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EVALUATION OF TYPING SPEED, USER EXPERIENCE,
AND COGNITIVE LOAD ACROSS KAZAKH, RUSSIAN,
AND ENGLISH LANGUAGES AMONG KAZAKHSTANI USERS

This paper presents an experimental study on typing speed, typing accuracy, user experience and
cognitive load of people when typing in Kazakh, Russian and English languages. Kazakhstan’s mul-
tilingual environment creates unique challenges for digital communication requiring people to have
advanced keyboarding skills in three languages. However, there is lack of research on how such mul-
tilingual trends affect the user experience, cognitive load and usability of Kazakh, Russian and English
languages in the era of Artificial Intelligence (AI). In this work, we designed an experimental study in-
volving 41 human participants taking typing speed tests in three languages, Kazakh, Russian and English.
After completing the typing speed test, participants reflected on the experienced cognitive load for each
of the three languages, as well as the tying habits and preferences. The evaluation of the typing speed
was performed in words per minute (WPM) metric and typing accuracy was reflected on character error
rate (CER) metric. We found that the difference in typing speed and accuracy for three languages was
statistically significant, with typing speed for English being 32.53+8.31 WPM that is 1.41 times higher
than typing speed for Kazakh 23.04+6.59 WPM and 1.12 times higher than typing speed for Russian
29.15+7.58 WPM. Typing accuracy CER metric showed that participants made more errors when typ-
ing in Kazakh than in Russian and English languages. CER for Kazakh equals 5.73+5.00 that is 1.09
times more than 5.24+5.27 CER for Russian and 1.78 times more than 3.22+3.59 CER for English. We
also found statistically significant differences in experienced cognitive load by our participants in terms
of physical demand, effort and frustration. In addition, the results showed the low usability of keyboard
typing in Kazakh language using the Cyrillic alphabet among study participants in comparison to typing
in English using the Latin alphabet keyboard layout and typing in Russian using the Cyrillic alphabet
layout.

Key words: Keyboard Typing Speed, Keyboard Typing Accuracy, Cognitive Load, NASA Task Load
Index, Large Language Models (LLMs), Artificial Intelligence (AI), Human-Computer Interaction (HCI).
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KaszaKcraHablK naiganaHylubuiapabiH Ka3ak, opbic
YKOHe aFbl/IWbIH TiIAepiHAe MATiH Tepy XbINAAMADIFbIH,
naiifanaHyLwWbIbIK TOKIpMGECiH KoHe KOrHUTUBTIK XyKTeMeciH 6aranay

