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Abstract: Data obtained by means of keystroke logging software, which records all
writing events, i.e., all keypresses with their time stamps, are widely used in different
research fields and practical applications — from early detection of cognitive
impairments to user authentication. Keystroke logging software have become
especially popular in writing studies since it allows researchers to observe writing
processes unobtrusively and increases their understanding of what happens “behind
the scenes” of text production. This methodology has been used in writing studies
since the advent of affordable computers in the 1990s, however, there has still been no
bibliometric review that would provide a holistic picture of this field and identify hot
topics and trends, perform citation analysis and identify the most productive authors
and countries in the field of writing research using keystroke data. This paper is
pioneer research to conducting a bibliometric analysis on the field “keystroke analysis
to study writing” aimed at filling in the gap. A search was conducted in the
bibliographic database Scopus on July 11, 2024. We included studies published in
English post-2000 that discuss the use of keystroke data and methodology to study
writing process. This review followed the guidelines of the PRISMA protocol to
perform the study search and selection. The search yielded 336 documents of which
273 met out inclusion criteria. The records retrieved were analysed using the
bibliometrix R-package and VOSviewer software. Using these tools in combinations,
we implemented both performance analysis which examines the contributions of
research constituents to a given field and science mapping which is aimed at revealing
the relationships between research constituents. The contribution of this study is
twofold. Firstly, it provides an in-depth bibliometric analysis of an actively developing
field of research which is rather limited in terms osf the countries and institutions
involved (and the languages of the texts analysed), hopefully saving time and effort for

HAYYHBIHW PE3YJIBTAT. BOITPOCHI TEOPETUYECKOH Y ITPUK/IAZJHOW JIMHTBUCTUKH
RESEARCH RESULT. THEORETICAL AND APPLIED LINGUISTICS


https://orcid.org/0000-0001-6088-2656
https://orcid.org/0000-0002-6019-3700
mailto:dekhnich@bsu.edu.ru
mailto:centr_rus_yaz@mail.ru

Aexnuy 0. B., /lumeuHosa T. A. AHanu3 k1a8uamypHo20 no4epka 8 Ucc.1e008aHUSIX NUCbMA... 92
Dekhnich O. V, Litvinova T. A. A keystroke analysis to study writing: a bibliometric review using...

researchers new to the field. Secondly, we provide an example of using bibliometrix
and VOSviewer for a bibliometric analysis which could be easily replicated in further
research.
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A KEYSTROKE ANALYSIS TO STUDY WRITING:
A BIBLIOMETRIC REVIEW USING R AND VOSVIEWER
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Nudopmanus 00 ucrounnkax puHancupoBanusi uim rpanrax: T.A. JlutBuHoBa
Onarogaput 3a (UHAHCOBYIO MOMIEPKKY MuHUCTEpCTBO mpocBenieHus Poccuiickoit
Oenepanu  (paboTa BBHIMONHEHA NpU  (UHAHCOBOM MOMIEp)KKe MUHHCTEpCTBA
npocsenieHuss Poccuiickoit @enepanum B paMKax BBIIOJIHEHMS T'OCYIapCTBEHHOI'O
3aganus B cepe Hayku, HoMep Tembl QRPK-2024-0011). O.B. lexanu He moiryydana
(MHAHCOBOM MOJIEPKKU 32 BBIIOJIHEHUE MCCIEOBAaHUM, HAITUCAHUE U ITyOJIMKAIHIO
CTaTbH.

AHHoOTauus: /[aHHbIE KJIAaBHATYPHOTO MOYEPKa, TO €CTh [UIUTEIBHOCTDh M KOJIMYECTBO
H@XKaTUH KJIABUII, KOTOpBIE PETUCTPUPYIOTCS C MCIOJIb30BAHUEM IPOrpaMM-
KEHIJIOTTepOB, IUPOKO HCIOIB3YIOTCA B Pa3IMYHBIX OOJIACTSX 3HAHWK, B TOM YHUCIIE
JUId pelIeHUs MPUKIAJAHBIX 3aJad — OT paHHEW JMarHOCTUKU KOTHUTHBHBIX
HaApYyIIEHUHA 10 WACHTH(PHUKALNN MOJIb30BaTelsl. Takke akaJeMUIeCKHe KeHIorrepsl 1
U3BJIEKa€Mble C HX I[IOMOILIBIO JaHHbIE AaKTHMBHO HCHOJB3YIOTCS B  TaKo
MEKIUCIMIUIMHAPHONW 00NacTH, Kak uccienoBaHus nmcbMma (Writing research),
HOCKOJIBKY HO3BOJISIIOT HAOJIOATh 3a MPOLECCOM CO3/1aHUs TEKCTa, HE BMELIMBAsCh B
Hero. [lomoOHbIe WMcclenoBaHUsl BEAYTCS HauWHAS C TOSBICHHEM OOIIETOCTYITHBIX
MEPCOHAJIBHBIX ~ KOMIIBIOTEPOB, TO €cTh C KoHua 1990-x romoB, onHaKo
OMOIMOMETPUYECKI aHAM3 TakuX paboT, TO €CTh aHaiMW3, HalpaBJICHHBIH Ha
BBISIBJICHHE OOLIEeH KapTUHBI pacCMaTpUBAEMOTI0 MPEIMETHOTIO 10JIsA, ONIpeIe/IeHUE €ro
KOHIENTYallbHOH CTPYKTYpHI, HambOoJiee aKTUBHO HCCIEIyeMBbIX TeM, Hauboiee
LIUTUPYEMBIX PaOOT M aBTOPOB, /10 HACTOSILEr0 BPEMEHH OTCYTCTBOBaJ. JlaHHas
CTaThsl TPEACTABISICT COOOM MEPBBIA ONBIT OMOIMOMETPHYECKOTO aHAJIM3a HAYYHBIX
paloT, HampaBJIEHHBIX HA aHAJIU3 IMpollecca CO3/aHUS TEKCTa C HCIOJIb30BaHHEM
JAHHBIX KeiorrepoB. Mbl aHaIM3UpOBaIK pabOTh, MHACKCHpYEeMble B 0a3e JaHHBIX
Scopus u omybnukoBanuble B mepuoa ¢ 2001 mo 2024 rox (273 pabGoTbl ObLIO
oToOpaHO ¢ wucrnosb3oBaHueM mnporokoida PRISMA). B kaduecTBe MHCTpyMEHTOB
UCCIIeIOBaHNUs HamMM ObUIM BbIOpaHbl OmbOnMoTeka Ha s3bike R bibliometrix u
nporpaMmma VOSviewer. C HCIONBb30BaHUEM JIaHHBIX WHCTPYMEHTOB HamH ObUIN
orpeJiesieHbl Haubosiee MPOJYKTUBHBIE U LIUTUPYEMBIE HCCIE0BATENN, HHCTUTYTHl U
CTpaHBl, a TakkKe HamOojee 3HaYMMble pabOTH. Ha OCHOBE pa3sMUYHBIX METONOB
aHallu3a COBMECTHOM BCTPEUAEMOCTH KIIOYEBBIX CJIOB, PEAJM30BaHHBIX B JAHHBIX
WHCTPYMEHTaxX, HaMH ObUIa TOCTpPOEHAa KOHIENTyallbHas CTPYKTypa MpeaMETHOTO
HOJIs, a TaKKe OIpeJesIeHbl MCCIEeNOBAaTeIbCKUE TPEHAbl. 3HAYMMOCTh HACTOAIIEH
pabotel onpexnensiercs AByMs (akropamu. Bo-miepBBIX, OHa CONEPKUT PE3YIBTATHI
nepBoro OMOIMOMETPUUYECKOTO aHAJM3a BAaXXHOM UM AKTHUBHO pa3BUBAIOIIEHCS
NpeAMETHOW OOJIaCTH, OTPaHMYEHHOW, OIHAKO, C TOYKH 3pEHHS Teorpaduueckoit
NPUHAAISKHOCTH BEAYLIMX HCCleqoBaTeNeil M s3BIKOB, HAa Marepuane KOTOpPbIX
NPOBOAATCS Takue wuccienoBaHus. [logoOHBIN aHammM3, Kak TpeACTaBIseTcs,
MO3BOJIUTh O3HAKOMHMTH C COCTOSIHMEM paOoT B JAaHHOM 00JacTH TeX YYEHBIX, JJIs
KOTOPBIX OHAa SBIIIETCS HOBOW. BO-BTOpHIX, JaHHOE HCCIICOBAaHHE TIPEICTABISCT
co0o# mpuMep KOMOMHAIIMYA METOIOB aBTOMAaTHUECKOTO aHaJIN3 HAyYHOW JTUTEPaTypHl,
KOTOpast MOXKET OBITh MPUMEHEHA JUIs aHAJIM3a UHBIX MPeAMETHBIX 00nacTeil.
KiroueBbie  cioBa: Hccnenoannst  nuceMa;  KnaBuarypHbIM — TOYEpK;
bubnuomerpuueckuii ananu3; bubnmoreka bibliometrix Ha s3pike R; VOSviewer;
Anamm3  1mrtupoBaHmii;  KoHmenrtyanpHas — CTpyKTypa  HMPEIMETHOTO  TTOJIS,
Temarnueckoe pazsutue npeaMerHoro noiust; PRISMA; Scopus; KiiroueBoe cioso.
Uupopmanusa aass nurupoBanms: Jlexunu O. B., JlutBunoBa T.A. Ananmms
KJIABHATypHOTO MOYEepKa B MCCIEJOBAHUAX IMUChbMA: OMOIMOMETpHYECKU 0030p ¢
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AHANKN3 KNABUATYPHOIO NOYEPKA B UCCINEOOBAHUAX NMUCBMA:
BUBITMOMETPUYECKKN OB30P C UCMNOJIb3OBAHUEM
WHCTPYMEHTOB R U VOSVIEWER

