machine
learning.

Related works

The importance of using natural language processing (NLP) procedures for texts
of different genres cannot be overemphasized. Its ability to process large volumes
of data, identify patterns, and extract meaningful insights can help individuals and
organizations make informed decisions that are more efficient, objective, and relevant.
Extracting discourse units is not an exception. The simplest way to detect significant
phrases, collocations or keywords is to apply a statistical approach. Association measures
(Evert, 2004) do not lose their importance in relation to a task of collocation extraction.
More elaborate statistical methods involve calculating frequencies using stop-words or
delimiters, for example, RAKE that is used for keyword extraction (Rose et al., 2010).

The discourse analysis attracts the attention of researchers because it allows us to
understand what strategies can be most successful, as well as to demonstrate how to build
effective teaching. Wang and Han (2015) performed a quantitative analysis of the speech
of teachers and students at high schools focusing on students’ interaction which proved
to be low. They calculated the ratio of teachers’ questioning, as well as the number of
open and closed questions. The paper concluded that students participate in the learning
activities passively and professors should encourage them to take initiative.

Basically, papers dwell on English lessons. For instance, Lee (2020) focused on the
classroom discourse using an ethnographic approach and a corpus-based linguistic
method. The study described the use of the construction you know in 24 English lessons
taught by four highly experienced teachers. The author studied the frequency of the you
know phrase in teachers’ speech, described its functions, and showed the specific usage
of you know in the classroom speech compared to the other types of English-language
discourse. Husna et al.’s study (2022) analyzed transcripts of teachers’ speech to describe
speech acts produced by EFL teachers. Assertive, affirmative, and informative speech
acts were described as a tool of lesson organization: explanation of new material, student
assessment and many other aspects. However, there are studies that examine other lessons.
Sharpe (2008) examined in detail the excerpts of two History lessons and described the
teacher’s language strategies that lead to student skill development.

The research demonstrates that the analysis of pedagogical discourse using linguistic
tools is fairly promising for describing teachers’ speech both in general and from a

! https://hundred.org/en/innovations/qridi-a-digital-platform-for-formative-assessment#location
* https://hundred.org/en/innovations/navigated-learning-collaborative-powered-by-gooru-navigator
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methodological perspective. Since there are currently no spoken corpora of Russian-
speaking teachers, the aim of the study is to propose a procedure for automatic analysis
of teacher speech transcripts and comment on the obtained results. The proposed
methodology can be useful for studying pedagogical discourse.

Experimental Setup

Corpus description

For this study, we have collected a corpus of hand-annotated speeches from more
than 40 teachers who were originally recorded during their classes. Below we present
some linguistic, extralinguistic and statistical parameters of the dataset (cf. Table 1). Basic
statistics were obtained using the Profiling-UD tool (Brunato et al., 2020), which allows
extracting more than 130 morphological, syntactic and semantic characteristics of the
text. Its distinctive feature is that it supports multiple languages (including Russian), as
it is developed using the Universal Dependencies framework. We present some features
of the corpus.

Table 1. Linguistic and statistical parameters of the corpus

Extralinguistic parameters Values
Number of regions 3
Type of school secondary
Number of subjects 9
Period of recording spring 2022
Linguistic and statistical parameters Values
Corpus size in tokens 88786
Number of teachers’ sentences 11977
Tokens per sentence 7.4
Average noun distribution 15.04
Average verb distribution 12.89
Average adjective distribution 6.04
Average adverb distribution 8.26

The texts of the corpus were recorded in three different cities of the Russian
Federation: Nizhny Novgorod, Lipetsk and Kostroma. The subjects were as follows: the
Russian Language, Literature, the Foundations of the Spiritual and Moral Culture of
the Peoples in Russia, Handicraft, Geography, History, Mathematics, Physics, and IT.
Within the framework of the study, lessons of English as a foreign language were also
recorded. It is worth mentioning that we will not take them into consideration, since,
unlike monolingual lessons, code switching is typical for foreign language lessons. It is
necessary to develop a different methodology for such texts.