Ocbl Makanaga agamaapablH Ka3ak, OpbIC XXoHe aFbl/IWbIH TinAepiHAe MaTiH Tepy XblnaaMAbIFbl,
Tepy Aa”Airi, nanaanaHyLwblblK ToXipubeci MeH KOrHUTUBTIK XYKTEMECIHE KATbICTbl SKCMEPUMEHTTIK
3epTTey YCbIHbINFAH. KasakcTaHHbIH KenTingi optackl UMOpnblK KOMMYHUKaUMA YiliH 6Giperei
KWbIHABIKTAp TYAbIpbIN, ajaMaapiAaH yw Tinge MaTiH TepyaiH >XOFapbl AeHrenaeri AarabinapbiH
MeHrepyai Tanan eteni. Anaiaa, MyHAaW KenTingi ypaictepaiH naiganaHywbiiblk Taxipubere,
KOrHUTUBTIK XXYKTEMEre >KoHe KasaK, OpbiC MeH aFblWbIH TiNAepiH nalaanaHy biHFAWIbINbIFbIHA
»acaHabl uHTennekt (XKWN) aayipiHae kanait acep eTeTiHi ani 6enricis. Ocbl XxyMbicTa 6i3 41 agaMHbIH
KaTbICYbIMEH 3KCMEPUMEHTTIK 3€pTTEY XYPri3aik, OHAa KaTbiCyLibllap Ka3akK, OpbIC XXOHE aFbl/il biH
TingepiHae MaTiH Tepy XbINAaMAbIFbIHA apHasiFaH TecTTepAeH oTTi. TecT asKTa/FaHHaH KeWiH
KaTbICYLLbINAP 3P Ti/Ire KaTbICTbl CE3IHreH KOTHUTUBTIK XYKTeMeciH 6aFanan, coHaaln-ak MaTiH Tepy
60MblHWa 63 24eTTepi MeH KanaynapbiMeH HenicTi. MaTiH Tepy XblngamabiFbl ce3/MuHyT (WPM)
KepceTkili 6oibiHWa 6arFananabl, an Tepy Aanairi TaHba kaTtenepiHin koadduumneHTi (CER) apKbinbl
enweHai. bi3 yw Tingeri Tepy XbinaamablFbl MEH ASNMAINHIH albipMaLlbUIbIFbl CTAaTUCTUKASBIK TYPFbIAAH
MaHbI34bl EKEHiH aHbIKTaAbIK: afFblWbIH TiiHAE Tepy XblngamabiFsl 32,53+£8,31 WPM 6onbin, Kasak,
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(23,04+6,59 WPM) 1,41 ece »xaHe opbIC TiniHaeriaeH (29,15+7,58 WPM) 1,12 ece »ofapbl 60onapbl.
MaTiH Tepy ganairinih CER kepceTkKiwi kasak TiniHAae KaTbiCywblnapAblH KaTenepai opbiC XaHe aFblfi-
WbIH TinAepiHe KaparaHaa kebipek xibepreHiH kepceTTi. Kasak Tini ywiH CER maHi 5,73+5,00 Kypan,
opsbic TiniHe kaparaHga (5,24+5,27) 1,09 ece xoaHe aFblIWbIH TiniHe KaparaHda (3,22+3,59) 1,78 ece
»ofFapbl 60nabl. Bi3 coHaan-ak Gursmkanblk CypaHbIC, KyL cany »xoaHe dhpycTpauns TypFbiCbiHaH 6i3aiH
KaTbICyLIblNapAblH, CEe3iHreH KOrHUTMBTIK XXYKTEMECIHAE CTAaTUCTUKAbIK MaHbl3fbl albipMaLlblbk -
Tapabl TanTblK. byaaH 6enek, HaTUXenep Kasak TiniHAe KMpUAWLUA apKbliibl MITIH TepyaiH 3epTTey
KaTbICyLUbINapb! YLWiH bIHFANCHI3 6ONFaHbIH KOPCETTi. by aFbiNWbIH TiNiHAE NaTbiH dNINGUIHIH NepHe-
TaKTa >alMacblH KONJaHy XaHe OpbiC TiniHAe KUpUN 21iNbWiHIH NepHeTakTa »aMacbiH KonJaHyMeH
canbICTbIpFaHaa aHblK bavikanapl.

TyWiH ce3pgep: MSTiH Tepy XblNAaMAbIFbI, MITIH TePY ASNAIri, KOrHUTUBTIK XykTeMe, NASA xyk-
TeMe uHaekci, Ynken Tingik Mogenbaep (LLMs), XacaHnabl UHTennekT (XKWN), Apam-koMnbioTep e3apa
opeketTecriri (HCI).
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OueHka YMeHMﬁ CKOpoCTH |-|a60pa TEeKCTa, N0J/Ib30BaTEJ/IbCKOro onbiTa
WU KOTHUTUBHOM Harpy3ku Ha Ka3axXxCKOM, PyCCKOM
M QHIIUICKOM fi3blKaX cpean Ka3axXCTaHCKUX nonb3oBaTeneii