Mpo6nema

MosBneHune Kelnorrepos, To eCTb
Nporpamm, NO3BONAIOLLMX CNeAUTb 3a
NPOLECCOM NMUCbMa, HE MeLLan emy,
CyLiecTBeHHO 060raTu10 UccneaoBaHNs
nucbma (writing research) —
MeXaMCUMNAnHapHyto obnacTb co cBoei
meTtogonoruei

=

OTCYTCTBYIOT CUCTEMATUYECKME W
6ubnnometpuyeckne 0630pbl TakMX

npotokon PRISMA

MEPBbIA BUB/IMOMETPUYECKUMA AHANIU3
NPEAMETHOrO nNons

=N

PeweHune
Basa aaHHbIx Scopus, nouck (keystroke + writing) no
Ha3BaHMIO + aHHOTALMM + KAto4EeBbIM cioBam (2001-2024)

273 aHHOTaumu cTaTeit + metagaHHble

Bubnuoteka Ha R bibliometrix + VOSviewer

¥

BblaeneHbl Hanbonee NPOAYKTUBHbBIE U Camble

06n1acTb aKTUBHO Pa3BUBAETCA: M

v HauuHas c 2019 roaa - pe3kuit pocT uncna
cTaTen ULMTUPOBAHMI

v’ BCero HeCKONbKO CTPaH — IMAEPOB Mo
Yucay cTatei U UMTUPOBaHUiA, benbrua —
nvpep no uutuposanuam, CLUA — no uncny
crateit

v Cpepau aBTopos — coTpyaHuKu EFL (TOEFL
W Ap. NPOAYKTHI)

v H # npoueHT Konnabopayy

v Mano A3bIKOB, Ha MaTepuane KoTopbIX
NpOBOAATCA UCCNEA0BAHMA

BOJIbLUE UCCNEOBAHWIA + CTPAH +
A3bIKOB ANA AANBHEMLLETO PA3BUTUA
OB/IACTU

nccneaoBaHuii LUTUPYEMble CTPaHbl/UHCTUTYTbI/aBTOPbI writing analyticstyping eye-trackin
v TpoaHan13mnposaHbl Hanbonee penesaHTHbIe inputiogcognitive Ill'lll:ﬂSSBSmmk';"
4 v UCTOYHMKM flg?l“slll:lug Wwriting processes;: s
ETEBOM HAYUHBIA XYPHAT o « /] v ToctpoeHa ceTb Konnabopauuii fluency W/ ['11 [0Cessasss
) v d = aes

I IA‘E 7K II IbII/I \ \/ Onpe/eneHa KOHUENTyanbHas CTPYKTypa obnactn kevstrnke Iogglng
C g v’ BbifiBI€HbI OCHOBHbBIE U KHULLEBbIE» TEMbI mmunsna“seswr“in keystroke
P E 3YJ__[ bT AT v’ YcTaHOB/IEHbI TPEHABI B PA3BUTUM NPEAMETHOTO NONA eye tracking ... i i .gmmnn n“".“.“."":"i
T /4 R natural Ianguage processing=srs
BRABARCGHRRSIRS ussesgysirokesaphasia - assesSMNT 2 writing

1. Introduction

Typing has been the most comfortable
and typical way to produce texts for many
people, that is why studying typed texts and
the process of their creation has become one
of the important research directions in modern
linguistics. The development of technical
devices such as keystroke loggers, which
timestamp each event (i.e. keystroke) during
writing, has provided researchers with
previously unavailable data reflecting
different aspects of writing processes.

The use of keystroke logging data is
typical not only to study writing process in
linguistics but also for many practical
applications, especially for user authentication
and identification. The search for the keyword
"keystroke" in the Scopus database, carried
out in July 2024, yields more than 1700
papers — search by title, keyword and abstract
— more than 4000 papers published in journals
and proceedings from various subject areas —
from computer science (2755 papers) to arts
and humanities (365) and medicine (306).

There are several review papers which
analyze different aspects of keystroke
behavior: as a tool for cognitive impairments
detection (Lee and Park, 2024), a digital
biomarker for understanding neurocognitive
functioning (Nguyen et al., 2023), motor
decline (Alfalahi et al., 2022), as a tool for
emotion recognition (Maalej and Kallel, 2020;
Yang and Qin, 2021), user authentication
(Quraishi and Bedi, 2018; Raul et al., 2020).