Another pivotal parameter is lexical density. According to Johansson (2008), it is
defined as a fractional index of meaningful lexical units in a text (nouns, verbs, adjectives,
adverbs), ranging from 0 to 1. We consider this parameter as a criterion for determining
the formality of pedagogical discourse. The final index is close to 0.6, which indicates the
lexical richness of teaching remarks. Thus, we can assume that certain discourse markers
and topic related lexical collocations will be detected when applying statistical metrics.
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Processing Tools

The procedure for automatic extraction of discourse markers consists of several
stages. First, the texts of the corpus were tokenized and lemmatized using the Stanza
library (Qi et al., 2020) for the Python 3.7 programming language®. We chose this library
because it showed good results in processing both structured and unstructured text data
of various genres in Russian (Lagutina, 2022; Mamaev et al., 2023). Secondly, on the basis
of the Russian National Corpus* and a Frequency Dictionary of Russian (Lyashevskaya
& Sharov, 2009), a list of stop-words was compiled to exclude lexical units that do not
contain an important semantic component: prepositions, conjunctions, auxiliary words.
Finally, using the Natural Language Toolkit (NLTK) module®, we automatically detected
biterm collocations from the texts and ranked them by the index of non-randomness in
accordance with the values of the log-likelihood and t-score metrics. The first metric is
calculated as the likelihood function ratio corresponding to two hypotheses about the
random and non-random nature of a certain biterm collocation (Bogoyavlenskaya &
Palytchuk, 2022). Since the calculation procedure does not involve information about
absolute frequencies of words, this metric is not sensitive to the size of the corpus. On the
contrary, t-score depends on the size of the corpus, since the metric takes into account
absolute frequencies of both the main word and its collocate. That is why we need to
compare the collocations extracted by two opposite metrics in terms of analyzing teachers’
speeches. Figure 1 illustrates a part of the text preprocessing script.

[ 1 swlist = []
f = open(‘swl.txt', 'r', encoding="utf-8")
for i in f:
i = i.replace(‘\n', "")
swlist.append(i)

f.close()

[ 1 frame =[]

for txt in glob.glob('*.txt"):
f = open(txt, encoding="utf-8").read()
doc = nlp(f)

sentence = []
for sent in doc.sentences:
for word in sent.words:
if word.lemma.lower() not in swlist:

sentence.append(word.lemma.lower())

frame.append(sentence)

Figure 1. Example of the text preprocessing script

The whole collection of textual data was divided into separate groups depending on
a city and a teacher. The first 100 bigrams from the final lists were subject to primary
meaningful analysis, classification, as well as interpretation.

*  https://www.python.org/downloads/release/python-370/
*  https://ruscorpora.ru/

°  https://www.nltk.org/
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Results

The results of the study allow us to identify a number of pattern markers that teachers
use during their classes. Below we present some results of the log-likelihood value. One of
the most common markers among all the teachers, regardless of the city and subject, is the
obpamumv_sHumanue (pay_attention) collocation. The main function of this marker is
to take notice of a certain speech segment. This collocation turned out to be used in both
perfect (o6pamumo_sHumanue) and imperfect (o6pamamo_sHnumarue) types. Table 2
presents the main usage examples with the final log-likelihood value of the metric for this
group. This marker is used not only in the imperative form, but also as a part of a modal
construction domucen_obpamumo_sHumanue (should_pay_attention).

Table 2. Examples of the o6pamumu_snumanue (pay_attention) collocation

Group Example Value
Nizhny Novgorod_ | 9rto Kynukosckas 6ursa. Bol HaBepHsKa 0 Heli ciplaim, a ce- | 76.15
History TOJIHSA MBI ITOTIITaeMCs YTO-TO HOBOE [T cebs y3HaTh. Ecrm Mbr

n3yqaeM 6I/ITBy, Ha 49TO JOJI>KHbI 06paTI/IT]) BHUMaHMe?

This is the Battle of Kulikovo. You must have heard about it,
and today we are going to learn new facts. If we study the battle,
what should we pay attention to?