B cTaTbe NpefcTaBneHo 3KCNepUMEHTANIbHOE UCC/IeA0BaHUE MO OLIEHKE YMEHMI CKOpOCTM Habopa
TEKCTa, TOYHOCTM Habopa TeKCTa, MOJIb30BATESIbCKOrO OMbiTa M KOTHUTWMBHOW Harpysku fiogen npwu
Habope TeKCTa Ha Ka3axCKOM, PYCCKOM U aHIIMMCKOM si3blkax. MHOrosibluHas cpeda KasaxcraHa cos-
[AET YHUKasbHble BbI30BbI 4151 UMPOBON KOMMYHUKaLuK, Tpebysi OT foaei BnaaeHust NpoABUHYTbI-
MW HaBblkaMW Habopa TeKCTa Ha Tpex s3blkax. [MOoKa HeACHO, Kak TaKme MHOrosi3blyHble TeHAEHUMU
B/IMSIOT HA MO/b30BATENbCKUI OMbIT, KOTHUTUBHYIO Harpysky M YAOOCTBO MCMOJSb30BaHMSI Ka3axckoro,
PYCCKOIO M aHIr/IMIMCKOrO A3bIKOB B 3MOXY WMCKYCCTBEHHOro uHTennekta (UW). Bbino npoBeaeHo 3Kcre-
pUMeHTanbHOe uccnegoBaHune ¢ ydactveM 41 yenoBeka, KOTOpble MPOXOAWSIN TeCTbl Ha CKOPOCTb Ha-
60pa TeKCTa Ha Tpex sA3blkaX: Ka3axXCKOM, PYCCKOM M aHIIMIACKOM. Mocne 3aBepLueHnst TECTa YYacTHUKM
OLEHMBANM UCMbITbIBAEMYIO KOTHUTUBHYIO HarpysKy Ans KaXKAOoro M3 TpexX S3bIKOB, @ Takke Aenunnch
CBOMMM MPUBbIYKaMK W MpeanoYTeHnsiMM Npyu Habope TekcTa. OueHKa CKOpocTM Habopa TekcTa npo-
BOAMNACb B nokasatene cnos B MuHyTy (WPM), a TouHOCTb Habopa TekCTa oTpakanacb Yepe3 Mnokasa-
Tenb KoadduumeHTta owmnbok cumeonoB (CER). Mbl 06Hapyxunmu, 4YTO pasHuLa@ B CKOPOCTU U TOYHO-
CTV Habopa TeKCTa Ha Tpex si3blkax bblyla CTAaTUCTUYECKM 3HAYMMOMN: CKOPOCTb Habopa Ha aHrMMCKoM
a3blke coctaBuna 32,53+8,31 WPM, yto B 1,41 pa3a Bbille, YeM Ha KasaxckoMm (23,04+6,59 WPM),
n B 1,12 pasa Bblle, 4eM Ha pycckoMm (29,15+7,58 WPM). lNokasaTtenb TOYHOCTM Habopa TekcTa
CER nokasan, 4To y4aCTHUKM Aonyctunu 6onblue owmbok npu Habope TeKCTa Ha Ka3axXCKOM S3blKe
MO CPaBHEHUIO C PYCCKMM W aHrUiAckuMM. 3HadeHne CER ana kasaxckoro coctaBunio 5,73+5,00, uto
B 1,09 pasa 6onblie, yeMm ans pycckoro (5,24+5,27), v B 1,78 pasa 60sblle, YeM AN aHITIMIACKOrO
(3,22+3,59). Mbl TakKe BbISBUIM CTAaTUCTUYECKM 3HAUYMMbIE PAsvuMs B UCMLITHIBAEMON YYaCTHUKAMU
KOTHWUTMBHOWM Harpyske C TOYKM 3peHUst (hU3NYECKON Harpysku, YCUMMA U ypoBHS (pycTpaumn. Kpome
TOro, pe3synbTaTbl MOKa3anu HeyaobcTBO Habopa TekCTa Ha Ka3axCKOM $13blke C MCMOSb30BaHUEM Ku-
PUIMLbI CPeay YYaCTHUKOB UCCNEOBaHMS MO CPABHEHUIO C HABOPOM TEKCTa Ha aHIIMINCKOM SI3bIKe C
MCNONb30BaHWEM packiadKu KnaBmaTypbl AaTUHCKOro andasnta n HabopoM TeKCTa Ha PYCCKOM Si3blke
C UCMO/Nb30BaHWEM KMPWIIIIMYECKOW PacKnafKu.

KnroueBblie cnosa: Ckopocte Habopa Tekcra, TouHocTb Habopa TekcTa, KorHutueHas Harpyska,
MHaekc Harpysku NASA, bonbwve S3bikoBble Moaenn (LLMs), UckyccTBeHHbIN MHTennekT (UN), Ye-
JTIOBEKO-KOMMbloTEPHOE B3auMopencTeume (HCI).

Introduction

Kazakh belongs to the Kipchak branch of the
Turkic language family. There are more than 20 mil-
lion ethnic Kazakhs living worldwide with most liv-
ing in Kazakhstan, China, Mongolia and South Rus-
sia (Kadirova, 2018). Kazakh is the state language
of Kazakhstan, while most Kazakhs are bilingual
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(i.e., speak both Kazakh and Russian) due to the po-
litical, economic and social background of the coun-
try. Kazakhstan experienced an alphabet change
a few times (Kadirova, 2018). From the 15th and
to the 19th century, Kazakh Khanate used a modi-
fied Arabic script. Then it became part of the Soviet
Union as the Kazakh Autonomous Socialist Soviet
Republic (Kazakh ASSR). From 1929 to 1940, Ka-
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zakh ASSR used the Latin script and switched to
the Cyrillic script in 1940. Kazakhstan declared in-
dependence on 16 December 1991 and Kazakhstani
authorities started the policy of moving back to the
Latin script in 2006 (Mukhamedova, 2015).