However, despite the rise of the number
of papers which use keystroke data to study
writing, to the best of our knowledge, there
are no systematic or bibliometric reviews of
these papers which would consider this
actively developing research area from a
holistic perspective with identification of the
main topics and research trends.

The aim of this paper is to map the
literature devoted to the study of writing using
keystroke data through a bibliometric
approach in order to reveal knowledge
structures, priority topics and trends in this
area of research.
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We performed a bibliometric analysis of
the papers considering the keystroke logging
method for study writing searched in Scopus
using the R package bibliometrix (Aria and
Cuccurullo, 2017) and the standalone
application VOSviewer (Van Eck and
Waltman, 2014). This bibliometric analysis of
273 articles published over the last 24 years
(2001-2024) is the first one to present
comprehensive and statistical insight into the
research status and trends on the use of the
keystroke methodology to study writing.

The study’s findings may offer broad
perspectives on the current state of this
research area and provide some guidance for
future research.

Therefore, this study was driven by the
following research questions.

1. What was the annual research trend
in the considered subject field?

2. Which journals, countries,
institutions and authors were the major
research contributors?

3. What were the main research topics
of the topical collection?

Table 1. Eligibility criteria
Tadmmua 1. Kputepuu or6opa

4. What are the trends in this research
area?

2. Research methods

2.1. Transparency Statement

To address our research questions, we
undertook a bibliometric review to map out
the existing literature on our selected topic —
using keystroke data and software to study the
writing process. We adhered to the PRISMA
protocol for conducting this review. A
protocol was outlined before commencing the
study. We ensure that this manuscript presents
a truthful, precise, and complete report of the
research conducted.

2.2. Eligibility Criteria

This bibliometric review was executed
through a structured process that included:
1) formulating  the research  question;
2) identifying relevant literature; 3) selecting
appropriate studies for inclusion; 4) extracting
key data from these studies and data cleaning;
5) summarising and presenting the findings.

The selection criteria for the literature
were divided into several categories for
framing research questions in bibliometric
reviews (detailed in Table 1).

Criterion Inclusion Exclusion Justification
Population All the studies which | All the studies outside | As the research topic
use keystroke data | the defined field we analyze is
and software to study multidisciplinary, we
the writing process include papers from
different subject areas
related to the topic of
writing and its
analysis using
keystroke
data/software
Concept Studies (journal | Studies which do not | The purpose of the
articles, book | consider the concept | review is to analyze
chapters, conference | of the writing process | literature which is
proceedings)  which related to the
discuss different keystroke
aspects of the writing data/software for the
process based on writing process
keystroke data understanding
Context Studies that relate to | Studies outside | Focus of this review is
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writing research

writing research

on the use of the
keystroke
data/method to study
writing

Language English Non-English English is a lingua
Franca of scientific
communication

Time period 2001-2024 Before 2001 Keystroke logging

software has become
widely used in writing
studies after the

appearance of
available personal
computers

1. Journal articles
2. Book chapters
3. Conference papers

Types of sources

1. Non peer-reviewed
sources

2. Reviews (all types)
3. Editorials

Only peer-reviewed
sources and original
research papers were
included in  our
analysis

Geographical location | Any location

None

international

Getting
perspective

We included all study designs from any
discipline found in our search, reported in
English. Special attention was given to the
quality of the sources included in review: we
considered only original research and peer-
reviewed papers.

2.3. Information Sources and Search
Strategy

Scopus, which is considered the largest
citation and abstract database covering a wide
range of subjects was chosen as the data
source for this study. Its particular suitability
for bibliometric analysis (consistently reliable
format, and ease of data extraction) has been
highlighted by many researchers (see ref. in
Rejeb et al., 2023). It is also more
comprehensive than, for example, PubMed or
Web of Science (WoS) and more precise than
Google Scholar because of its superior control
over content, that is why it is widely used for
bibliometric analysis (see ref. in Rejeb et al.,
2023).

Access to Scopus was performed using
the personal account of one of the authors
who was granted access to Scopus as part of
the reviewer recognition process.

Figure 1 illustrates our compliance with
the PRISMA protocol.

The following search string was used in
the article’s title, abstract and keywords fields
to extract data from Scopus: ‘“keystroke*”
AND “writing”.

According to the information of Scopus,
the first article which meets the search criteria
was published in 1974. However, a wide use
of the keystroke methodology for writing
research started after the development of
freely available keystroke loggers, i.e., after
1990s (Wengelin and Johansson, 2023). In
addition, only since the early 2000s, the
academic landscape has been reshaped by a
global trend toward requiring publications in
prestigious journals indexed in international
citation databases, therefore, we decided to
refine our search by excluding papers
published before 2001.

The data collection process for this
study started on July 11, 2024; thus, we set
the scope of this research is from 2001 to
2024.

From this search, 336 studies were
retrieved (as shown in Figure 1).
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Figure 1. PRISMA flow diagram

Pucynok 1. Jluarpamma orbopa pabot i aHanu3a mo npotokosry PRISMA

2.4. Selection of Sources of Evidence

For further analysis, all available
bibliographic information for 336 retrieved
records were extracted from Scopus and
exported in CSV format. Through the initial
screening of titles and abstracts, performed by
two reviewers, 48 studies were excluded
based on the predefined inclusion criteria: we
excluded papers published before 2001
(N=23), written in languages other than
English (N=11), and of any other types
besides “article”, “conference paper”, “book
chapter”.

Then we removed duplicates detected
by bibliometrix (N=5). Next, remaining titles

Records excluded (N=48)

Year (2001-2024) (N=23)

Document: article, conference paper,
book chapter (N=19)

Language (English) (N = 11)

Records excluded:
Duplicates removed by R tool (n = 5)
Papers related to user identification
as shown by manual screening (n =
10)

‘S
£
g
'5 Records identified via Scopus
&= database search on 11 July
'dé; 2024 (N=336)
=
- 3
No records following removal of
duplicates, since only Scopus
was used.
Y
Records screened
E’ (n = 336)
=
: '
Reports assessed for eligibility
(n = 288) »
—
\d
3 . o
o Studies included in review
3 (n =273)
A=
S’

and abstracts of the publications were
manually evaluated for relevance in terms of
context and concept compliance. After this
screening, 10 records were removed since
they did not contribute to the field of writing
studies, i.e., their findings were not related to
the writing process understanding (we noticed
that they are related to user authentication).

Thus, 273 papers were selected for the
final analysis (see Figure 1).

Data Charting Process

Data extraction was conducted by two
independent reviewers, with each being
assigned all the selected documents for initial
analysis. The complete data set extracted by
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one reviewer was then cross-checked by the
other to ensure accuracy and consistency. Any
differences between reviewers were addressed
and resolved through consensus meetings.

Data analysis and visualisation

The metadata of the articles included in
the review were processed using VOSviewer,
a software tool designed for constructing and
visualising bibliometric networks and the
bibliometrix R-package.