Kostroma_Russian_ | JITak, yacTb pe4n, oOpaTuTe Ha 9TO, IIOXKANYIICTa, BHUMAHIIE. . 19.72
Literature
So, part of speech, pay attention to this, please...

Lipetsk_Geography | O6parute BHMMaHMe Ha ycTbe peku. OHa BIaaer Kyma? 433.24

Pay attention to the mouth of the river. Where does it flow into?

Another large type of discourse collocations contains an addressee function. We
were able to describe several subtypes. One of the subtypes can be described by the
PROPER NOUN + IMPERATIVE construction, which is aimed at a particular student.
Other constructions denote a collective name of the addressee or contain a metonymic
transfer (cf. Table 3). Examples below are anonymized; all the names are replaced with
symbols like X or Y. These discourse markers have certain stylistic differences, indicating
the degree of distancing of the teacher from the students. For instance, using generalized
expressions such as monoduvie_noou (young people) indicates the presence of a well-
defined hierarchical structure, while the usage of students’ personal names and their
reduced forms indicates blurring of the boundaries among teachers and students. As a
result, it denotes close interaction within classes.

Table 3. Examples of collocations with an addressee function

Group Example Value
Nizhny Novgorod_ X, OXayicTa, CARb KakK CIeyeT, BIIOJI000pOTa BeCh 17.30
Mathematics YPOK CHAMIID!

X, please sit still, you sit half-turned the whole lesson!

Kostroma_The Founda- Mornoppie TIOAH, KaK IPYBETCTBYIOT APYT Apyra My>K4mHbI? | 29.79
tions of the Spiritual and
Moral Culture of the Young people, how do men greet each other?

Peoples in Russia

Lipetsk_Geography X! Ter ceromusa monopen! Tpermit pan! Y? 42.04

X! You are doing well today! Third row! Y?

32 Creative Commons by the Authors is licenced under CC-BY
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Besides the common markers that characterize teachers as a social group, there are
also idiostylistic markers that characterize the speech of an individual teacher. One of
the teachers referred to himself using the third person instead of the first person (so-
called illeism). The log-likehood value is 170.39, it takes the second position for the
analyzed group, second only to the collocation of uenosex_ucxyccmeo (man_art), its log-
likelihood value is 178.44. This discourse collocation may denote self-irony, as well as
quite a superficial attitude towards oneself (Fisher, 2015). The name and the patronymic
are anonymized with X and Y respectively (cf. Table 4).

Table 4. Examples of collocations with illeism

Original examples English translations

Ipurorosumuck. X Y Bxmovaet... Tummna! | Get ready. X Y turns on ... Silence!

PaccMoTpuTe, OXKaIyiicTa, CKONBKO ypoBHeir, | Consider, please, how many levels, how many
CKOJIBKO Liefielt npeparaer Bam X Y Batom | goals X Y offers you in this module. What are

mopyne. O dyeM 3T Lenmm? these goals about?

Cmotpum, pebAr, Ha npesenranui. Ceitvac | Guys, look at the presentation. Now our task
y Hac paboTa 6yfeT TaKasi: BHUMATEIbHO will be as follows: we are listening carefully
crymaem X Y. toXY.

Finally, a separate type in the list of discourse collocations is represented by
terminological units (cf. Table 5 and Table 6). In pedagogy, a terminological unit
refers to a specific term or concept used within the field of education and teaching.
Terminological units in pedagogy might include terms related to teaching methods,
educational philosophies, assessment techniques, and various aspects of the teaching and
learning process. The formation of terminological apparatus among students is a central
component of the teachers’ work. It helps standardize the language used in a particular
subject. The list of specific contexts of their usage is quite large, however, when analyzing
the selected terms and their contexts, we identified the following situational dominants:

o the selection of synonyms, related terms for analysis;

« the usage of specific examples that reveal the term;

o the usage of references to the term at the beginning and the end of a lesson.

Table 5. Examples of discourse terminological collocations that are used in Mathematics

Group Example Value

Lipetsk_Mathematics | laBaiiTe BCMOMHMM OOLIMIT IPUHIIUIT PeLlIeHNs TMHETHBIX 15.99
ypaBHeHmii!