Kazakhstan is a bilingual country with 80.1%
of the population speaking in Kazakh and 83.7%
speaking in Russian (National Census, 2021). Ac-
cording to the National Census (2021), the percent-
age of the population of the country speaking in
English is 35% and 2.7% speak other languages.
Reforms in the 2000s introduced the concept of tri-
lingualism to the country, where Kazakh is the state
language, Russian is a language of interethnic com-
munications and English is the language integrating
Kazakhstan to the global economy. Since Kazakh-
stan’s independence, Kazakh, Russian and English
have been taught at schools as independent subjects.
Trilingual educational policy involved teaching of
non-language courses at schools in three languages
(Karabassova, 2020). The implications of the trilin-
gual education policy on strengthening the national
identity and enhancing the global competitiveness of
the nation are discussed by Sarmurzin et al. (2024).
To explore the importance of trilingual education in
higher education of Kazakhstan, Tussupbekova et
al. (2018) designed an interview with 63 university
students. The authors found that students prefer to
know three languages equally. The students claim
this can help them to continue education abroad, be
competitive in the global multilingual environment
and successfully pass the international exams (Tus-
supbekova, 2018).

Currently, advances in technology are trans-
forming the daily life of people all over the world
including those living in Kazakhstan. For example,
increased computing power, availability of large
amounts of linguistic data, capable machine learning
algorithms, and deeper understanding of human lan-
guage structure led to technological breakthroughs
in computational linguistics (Hirschberg, 2015).
Natural language processing (NLP) explores how
computational technologies can be used for learn-
ing, understanding and generating human language
content (Chowdhary, 2020). Over recent years,
large language models (LLMs) such as generative
pre-trained transformers (GPTs) made significant
progress and impact in NLP and artificial intelli-
gence (Al) (Zhao, 2023). Many nations worldwide
motivated by economic growth and technological
advancements introduced by country-specific LLMs
are developing their own LLMs, including China,
United States, Korea, European Union, India and

United Arab Emirates. Kazakhstan also developed
its own LLM at the Institute of Smart Systems and
Artificial Intelligence. Recent research and applica-
tions of LLMs in education are overviewed by Kas-
neci et al. (2023).

There are a set of competencies and literacies
needed for students and teachers to understand and
use LLMs (Lehmann, 2024). For example, when us-
ing GitHub Copilot, users first type the comments
describing what needs to be done, then LLM gener-
ates the code (Dakhel, 2023). In general, users inter-
act with LLMs by writing the prompts composed of
typed instructions or comments. Better keyboarding
skills such as keyboarding speed, accuracy and tech-
nique can benefit the user interaction with LLMs
that are becoming an important part of people’s ac-
tivity at school and at work.

According to Donica et al. (2019), keyboarding
speed and accuracy are common measures used to
evaluate the students’ keyboarding skills at school.
In their study with the elementary schools in the
United States, authors overviewed how keyboarding
instructions help to improve students’ keyboarding
speed and accuracy. Many professionals emphasize
the importance of developing keyboarding skills
as early as possible. According to Connelly et al.
(2007), when a child is not fluent in keyboarding,
then they spend more time on key searching than on
composing the text. According to Feng et al. (2019),
advanced keyboarding skills help students get bet-
ter grades and achieve higher academic outcomes.
Further research by Dell’Acqua et al. (2023) indi-
cated better productivity at work thanks to higher
keyboarding speed. Brynjolfsson et al. (2023) in
their work overviewed many studies exploring the
positive impact of information technologies (IT) on
the workers productivity among firms in the cus-
tomer service sector. Authors also present many
examples of positive implications of generative Al
on the workers productivity in the economy highly
integrated with Al technologies within industry,
writing, marketing, etc. LLMs bringing an unprec-
edented boost in workers productivity in various
sectors of the economy is presented by Alto et al.
(2023). Keyboarding is emerging as an important
skill not only for economic growth, education out-
comes and interaction with LLMs, but also directly
relates to the global competitiveness of the country
in the global Al landscape.