Bibliometric analysis involves two main
approaches: performance analysis and science
mapping. The goal of performance analysis is
assessing the contributions of research
constituents to a given field (it relies upon
such metrics as total number of publications,
citations, etc.), while science mapping
examines the relationships between research
constituents via such methods as co-citation
analysis, bibliographic coupling, co-word
analysis (Donthu et al., 2021).

Bibliometrix is far less popular than
VOSviewer, however, it provides a wide
range of  statistical techniques and
visualizations useful for determining and
visualizing the conceptual structure of the
field. Bibliometrix enables users to conduct

Figure 2. Annual scientific production

both performance analysis and science
mapping, whereas users are only able to
perform science mapping in VOSviewer.
However, we combined VOSviewer with
bibliometrix to get a deeper understanding of
the research area under consideration, since
they provide different types of analysis and
visualizations for science mapping. Many
researchers have used them simultaneously
(Saini et al., 2022; Wang and Gu, 2022).

3. Resultsand Discussion

3.1. Performance analysis

3.1.1. General performance
characteristics of the research area

Our dataset consists of 273 papers
written by 520 authors and published in 152
sources. The annual growth rate is 15.22 %,
i.e., the research in the analyzed field has
attracted continuous attention of scholars.
Figure 2 shows a strong increase in the
number of papers from 2019 onwards (from a
maximum of 15 to 26 in 2019, and at least 26
after 2019), which is an important index
indicating a development trend of a research
topic in a specific period of time (Farrukh et
al., 2023).

Pucynok 2. Pacnipenenenue yncna myOIuKaui mo rogam
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It is noteworthy that by mid-2024, 26
papers published in 2024 were already
recorded in Scopus, so we can expect a
further increase in the number of papers this
year.

Most of the works in our collection (64
%) are articles, conference papers constitute
about 24 %, the rest of the papers are book
chapters.

The average citations per doc is 14.7,
the average citations per year per doc is 1.906,
the overall number of citations of works in
our collection is 4110.

Figures 3-4 show that the burst of

Figure 3. Average article citations per year

average citation count per article per year falls
on the papers published in 2013 (they were
cited around 6 times). This year, the most
cited paper in our collection has been
published — Keystroke Logging in Writing
Research: Using Inputlog to Analyze and
Visualize Writing Processes (Leijten and
Van Waes, 2013) (319 citations) which
presents the results of analysis of the writing
process with one of the most popular
keyloggers designed specially for writing
research — Inputlog with other observational
techniques: thinking aloud protocols and eye-
tracking data.

Pucynok 3. YcpeqHeHHOE YHCIIO IUTHPOBAHUH CcTaTei, M3aHHBIX B JAHHOM TO/Y (Ha CTaThIO)

The mean total article citations per year
at the highest level again can be seen for the
papers published in 2013 (N= 63), which
indicates that the articles published in 2013
were cited the maximum number of times
although the number of articles in 2013 was
rather low (N=9). As we mentioned earlier, in
2013 the most cited paper of the collection
was published. Along with it, in the top-10
most cited papers of the collection (Figure 5)
there are two papers published during this
year with the total of 159 citations. These
papers are related to the constructing of
documents using multiple digital sources
(Leijten et al., 2013b) and detecting boredom
and engagement during writing (Bixler and
D’Mello, 2013).

The other peaks in the average total

citations per year fall on 2006 and 2010 when
the other papers from the top-10 most cited
were published: the 2006 paper Revising in
two languagess A  multi-dimensional
comparison of online writing revisions in L1
and FL (Stevenson et al., 2006) with 106
citations, 2006 paper Examining Pauses in
Writing: Theory, Methods and Empirical Data
(Wengelin, 2006) with 91 citations and a 2010
paper Cognitive illusions of authorship reveal
hierarchical error detection in skilled typists
with 109 citations (Logan and Crump, 2010)
(2™ most cited paper in the collection). It is
also should be noted that the papers published
in the last years have also been actively cited.
The documents in our collection have been
increasingly cited since 2019 (see Figure 6).
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Figure 4. Average total article citations per year
Pucynok 4. VYcpenneHHoe oOiiee 4YHCIO IUTHPOBAaHUI cTared, W3JAaHHBIX B JIAHHOM TOAY
(o rogam)

Figure 5. Most cited papers of the collection
Pucynok 5. HauGonee nuutupyemsie paboThl

Figure 6. Number of papers and total number of citations by year
PucyHnok 6. Uncno crareid ¥ IUTHPOBAHUIN 110 TOAAM Ty OTHKAIIH
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Overall, we see a general trend of
increasing numbers of papers from 2019
onwards, and the papers in our collection
have been actively cited since this year. We
can safely conclude that the use of keystroke
analysis in the study of writing is an area of
research which is in a state of active
development.

3.12. Most productive countries,
institutions and authors Figure 7 shows the
most productive countries in terms of the
number of corresponding authors affiliated
with these countries (this visualisation is
constructed using the bibliometrix package).

Figure 7. Most productive countries (according to the corresponding author)
PucyHnok 7. Ctpanbl ¢ HAaHOOJBIINM YUCIIOM CTaTeH (110 KOPPECIIOHAUPYIOMIEMY aBTOPY)

Country Scientific Production

g 1

-

The USA is the leading country in
terms of total number of papers (38 papers)
and percentage of single-country publications
(about 80%). Sweden is the second most
productive country with 23 papers, 75% of
which are single-country  publications.
Belgium is the third most productive country
with 19 papers (12 of which are single-
country). Authors from the Netherlands
published 14 papers, but most of them (12)

are multi-country publications. Researchers
from China and the b published 13 papers, of
which 9 and 7 were single-country papers
respectively. The number of papers related to
other countries is rather low (Canada — 5,
France — 5, Spain — 4, Switzerland — 4,
Thailand — 4, others — 3 or less).

Figure 8 shows the network of the
country collaboration.
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Figure 8. Country collaboration in the research area under consideration
Pucynok 8. CeTp cTpaH, MMEHIOLIMX KOJUIA0OpAlMU Ipyr ¢ APYroM B paMKax 0003peBaeMoro

MpECaAMETHOTO I1OJIA

The network consists of the nodes
representing a country, and the connection
between the nodes represents a cooperative
relationship between the countries, and the
size of the nodes represents the numbers of
cooperation with other countries. The larger
the node 1s, the more international the
cooperation the country participates in is. We
can see that the USA has the largest diversity
in terms of cooperation with other countries.
Belgium, the Netherlands, the UK and
Sweden are the countries with a moderate
level of diversity of international cooperation.

Figure 9 shows the most productive
institutions, with University of Antwerp
(Belgium) being the leader. The second most
productive organization is the Educational

Testing Service (ETS), which is the world’s
largest private educational testing and
assessment organization which developed
TOEFL and other products with its
headquarters in the US. The third most
productive organization is Lund University
(Sweden).