Let's recall the general principle of solving linear equations!

Nizhny Novgorod_ | Hy Henb3si ofiHy ABajiiaTh YETBEPTYIO B AECATUYHYIO APOODH 93.80
Mathematics IIepeBeCTH, HY HUKAK HeJIb3A.

You can’t convert one twenty-fourth into a decimal fraction,

you can’t.
Nizhny Novgorod_ | MBI ceifuac BCIIOMHMM. .. 2 Ha 5K3aMeHe Y BaC eCTb CIipaBoyHble | 28.00
Mathematics MaTepuasbl, Ijie Bbl MOXKeTe B3ATb GOpMyITy /i CyMMBbI apud-

METUYeCKOI IIPOTPeccun. ..

We will recall now ... and at the exam you have reference materi-
als where you can take the formula for the sum of an arithmetic
progression ...
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Table 6. Examples of discourse terminological collocations that are used in History

Group Example Value
Lipetsk_History VTax, pebsT, Pum nosranHo 3aBoeBbIBaeT BCIo VTamuio, u BOT 42.41
PMMCKas apMIs MOAXOANT K IPedecKuM KOMoHMAM. [la, rpede-
CKMe KOTIOHMI.

So, guys, Rome is gradually conquering all of Italy, and now the
Roman army is approaching the Greek colonies. Yes, Greek
colonies.

Lipetsk_History Pe6s1Ta, HO IIOC/IE TPETHETO ITAIA Y HAC IOABIIOCH TAKOE BBI- 27.81
paxkeHHe — 9T0 MUppoBa nmobena. Ilupposa mobega! To ecth
obeza CIIMIIIKOM JOPOTOII [{EHOIA. ...

Guys, but after the third stage, we had such an expression — this
is a Pyrrhic victory. Pyrrhic victory! That is, this victory comes at
a great cost.

Nizhny Novgorod_ | Bort, KpecTHbIit X0 — 9T0... Kak 6bI BaM 9T0 00bACHUTD... ITO | 32.78
History KOT/Ia KaKoe-HUOY/b efICTBO UJIET IO TIOBOJY CBATHIX JTIOfIET,
7M60 TPA3IHNUK KaKOJ-TO CBALCHHBDII. ..

Here, the procession is ... how can I explain it to you ... This is
when some kind of action takes place on the occasion of holy
people, or some kind of sacred holiday...

For the t-score metric, any collocation with a t-score of 2.00 or higher can be
significant; i.e., the combination of the main word and its collocate is not just the result
of chance (Nekrasova, 2009). Such collocations may tend to be frequency reproducible in
both oral and written texts. However, it should be noted that this condition is sensitive
to the language and corpus type. Therefore, it is necessary to make comparisons with
the results for other metrics. The results of the second experiment show that there might
be some common collocations if we use both metrics, and these collocations can even
have the same rank in the frequency lists. For example, Table 7 shows that the first eight
collocations occur in two lists.

Table 7. Examples of common collocations used in the Kostroma_Russian_Literature group

Rank Collocation Log-likelihood value T-score value
1 mouka_sperue (point_view) 86.90 2.64
2 |uacmv_peuv (part_speech) 70.61 2.63
3 | pumckuii_vyuppa (roman_numeral) 66.32 2.44
4 | yuppa_mpu (number_three) 58.61 2.44
5 besnuunviti_enazon (impersonal_verb) 54.74 2.18
6 | 6opuc_sacunves (boris_vasilyev) 54.74 2.00
7 | 0saduamuv_socvmoii (twenty_eighth) 52.81 2.00

The common collocations in one way or another correlate with the discourse groups
we described previously, since both common discourse markers (mouxa_sperue (point_
view)) and terms (uacmo_peus (part_speech), 6esnuunuiii_enazon (impersonal_verb)) were
detected in the t-score experiment.