There are many works exploring the keyboard-
ing skills of individuals knowing different languag-
es in other bilingual countries (Bi, 2012; Barkaoui,
2014). In the literature, there is a lack of research ex-

177



Evaluation of Typing Speed, User Experience, and Cognitive Load Across Kazakh, Russian...

ploring the keyboarding skills including keyboard-
ing speed, accuracy and technique in the trilingual
environment of Kazakhstan. In addition, research
concerning local people’s experience of keyboard-
ing in three languages (i.e., Kazakh, Russian and
English) in terms of usability and cognitive load has
not yet been explored. In this paper, we designed a
user study investigating measures such as keyboard-
ing speed and accuracy in the scenario of typing pre-
defined text in three languages. We also overview
the qualitative and subjective metrics such as peo-
ple’s experience and cognitive load evaluation. The
keyboarding study was performed in the academic
environment of Nazarbayev University (Astana,
Kazakhstan). In the study, we also recorded the lan-
guage preferences of participants when keyboarding
and to what extent it is convenient for them to type
using the Kazakh Cyrillic alphabet, Russian Cyrillic
alphabet and English Latin alphabet. We found that
typing in Kazakh with the current Cyrillic alphabet
layout on the computer keyboard requires more ef-
fort during typing in comparison to Russian and
English.

Literature review

Digital literacy has become an essential skill over
the world’s extensive digitization (Yesilyurt, 2023).
According to Martin et al. (2008), digital literacy in-
cludes many components such as computer literacy,
information literacy, technological literacy, and digi-
tal competence. The authors emphasize the diversity
of concepts forming the term of digital literacy and
corresponding applications. According to Siok et al.
(2018), modern education is becoming highly depen-
dent on computer-mediated communication, mobile
and interactive technologies. Nikou et al. (2021)
present an extensive study revealing the interdepen-
dence between people’s literacy skills and digital
technologies among 249 Finnish universities. Feng
et al. (2019) refer to digital literacy including digital
writing or keyboarding as an important component
of computer-mediated communication. Morphy et al.
(2012) discuss the concept of computer-assisted writ-
ing in which writing is supported by word processing
programs in computers including spelling and gram-
mar checkers, text formatting software, tools for ba-
sic text-to-speech and speech-to-text conversion, and
planning and outlining software.

Feng et al. (2019) in their work overview the
effects of computer-assisted writing on learning
attitudes, interactions, instructional strategies and
written outcomes of students. Morphy et al. (2012)
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discuss the positive implications of word process-
ing tools on students’ general writing that included
both handwriting and keyboarding from elemen-
tary schools to college education (Morphy, 2012).
According to Freeman et al. (2005), keyboarding
becomes an alternative to handwriting, when the
keyboarding speed is as fast as handwriting speed.
Many studies reveal that better keyboarding skills
of students can result in better writing, as they spend
less cognitive activity on the process of writing and
have more capacity for composing. Stevenson et al.
(2014) present three stages in learning keyboarding
skills including the keyboarding speed and accura-
cy. Specifically, in the first stage, the user relies on
vision and cognitive skills to identify and locate the
letters on the keyboard. In the second stage, the user
learns the keys and develops the muscle memory for
selecting the keys. During the third stage, users type
based on the learned muscle memory and use less
vision and cognition for locating the keys. In this
stage, keyboarding speed increases and keyboarding
becomes more automated. This helps people focus
more on text composing rather than on the key-
boarding process. Moreover, in times when Al is
being extensively integrated into people’s everyday
life, advanced keyboarding skills can help people
during interaction with LLMs. There are two ways
people can communicate with LLMs: 1) typing the
prompts and 2) having speech-based conversations
with voice assistants (Lehmann, 2024).
Speech-based conversations with computer sys-
tems have become a possibility thanks to advances
in Al including LLMs and NLP technologies. There
are a wide range of consumer products available in
the market, such as Apple’s Siri, Microsoft’s Corta-
na, Google Now and Skype Translator (Hirschberg,
2015). According to Magueresse et al. (2020), there
are 7,000 languages in the world, while most of the
NLP and Al research is focused on a narrow set of
around 20 languages that are considered as high re-
source ones such as English, Chinese, and Spanish.
At the same time, most languages are left understud-
ied, including Kazakh. They are often referred to as
low-resource languages, meaning they are low den-
sity, less resourced, less computerized, and less com-
monly taught (Cieri, 2016). For example, there are
works in the literature exploring the effectiveness of
pronunciation-based input systems for English and
Chinese languages (Ruan, 2016). However, there is
a lack of literature exploring speech-based technolo-
gies and applications for low-resourced languages
including Kazakh. Local LLMs, speech-based tech-
nologies and Al tools are essential for low-resource
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language-based digital writing, communications and
human-computer interaction (HCI) saving the lan-
guage from the potential future extinction (Besacier,
2014). Until effective trilingual speech recognition
systems become available and are seamlessly inte-
grated into LLM interfaces, keyboarding remains
the only alternative in Kazakhstan.