The analysis of the dynamics of
affiliation production shows (not shown due
to lack of space) that the University of
Antwerp has the most pronounced trend in
increasing the number of papers starting from
2009, with a sharp increase in 2021. A
continuously high number of papers is
affiliated to Lund University from 2010
onwards.
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Figure 9. Most productive institutions (according to the corresponding author)
Pucynok 9. Opraau3zanuu ¢ HauOOJBIITUM YUCJIOM CTaTeH (110 KOPPECHOHAUPYIONMIEMY aBTOPY)

If we look at the country production countries. In the US, this increase occurred
over time (see Figure 10), we can easily earlier (from 2015) than in the other countries
observe a general trend of an increase in the (since 2019) and is a sharper one.

number of papers for all the most productive

Figure 10. Country production over time
Pucynok 10. Pacnipenenenue uucna crareii mo crpasam (1o rojam)
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Although the USA is the most
productive country, it ranks 2™ in terms of the
number of citations (580), with Belgium

Figure 11. Most cited countries

being the leader with 666 citations. The
Netherlands is the third one in this rank
(Figure 11).

Pucynok 11. Ctpanbl ¢ HAaMOOJIBIIIUM YHCIIOM IUTUPOBAHUH

There are 522 different authors in our
collection, with 36 authors of single-authored
document and 866 author appearances. There
are 44 single-authored papers, on average,
there are 3.16 co-authors per document.

The most productive author, who
published 27 papers, is Luuk Van Waes from
the University of Antwerp, Belgium. The
second most productive author, Mariélle
Lejten, is affiliated with the same university.
Asa Wengelin, the third productive author, is
affiliated with the University of Gothenburg
(Sweden). Mo Zhang, the author of 17 papers,
is affiliated with the Educational Testing
Service (USA), just like Paul Deane, her

co-author. Luuk Van Waes and Mariélle Leijten
also have the highest h-index among the most
productive authors (14), Paul Deane and Asa
Wengelin have h-index=10, Mo Zhang — 9.
We can see that the productivity correlates
with h-metrics in our collection.

3.1.3. The analyss of the most
relevant sources

Figure 12 shows the distribution of
sources by subject area. We can see that social
sciences, arts and humanities,
computer science and psychology are
the leading subject areas of articles and
proceedings in which papers from our
collections have been published.

HAYYHBIHW PE3YJIBTAT. BOITPOCHI TEOPETUYECKOH Y ITPUK/IAZJHOW JIMHTBUCTUKH
RESEARCH RESULT. THEORETICAL AND APPLIED LINGUISTICS



HayuHblli pesyabmam. Bonpocbl meopemuyeckotl u npukaadHoti auneeucmuku. T. 10, Ne3. 2024 105
Research result. Theoretical and Applied Linguistics, 10 (3). 2024

Figure 12. Paper distribution over a subject area

Pucynok 12. Pactipenenenue myOmuKarmii o IpeAMETHBIM TTOJISIM

Other (2.8%) \

Decision Scienc... (1.2%)

Medicine (1.3%)

Neuroscience (1.8%)
Mathematics (2.5%)
Engineering (2.7%)
Health Professi... (5.0%)
Psychology (12.1%)

#

Computer Scienc... (14.0%)

The most relevant sources in terms of
the number of published papers from our
collection is Reading and Writing (17 papers),
Studies in Writing (17 papers), Journal of
Writing Research (13), Written
Communication (8), Frontiers in Psychology
(7), Lecture Notes in Computer Science (7),
Computers and Composition (6), ETS
Research Report Series (5), Journal of Second
Language Writing (5), Languages (5).

All these journals are highly reputable.
The journals with the highest impact

" Social Sciences... (33.4%)

Arts and Humani... (23.1%)

(h-index) are Studies in Writing (11),
Journal of Writing Research (8), Reading
and Writing (6).

Looking at the production of sources
over time (Figure 13), we could see that
Studies in Writing has been continuously
publishing papers on the study of writing
using keystroke since 2007, while the other
most productive sources show a general trend
of an increasing number of such papers after
2019.
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Figure 13. Source production over time (over the years)
Pucynok 13. Pacnpenenenue crareii mo uctoyHukam (1o rojaam)

3.2. Science mapping

3.2.1. Keyword co-occurrence analysis

Keyword analysis is important in a
bibliometric review as it could provide many
insights about the conceptual structure of the
field. Keywords are divided into authors’
keywords and those which are assigned
automatically (they are called “keyword plus”
in Scopus). There are 801 “keyword plus” in
our dataset (the most frequent ones are
WRITING - 53 papers, HUMAN - 28,
MALE - 26, FEMALE - 25, WRITING
PROCESS - 19, STUDENTS - 18), 750
author’s keywords (the top 100 most frequent

ones are presented in the form of a word
cloud in Figure 33). As a rule, authors’
keywords are more specific, so they will be
used in the further analysis.

Figure 14 gives us a snapshot of the
content of our collection (the bigger the size
of the circles is, the more frequent the
keyword is), with KEYSTROKE LOGGING,

WRITING PROCESS, WRITING,
COGNITIVE PROCESSES, REVISION,
PAUSES, NATURAL LANGUAGE

PROCESSING are the most relevant author’s
keywords.
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Figure 14. Word cloud of 100 most frequent author’s keywords of the collection
Pucynok 14. O6nako cioB, oTpaxkaromiee BcTpedaeMocTh 100 camMbIX 4aCTOTHBIX KJTFOUYEBBIX CJIOB

aBTOpa B KOJJICKIIUU
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Co-word analysis, which reveals words
that frequently co-occur in documents, can be
used to reveal important themes (both
established and emerging) within the focal
domain. Using VOSviewer, we analyzed co-
occurrences of authors’ keywords and
visualized them in the form of a network
(Figure 15) (we only included words that
appeared at least 10 times in our dataset).
Keywords with similar colors belong to the
same cluster. The size of each circle in the
cluster shows the proportion of citations for
that authors’ keywords. Larger circles and
map labels indicate a greater significance and
relevance of the keywords.

We used association strength as a
method of normalization and set a minimal
cluster size to 10.

Cluster 1 (red) is the largest one in
terms of the number of terms (24). It is related
to the automated text assessment including
second language writing using keystroke logs
and various modern approaches such as
scenario-based assessment (SBA), which have
recently been used to assess writing skills.

Cluster 2 (green, 22 terms) is related to
the analysis of typed texts produced by people
with mild to severe (Alzheimer, dementia)
cognitive problems based on keystroke
analysis, especially revision process analysis,

sentence history analysis, assessment of
motor and typing skills using techniques for
automated scoring for writing quality based
on the deep learning method and Al in
general. Methods of mixture models have
widely been used in such papers to distinguish
between the healthy and the ill respondents in
terms of pauses duration.

Cluster 3 (dark blue, 21 items) is
related to the study of academic writing,
including writing in a second language and
using an analysis of revision via keystroke
logs in combination with eye-tracking. The
problems of writing tasks complexity and
writing performance are discussed in such
papers.

Cluster 4 (greenish yellow, 21 items) is
associated with the study of such aspects of
writing as pause behavior, revision behavior
in people with reading and writing difficulties
(including those suffering from aphasia).