34 Creative Commons by the Authors is licenced under CC-BY
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Discussion

The obtained results are in line with the previous studies aimed at finding out
some typical features of pedagogical discourse (Lee, 2020; Husna et al., 2022; Sharpe,
2008). At the same time, although we focused on the markers that are common for all
teachers, we assume that any discourse should also include some individual features of
each speaker. Thus, our approach to pedagogical discourse analysis can be described as
both socio- and psycholinguistic. How to move from the linguistic analysis to a broader
pedagogical analysis of teaching practices is a separate debatable issue.

While we provide an automatic approach of detecting teachers’ markers that
undeniably improve standard procedures of discourse analysis, it comes with certain
limitations that cannot be ignored. Firstly, statistical methods of natural language
processing leave aside possible polysemy of pedagogical markers, since their automatic
frequency analysis is often carried out without taking contexts into account. For instance,
the markers with the addressee function we have considered in Table 3 can be used by
teachers as an attribute group. To improve the search for markers, one can add some
filters (punctuation marks framing a possible marker, its position in a sentence, etc.). The
usage of such a system of formal marker filters would make it possible to present a more
complete classification of pedagogical markers, as, for example, it was done by Popescu-
Belis & Zuffereyb (2011).

Secondly, the corpus texts are currently provided only with an orthographic
representation of teachers’ speech, and this representation raises at least two problems.
The first one is that an orthographic representation without phonetic and intonation text
annotations does not allow separating markers from each other, which will change their
target functions depending on intonation structures. The second problem is related to the
fact that the orthographic annotation does not provide information on how the discourse
markers were pronounced by a certain speaker. Thus, voice assistants designed for
teachers, if provided with the lists of discourse markers only in orthography, will probably
lack some useful data for the assessment how close the speech of a certain teacher is to the
speech patterns of effective teachers.

Conclusion

The article describes how computational linguistics can be used to identify the markers
that characterize pedagogical discourse. We have presented a method that can be used to
find out typical word collocations that teachers use in their lessons. These are not just
words that are often found nearby, but rather linguistically connected word combinations
that serve to solve certain communicative aims. Linguistic analysis of speech using
automatic text processing methods makes it possible to analyze not only certain words,
but also their grammatical parameters, which in turn can provide information about what
grammatical means teachers use to solve the pedagogical issues.

The most interesting results we obtained from the considered material include the
clear dominance of the collocation o6pamumo_snumanue (pay_attention) used to attract
the attention of students during the lesson, as well as data on those terms that are most
often found in the speech of teachers teaching different subjects.

We believe that the method for analyzing teacher practices can be used for a
comprehensive interdisciplinary study of pedagogical discourse. For instance, we can
conduct an experimental study on the perception of teachers” speech by students to test
the assumptions made during the interpretation of the results.

Below we provide specific examples of using the described algorithm and its practical
application.
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1) Educational studies: identifying characteristics of effective teachers’ speech that
distinguish it from the speech of their less effective colleagues:

o testing the hypothesis that more effective teachers use the collocation o6pamums_
eéHumanue (pay_attention) more frequently to capture students’ attention compared to
less effective ones;

o investigating the specific usage of imperative forms in teachers” speech. As noted
in (Sergomanov et al. 2023), such forms can be considered markers of control. Therefore,
it is crucial to determine how often, in what function, and concerning whom (individual
students, several students, the whole class) more and less effective teachers employ
imperatives;

« comparing the terminology introduced by different teachers in the same subject,
as well as checking whether the sets of typical terms match the content of textbooks and
scientific manuals on the subject. Additionally, we can assess whether frequent mention
of a term in class enhances student understanding, although this may require the
development of new tests or experimental procedures.

2) Automatic teacher assistant: If we have access to quantitative data on the speech
of more effective teachers, we can use them as benchmarks for other teachers seeking
to align their speech with successful teaching practices. This could involve an automatic
teacher assistant that analyzes a specific teacher’s speech and compares it to established
standards.

3) Based on the analysis described above, it is possible to develop recommendations
for enhancing teacher speech, both in a general context (e.g., for teachers in a specific
subject) and on a personalized level. This would complement the recommendations
currently available in educational literature, which primarily rely on general concepts,
authors’ introspection, and fragmentary observations (Klimova & Kaurova, 2018; Zuyeva,
2009).
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