Many works in the literature explore the virtual
keyboard layout in virtual/augmented reality (Mc-
Gill, 2022), dynamic personalized keyboard layouts
on touchscreens (Findlater, 2012) and applications
of word-gesture keyboards in HCI (Adhikary, 2021;
Zhai, 2012). There are also works exploring the po-
tential implications of switching from handwriting
to digital writing from perspectives of embodied
cognition (Mangen, 2016). In addition, many stud-
ies overview the role of digital writing, keyboarding
(Donica, 2018) and speech-based input technologies
(Clark, 2019) addressing issues of accessibility and
inclusion in education and HCI.

The study by Dhakal et al. (2018) reported the
average word per minute (WPM) metric for key-
boarding speed for English as 51.56 with SD = 20.2
among 168,000 participants from the United States
(US) aged between 11-30 years with an average
age of 24.5. Barkaoui (2014) designed a study with
participation of 97 university students of Canada
taking the TOEFL-IBT test. The first language of
participants was mostly Chinese, Spanish, Farsi,
and Korean. According to the results, typing speed
of students with low English language proficiency

| e | .
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was 23.94 WPM (SD = 4.05) among students with
low keyboarding skills and 44.78 WPM (SD=4.78)
among students with high keyboarding skills. Typ-
ing speed recordings of students with high English
language proficiency was 28.56 WPM (SD=3.93)
for those having low keyboarding skills and 53.30
WPM (SD=8.23) for students with high keyboard-
ing skills. There are also works exploring the typ-
ing speed on mobile devices. For example, Palin et
al. (2019) reported an average mobile typing speed
in English as 36.17 WPM with SD = 13.22 among
37,370 US participants.

Goals and Methods

Participants

Our study involved 41 participants from the com-
munity of Nazarbayev University (NU), a research
university in Astana, Kazakhstan. Participants were
individuals between 20-40 years old who were un-
dergraduate and graduate students, researchers, fac-
ulty, and staff members. The average age was 26.49
years old (SD=5.36) among 19 female and 22 male
participants. Enrolled participants were randomly
divided into three groups to take the typing test in
Kazakh, Russian and English languages in three dif-
ferent orders. All participants reported that they type
on keyboards on a daily basis for more than 2 hours
on average. Desktop typing involved a QWERTY
layout keyboard with Kazakh, Russian and English
alphabets (see Figure 1 ¢).

Figure 1 — A picture of the setup (a) with a close shot of the screen (b) and the keyboard (c)
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Procedure

Our methodology follows a similar procedure
as in other desktop typing studies (Dhakal, 2018;
Barkaoui, 2014). Participants were asked to com-
plete a set of 1-minute typing tests on an online typ-
ing platform (Typing speed tests, 2024), see Figure
1 (a-b). On the platform, one can upload custom
texts, set a time limit, and start typing the shown

text. During the typing test, participants retype the
shown text as fast as possible considering capital
letters and various punctuation marks (see Figure 2
a-c). Once time finishes, participants receive a re-
port with calculated typing speed in words per min-
ute (WPM), total number of typed symbols, number
of correctly typed symbols, missed symbols and
number of backspaces.

Example Typing Tests in Kazakh, Russian and English Languages

o 01:00 1Minute Test =

Backspace @) Automatic space

a Keyboard sounds @il

ATnlehCHH pyTanap TYKbIMIACBIHBIH IIHTPYC TYBIChIHA JKATATBIH JKeMic
arausl. ITsikkas sxepi OxTycTik KpiTail xoHe YHicTaH. AnelbCHHHIH
TOTTI KaHe anibl Typl 6ap. TaTTl anenbenn xabaiibl TypiHIe Ke3aecneiil.