Cluster 5 (purple, 16 items) is related to
the study of cognitive load and cognitive
process in L2 writing (including writing from
multiple sources and workplace writing) via
analysis of revisions and pauses analysis
using the Inputlog software. The problems of
error correction are also discussed in such
papers.
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Cluster 6 (light blue, 16 items) is
related to the problem of the analysis of the
writing process using a set of methods
(keystroke logging, screencasting, eye
tracking) with different purposes including
tracking the states of writers (boredom,
engagement) with  possible writing

Figure 15. Clusters of authors’ keywords

intervention depending on the detected state.
The problems of writing analytics are
discussed.

Cluster 7 (orange, 12 items) discusses
the problems of the characteristics of written
product via an analysis of typing of people
with dyslexia, deaf and hard of hearing
(DHH), children of deaf adults (CODA).

Pucynok 15. CeTb COBMECTHO BCTpEUaeMOCTH KIIFOUEBBIX CIIOB aBTOpa
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However, this picture is static. The
bibliometric tools used in this study allowed
us to reveal the research trends using a
different set of methods. The basic method is
the analysis of dynamics of keywords
occurrences over time (Figure 16). For
example, we can see that natural language
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processing methods have been actively used
over the last ten years, with a peak in the last
year. Writing analytics and writing assessment
are the recent topical trends. Inputlog was
often mentioned in the papers published in
2010-2015, with a peak in 2013.
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Figure 16. Dynamics of keywords over the years

PI/IcyHOK 16. I[I/IHaMI/IKa HYaCTOTHOCTH KJIFOYEBABIX CJIOB I1O rogamM

But it is more interesting to perform a
co-word analysis and draw clusters of
keywords in the form of a thematic map
(Figure 17). This type of visualization
implemented in bibliometrix is a very
intuitive plot: themes are classified according
to the quadrant in which they are placed: (1)
upper-right quadrant — motor-themes; (2)
lower-right quadrant — basic themes; (3)
lower-left quadrant —  emerging or
disappearing themes; (4) upper-left quadrant —
very specialized/niche themes (Biyiikkidik,
2022; Dervis, 2019; Rashid, 2023).

The basic themes of our collection are
the general problems of the study of writing
processes based on keystroke data, analysis of
revisions 1in writing, analysis of writing
fluency. Among the basic themes there is a
combination of keystroke logging and eye-
tracking to study cognitive effort of the
writers, the problems of studying writing in a
second language including Chinese, problems
of plagiarism detection via keystroke analysis.
The motor themes are the study of pauses and
cognitive processes between them using

Inputlog, the analysis of metacognition in
second language writing, problems of linking
the textual quality of writing as a product with
the characteristics of writing as a process, the
use of NLP and data science methods for
writing analysis.

The niche themes are the development
of the methods for code completion using
keystroke data, construction of text history,
analysis of pause and revision behavior with
connection of second language proficiency,
writing intervention as part of writing
pedagogy, analysis of keystroke on
smartphones, the use of deep learning
methods for natural language generation.

The declining themes are the study of
workplace writing from multiple sources. The
emerging themes are the study of writing
tasks complexity based on keystroke data, the
use of machine learning for revision analysis,
application of mixture models for pause
analysis and assessment of typing skills.

The research trends could also be
revealed via overlay visualization offered by
VOSviewer (Figure 18).
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Figure 17. Thematic map of the collection
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Figure 18. Overlay visualization of domain based on an authors’ keywords co-occurrences
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In the overlay visualization, the color of
a node indicates a certain property of the
node. In Figure 6, the overlay color of each
circle corresponds to the average publication
year of all the papers that include the
corresponding term. In this map, the terms
with cold colours (e.g. blue) represent
research activities with an older average
publication year, and the terms with hot
colours (e.g. red) show terms with a more
recent average publication year. Overlay
visualization of domain was constructed on an
authors’ keywords co-occurrences
(association  strength  was used for
normalization which is a default method,
weights = occurrences, min strength=1).

The general conclusions about the topic
evolution offered by VOSviewer are in line
with those revealed by the thematic map.
Analysis of cognitive processes during
writing, the study of metacognition, error
correction, use of Inputlog to study writing
were at the centre of research attention at the
first stage of analysis, while in the recent
years the problems of task complexity

Figure 19. Co-citation network (cited sources)

assessment, writing analytics, use of deep
learning in writing research, analysis of
typing skills, observational learning have
become hot topics.

3.2.2. Co-citation analysis

Co-citation analysis uncovers the
foundations of knowledge relied on by
scientific research in the field, wherein
clusters are formed based on the -cited
documents (references) that frequently appear
together.

The clusters of the journals with strong
co-citation relations are shown in Fig. 19.
Three large clusters and a small one are
revealed. The largest cluster — green -
consists of the journals related to the general
problems of writing research and writing
assessment. The red cluster is made up of
psychology and cognitive science journals,
the blue cluster is made up of language
learning journals, and the small yellow cluster
is made up of journals related to writing by
people with disabilities. This cluster solution
shows different directions of writing research
using keystroke data and methodology.
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3.2.3. Bibliographic coupling

We also consider  bibliographic
coupling, which is the opposite of co-citation,
as there is an overlap in the reference lists of
publications. In  bibliographic  coupling
visualization, clusters are formed based on the
referencing similarity of citing documents
(articles). The larger the number of references
journals have in common is, the stronger the
bibliographic coupling relation between them
is (Figure 20). Figure 20 shows a very
different clustering compared to the co-
citation network (Figure 19): one of the two
large clusters (red) consists of the top-3 most
cited and relevant journals of our collection
devoted to the study of writing, as well as

Figure 20. Bibliographic coupling of the journals

Journal of Pragmatics, — on one side, and
proceedings from computer science subject
area — LNCS and Journal of Physics:
Conference series, which points to the
existence of a multidisciplinary direction of
studies in the analyzed domain combining
methods from data science and writing
research.

Another large cluster — the green one —
contains journals devoted to different aspects
of language learning, especially computer
assisted language learning. The blue cluster is
made up of the journals which consider
psychological and physiological aspects of
language production.
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Conclusions

This study utilizing a combination of
the bibliometrix R-package and VOSviewer
fills the research gap by providing a holistic
view of the research area related to the study
of writing using keystroke data which can
help scholars understand its current
conceptual structure and development trends.
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The analysis highlights the feasibility of using
R and the existing libraries for bibliometrics.
As our review shows, there has been an
upward trend in the number of papers using
keystroke loggers to study the writing process
over the past five years. However, only few
countries  (the USA, Belgium, the
Netherlands, Sweden) have the most
published and cited papers, with Belgium
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being the leader in terms of the cited papers
and the most influential authors. The level of
country collaboration is quite low. Thus, only
few languages are involved in this important
field of study, which obviously hinters further
development and refinement of the models of
writing. More international collaborations are
needed, and more research groups all over the
world should be involved in this field.

We believe that the knowledge mapping
we present in this paper using a set of
approaches will attract researchers who are
new to this field to find directions for future
research.