B -—

Backspace @) Automatic space

Q. Keyboard sounds @il

Jler He pa3 xanosancs [Ipomerero: corBopun ero [Ipomerteil 1 OonbIIHM,
H KpacHBBIM, B IIACTH Y HETO - OCTPHIe 3yOHl, Ha JIanax - CIIbHBIE KOTTH,
BceX OH 3Bepeii ciibHee. "I Bce-Taki, - TOBOPILI JIEB, - 6010Ch 4 meTyxa!"

¢ 01:00 1Minute Test ~

Backspace i) Automatic space

Q Keyboard sounds il

A Lion asleep in his lair was woken up by a Mouse running over his face.
Losing his temper he seized it with his paw and was about to kill it. The
Mouse, terrified, piteously entreated him to spare its life. "Please let me

Figure 2 — Example typing tests in Kazakh (a), Russian (b), and English (c) languages

Three Kazakh texts with average 90 words,
three Russian texts with average 125 words, and
three English texts with average 158 words were se-
lected from the pool of texts offered on the online
typing platform (Typing test, 2024). This ensured
that the participants with all levels of typing skills
will have enough text to type during the typing test.
The test duration was set to 1 minute. The popular
study on keyboarding speed and accuracy used 200-
word English passages for the 2-minute typing test
(Barkaoui, 2014).

At the beginning, we asked participants to read
the instructions for the user study and give their con-
sent for the data collection. Prior to the study, we
received approval for human subject research by the
Nazarbayev University Institutional Research Ethics
Committee (IREC). After participants agreed to take
part in the study and signed the informed consent,
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we randomly assigned them to three groups with 13
people in each group. The first group of participants
completed a 1-minute typing test in English three
times (see Figure 3). Then they filled out the NASA
Task Load Index (NASA-TLX) questionnaire re-
flecting the experienced cognitive load. NASA-TLX
is a popular post-task method for subjective evalu-
ation of the cognitive load. After a short break, par-
ticipants proceeded to the similar 1-minute typing
test in Kazakh language three times, followed by the
NASA-TLX questionnaire and break. Then, after
a 3-minute break, participants moved to the typing
test in Russian lasting for 1-minute three times and
filled the corresponding NASA-TLX questionnaire.
At the end of the study, participants took one more
questionnaire asking for their age, gender, educa-
tional level, language proficiency, work occupation,
typing habits and preferences (Tables with this in-
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formation are given in Appendix A). Participants  of participants first typed in Kazakh, then in Russian
in the second and third groups followed the same  and English. The third group completed the typing
data collection procedure but in different language  tests first in Russian, then in English and Kazakh
orders (see Figure 3). Specifically, the second group  (Figure 3).

Start Experiment

!

Reading the Instructions and Informed Consent Collection

;

Random Assignment (Group A, Group B, Group C)

v ' '

Group A: Order 1 Group B: Order 2 Group C: Order 3
(English, Kazakh, Russian) (Kazakh, Russian, English) (Russian, English, Kazakh)

¢ ' ¢

1-minute typing test - English text 1 1-minute typing test - Kazakh text 1 1-minute typing test - Russian text 1

1-minute typing test - English text 2 1-minute typing test - Kazakh text 2 1-minute typing test - Russian text 2

1-minute typing test - English text 3 1-minute typing test - Kazakh text 3 1-minute typing test - Russian text 3

Cognitive load evaluation - NASATLX  Cognitive load evaluation - NASATLX  Cognitive load evaluation - NASA TLX
[ l |

Measures: words per minute (WPM), character error rate (CER), NASA TLX ratings (mental demand, effort, etc.)

!

Short Break

l v |

1-minute typing test - Kazakh text 1 1-minute typing test - Russian text 1 1-minute typing test - English text 1

1-minute typing test - Kazakh text 2 1-minute typing test - Russian text 2 1-minute typing test - English text 2

1-minute typing test - Kazakh text 3 1-minute typing test - Russian text 3~ 1-minute typing test - English text 3

Cognitive load evaluation - NASA TLX  Cognitive load evaluation - NASATLX  Cognitive load evaluation - NASA TLX
[ l |

Measures: words per minute (WPM), character error rate (CER), NASA TLX ratings (mental demand, effort, etc.)

v

Short Break

v ' v

1-minute typing test - Russian text 1~ 1-minute typing test - English text 1 1-minute typing test - Kazakh text 1

1-minute typing test - Russian text 2 1-minute typing test - English text 2 1-minute typing test - Kazakh text 2

1-minute typing test - Russian text 3 1-minute typing test - English text 3 1-minute typing test - Kazakh text 3

Cognitive load evaluation - NASA TLX  Cognitive load evaluation - NASATLX  Cognitive load evaluation - NASA TLX
[ 1 |

Measures: words per minute (WPM), character error rate (CER), NASA TLX ratings (mental demand, effort, etc.)