Nonetheless, this review acknowledges
certain limitations. While this study is an
attempt to fill a gap in bibliometric studies of
writing research based on keystroke data, it
considers only one citation database, which
may not capture all the studies devoted to the
use of keystroke methodology to understand
the writing process. In the future, it would be
beneficial to add data from some other
databases (i.e., PubMed, Dimensions). Only
English-language sources were analysed.
Furthermore, the content analysis in this study
does not take into account the use of
synonyms. With future revisions, we want to
address the aforementioned restrictions.

While a bibliometric review allows to
analyze hundreds of papers and obtain an
objective holistic view of the research field, it
is unable to consider specific problems of the
field. Therefore, our future plans include
performing systematic scoping reviews (an
excellent example of systematic scoping
reviews 1s presented in (Tikhonova et al.,
2023) to address some specific questions such
as the linguistic nature of writing bursts, i.e.,
minimal units of text production, and ways of
their extraction based on raw keystroke log
data.

References
Alfalahi, H., Khandoker, A. H.,
Chowdhury, N., lakovakis, D., Dias, S. B.,
Chaudhuri, K. R. and Hadjileontiadis, L. J.
(2022). Diagnostic accuracy of keystroke
dynamics as digital biomarkers for fine motor
decline in neuropsychiatric disorders: a systematic

review and meta-analysis. Sci Rep 12, 7690.
https://doi.org/10.1038/s41598-022-11865-7

Aria, M. and Cuccurullo, C. (2017).
bibliometrix: An R-tool for comprehensive
science mapping analysis. Journal of Informetrics
11(4), 959-975.
https://doi.org/10.1016/1.j0i.2017.08.007

Bixler, R.  and D’Mello, S.  (2013).
Detecting boredom and engagement during
writing with keystroke analysis, task appraisals,
and stable traits. In Proceedings of the 2013
International conference on Intelligent user
interfaces (IUI ‘13). Association for Computing
Machinery, New York, NY, USA, 225-234.
https://doi.org/10.1145/2449396.2449426

Biiyiikkidik, S.  (2022). A bibliometric
analysis: A tutorial for the bibliometrix package in
R using IRT literature. Journal of Measurement
and Evaluation in Education and Psychology
13(3), 164-193.
https://doi.org/10.21031/epod.1069307

Cui, Y., Mou,J. and Liu, Y. (2018).
Knowledge mapping of social commerce
research: A visual analysis using CiteSpace.
Electronic Commerce Research, 18(4), 837-868.

Dervig, H. (2019). Bibliometric analysis
using bibliometrix an R package. Journal of

Scientometric Research 8(3), 156-160.
https://doi.org/10.5530/iscires.8.3.32
Donthu, N., Kumar, S., Mukherjee, D.,

Pandey, N. and Lim, W.M. (2021). How to
conduct a bibliometric analysis: An overview and
guidelines. Journal  of Business Research
133, 285-296.
https://doi.org/10.1016/j.jbusres.2021.04.070

Farrukh, M., Raza, A., Mansoor, A., Khan,
M.S. and Lee,J. W.C. (2023). Trends and
patterns in pro-environmental behaviour research:
a bibliometric review and research agenda.
Benchmarking: an International Journal 30(3),
681-696.  https://doi.org/10.1108/B1J-10-2020-
0521

Lee,S.A. and Park,J.H. (2024). Do
Individuals with Mild Cognitive Impairment and
Healthy Aging People Have Different Keystroke
Dynamics? A Systematic Review. International
Journal of Gerontology 18(2), 64-69.
https://doi.org/10.6890/1IJGE.202404 18(2).0001

Leijten, M. and Van Waes, L. (2013).
Keystroke logging in writing research: Using
inputlog to analyze and visualize writing
processes. Written Communication 30(3), 358-
392. https://doi.org/10.1177/0741088313491692

HAYYHBIHW PE3YJIBTAT. BOITPOCHI TEOPETUYECKOH Y ITPUK/IAZJHOW JIMHTBUCTUKH
RESEARCH RESULT. THEORETICAL AND APPLIED LINGUISTICS


https://doi.org/10.1038/s41598-022-11865-7
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1145/2449396.2449426
https://doi.org/10.21031/epod.1069307
https://doi.org/10.5530/jscires.8.3.32
https://linkinghub.elsevier.com/retrieve/pii/S0148296321003155
https://doi.org/10.1108/BIJ-10-2020-0521
https://doi.org/10.1108/BIJ-10-2020-0521
https://doi.org/10.6890/IJGE.202404_18(2).0001
https://doi.org/10.1177/0741088313491692

Aexnuy 0. B., /lumeuHosa T. A. AHanu3 k1a8uamypHo20 no4epka 8 Ucc.1e008aHUSIX NUCbMA... 114
Dekhnich O. V, Litvinova T. A. A keystroke analysis to study writing: a bibliometric review using...

Leijten, M., Van Waes, L., Schriver, K. and
Hayes, J. R. (2013). Writing in the workplace:
Constructing documents using multiple digital
sources. Journal of Writing Research 5(3), 285-
337. https://doi.org/10.17239/jowr-2014.05.03.3

Logan, G.D. and Crump, M.J. (2010).
Cognitive  illusions of authorship reveal
hierarchical error detection in skilled typists.
Science 330(6004), 683—686.
https://doi.ore/10.1126/science.1190483

Maalej, A. and Kallel, I. (2020). Does
Keystroke Dynamics tell us about Emotions? A
Systematic Literature Review and Dataset
Construction. In 2020 16th International
Conference on Intelligent Environments (IE),
Madrid, Spain, 60-67.
https://doi.org/10.1109/1E49459.2020.9155004

Nguyen, T. M., Leow, A. D. and Ayjilore, O.
(2023). A Review on Smartphone Keystroke
Dynamics as a Digital Biomarker for
Understanding Neurocognitive Functioning. Brain
. 13, 959.
https://doi.org/10.3390/brainsci13060959

Omotehinwa, T. O. (2022). Examining the
developments in scheduling algorithms research: a
bibliometric approach. Heliyon 8(5), ¢09510.

Passas, I. (2024). Bibliometric Analysis:
The Main Steps. Encyclopedia 4, 1014-1025.
https://doi.org/10.3390/encyclopedia4020065

Quraishi, S.J. and Bedi, S.S. (2018).
Keystroke Dynamics Biometrics, A tool for User
Authentication — Review. In 2018 International
Conference on System Modeling & Advancement
in Research Trends (SMART), Moradabad, India,
248-254.
https://doi.org/10.1109/SYSMART.2018.8746932

Rashid, M. F. A. (2023). How to Conduct a
Bibliometric Analysis using R Packages: A
Comprehensive Guidelines. Journal of Tourism,
Hospitality & Culinary Arts 15(1), 24-39.

Raul, N., Shankarmani, R. and Joshi, P.
(2020). A Comprehensive Review of Keystroke
Dynamics-Based Authentication Mechanism. In:
Khanna, A., Gupta, D., Bhattacharyya, S.,
Snasel, V.,  Platos,J., Hassanien, A. (eds).
International Conference on Innovative
Computing and Communications. Advances in
Intelligent Systems and Computing, vol. 1059.
Springer, Singapore. https://doi.org/10.1007/978-
981-15-0324-5 13

Rejeb, A., Rejeb, K., Appolloni, A.,
Kayikei, Y. and Iranmanesh, M. (2023). The
landscape of public procurement research: a

bibliometric analysis and topic modelling based
on Scopus. Journal of Public Procurement 23(2),
145-178. https://doi.org/10.1108/JOPP-06-2022-
0031

Saini, G. K., Lievens, F. and Srivastava, M.
(2022). Employer and internal branding research:
a bibliometric analysis of 25 years. Journal of
Product & Brand Management 31(8), 1196-1221.
https://doi.org/10.1108/JPBM-06-2021-3526

Small, H. (1973). Co-citation in the
scientific literature: a new measure of the
relationship between two documents. J Am Soc Inf
i 24, 265-2609.
https://doi.org/10.1002/asi.4630240406

Stevenson, M., Schoonen, R. and
Glopper, K. de.  (2006). Revising in two
languages: A multi-dimensional comparison of
online writing revisions in L1 and FL. Journal of
Second Language Writing 15(3), 201-233.
https://doi.org/10.1016/1.islw.2006.06.002

Tikhonova E., Kosycheva M., Kasatkin P.
(2023). Exploring Academic Culture: Unpacking
its Definition and Structure (a Systematic Scoping
Review). Journal of Language and Education
9(36), 151-168.
https://doi.org/10.17323/j1€.2023.18491

Van Eck, N.J. and Waltman, L. (2014).
Visualizing bibliometric networks. In Y. Ding,
R. Rousseau and D. Wolfram (Eds.), Measuring
scholarly impact: Methods and practice (pp. 285—
320). Springer. http://dx.doi.org/10.1007/978-3-
319-10377-8 13

Wang, S. and Gu, Z. (2022). Mapping the
Field of Value Chain: A Bibliometric and
Visualization Analysis. Sustainability 14, 7063.
https://doi.org/10.3390/sul4127063

Wengelin, A. (2006). Examining Pauses in
Writing: Theory, Methods and Empirical Data. In
Computer Keystroke Logging and Writing:
Methods and Applications. Leiden, The
Netherlands: Brill.
https://doi.org/10.1163/9780080460932_008

Wengelin, A. and Johansson, V. (2023).
Investigating Writing Processes with Keystroke
Logging. In: Kruse, O. et al. Digital Writing
Technologies in Higher Education. Springer,
Cham. https://doi.org/10.1007/978-3-031-36033-
6_25

Yang, L. and Qin, S.-F. (2021). A Review
of Emotion Recognition Methods From
Keystroke, Mouse, and Touchscreen Dynamics.
|IEEE Access 9, 162197-162213.
https://doi.org/10.1109/ACCESS.2021.3132233

HAYYHBIHW PE3YJIBTAT. BOITPOCHI TEOPETUYECKOH Y ITPUK/IAZJHOW JIMHTBUCTUKH
RESEARCH RESULT. THEORETICAL AND APPLIED LINGUISTICS


https://doi.org/10.17239/jowr-2014.05.03.3
https://doi.org/10.1126/science.1190483
https://doi.org/10.1109/IE49459.2020.9155004
https://doi.org/10.3390/brainsci13060959
https://doi.org/10.3390/encyclopedia4020065
https://doi.org/10.1109/SYSMART.2018.8746932
https://doi.org/10.1007/978-981-15-0324-5_13
https://doi.org/10.1007/978-981-15-0324-5_13
https://doi.org/10.1108/JOPP-06-2022-0031
https://doi.org/10.1108/JOPP-06-2022-0031
https://doi.org/10.1108/JPBM-06-2021-3526
https://doi.org/10.1002/asi.4630240406
https://doi.org/10.1016/j.jslw.2006.06.002
https://doi.org/10.17323/jle.2023.18491
http://dx.doi.org/10.1007/978-3-319-10377-8_13
http://dx.doi.org/10.1007/978-3-319-10377-8_13
https://doi.org/10.3390/su14127063
https://doi.org/10.1163/9780080460932_008
https://doi.org/10.1007/978-3-031-36033-6_25
https://doi.org/10.1007/978-3-031-36033-6_25
https://doi.org/10.1109/ACCESS.2021.3132233

HayuHblil pesyabmam. Bonpocbl meopemuyeckotll u npukaadHoti auneeucmuku. T. 10, Ne3. 2024 115
Research result. Theoretical and Applied Linguistics, 10 (3). 2024

All authors have read and approved the
final manuscript.

Bce aemopwvt npouumanu wu o00odpunu
OKOHYAMeNbHbLI 6APUAHIN DYKORUCH.

Conflicts of interests: the authors have no
conflicts of interest to declare.

Kongnuxkmor unmepecos: y aemopos nem
KOHIUKMO6 unmepecos 011 oexaapavuiu.

Olga V. Dekhnich, Candidate of
Philological Sciences (Cand. in Philology),
Deputy Director for Science and Research of the
Institute of Cross-Cultural Communication and
International Relations, Associate Professor of the
Department of English Philology and Cross-
Cultural Communication, Belgorod State National
Research University, Belgorod, Russia.

Jdexnuy Oabra BuranbeBHa, KaHIugaT
(UIIONOTHYECKUX HAyK, JOICHT, 3aMECTUTEIIb
JUpEKTOpa HNucturyta MEXKKYJIBTYpPHOU

KOMMYHHKAaIlMM ¥ MEXAYHapOJHBIX OTHOIIEHUI
[0 HAay4yHOH JesTeNbHOCTH, IOLEHT Kadeapsl
AHDIIMHACKOW ~ (WIIONIOTHH W MEXKYJIBTypHOU
KOMMYHHKaIUH, benropoackuil rocyiapcTBEHHbIN
HaIlMOHAJBHBIN UCCIEN0BaTEIbCKUN YHUBEPCUTET,
benropon, Poccus.

TatianaA. Litvinova, Doctor of
Philological Sciences (D.Sc. in Philology), Head
of the Textual Psycholinguistic Modelling
Research Laboratory, Professor of the Department
of Russian Language, Modern Russian and
Foreign Literature, Voronezh State Pedagogical
University, Voronezh, Russia.

JlutBunoBa TarbsiHa AjlekcaHAPOBHA,
JOKTOp (UIONOTHMYECKUX HayK, 3aBelyOIIHid
Hay4HO-UCCIIEI0BATENBCKON snaboparopueii
TEKCTOBOT'O MICUXOJINHT BUCTUYIECKOTO
MOJISTMPOBaHNUs, Tpodeccop Kadenpsl PyCCKOro
sI3bIKa, COBPEMCHHOH pYyCCKOM U 3apyOexHOMH
JIUTEPATypbl, BOpOHEXKCKUH TrocynapCTBEHHBIN
NeJaroruuyeckuil ynusepeuret, Boponex, Poccus.

HAYYHBIHW PE3YJIBTAT. BOITPOCHI TEOPETUYECKOH Y ITPUK/IAZJHOW JIMHTBUCTUKH
RESEARCH RESULT. THEORETICAL AND APPLIED LINGUISTICS