'

Short Break

Demographic Background Questionnaire

End Experiment

Figure 3 — Flowchart showing the experimental procedure for the three groups
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Measures

Keyboarding speed was measured in WPM and
reported in online typing software. Accuracy mea-
sures have several calculating techniques. In our
study we used character error rate (CER) metric to
measure participants’ keyboarding accuracy. CER is
the ratio of incorrectly typed symbols by total num-
ber of entered symbols. It is presented in percent-
age. For the evaluation of the participants’ cognitive
load, we have used the Raw NASA task load index
(NASA-RTLX) (NASA-TLX, 2024) questionnaire.
In NASA-RTLX, cognitive load is evaluated across
six dimensions including mental demand, physical
demand, temporal demand, performance, effort, and
frustration. On the questionnaire, participants can
rate the experienced demand or effort on the scale
from O to 20, while the calculated value of the cogni-
tive load ranges between 0 and 100. The usability of
desktop typing on three alphabetic layouts (i.e., Ka-
zakh, Russian and English) was studied on the cus-
tom questionnaire. In addition to the demographics
data such as user age, gender and native language,
the questionnaire also explored convenience of typ-
ing in three languages, daily typing habits of partici-
pants and preferences.

Data analysis

For the data analysis we used measures of de-
scriptive statistics such as mean (M) and standard
deviation (SD). The normality of the data was ana-
lyzed using the Shapiro-Wilk test (Hanusz, 2016).
For the analysis of gender and age distribution across
three groups we used one-way ANOVA (ANalysis
Of VAriance) with post-hoc Tukey HSD (Honest-
ly Significant Difference) test (Ross, 2017; Abdi,
2010). One-way ANOVA with Tukey HSD test was
also applied for the analysis of the typing speed cal-
culated in WPM, typing accuracy measured in CER
metric and cognitive load ratings evaluated through
NASA-RTLX in each of the three typing procedures
using Kazakh, Russian and English languages.

Results and discussion

Statistical analysis of the age and gender of par-
ticipants randomly distributed across three groups
revealed no significant difference between any
group pairs (i.e., Group A, Group B and Group
C). Age analysis with one-way ANOVA test us-
ing F distribution, right tailored, showed F (2, 38)
=0.77, p = 0.47. The same test applied for the typ-
ing speed analysis in WPM across three languages
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(i.e., Kazakh, Russian and English) indicated that
the difference is statistically significant [one-way
ANOVA data F (2, 120) = 16.73, p < 0.001]. Simi-
larly, statistical analysis of the typing accuracy
measured in CER for three languages reported that
differences between these cases are significant [one-
way ANOVA data F (2, 120) = 3.31, p = 0.04]. The
results of participants’ keyboard typing speed and
accuracy on three alphabetic layouts, Kazakh, Rus-
sian and English are shown in Figure 4. The typ-
ing speed and accuracy results are shown for each
of the three groups of participants completing the
typing test in different orders and the overall results
for all participants in total. According to Figure 4a,
the typing speed was the highest when participants
were typing using the English keyboard layout with
32.53 £ 9.31 WPM, then in Russian with 29.15 + 7.58
WPM and Kazakh with 23.04 + 6.59 WPM. As shown
in Figure 4b, typing accuracy metric, i.e., the charac-
ter error rate (CER), was lowest for the English lan-
guage layout with 3.22 + 3.59 CER, then in Russian
with 5.24 + 5.27 CER, and highest in Kazakh with
5.73 +5 CER.

Participants’ cognitive load when typing in three
languages was explored using the Raw NASA-TLX
subjective cognitive load evaluation method. Cor-
responding results are given in Figure 5. Mental
demand, Effort, Frustration and Physical demand
ratings as shown in Figure 5 a-b indicate that par-
ticipants experienced much less load when typing
in English, in comparison to typing in Kazakh and
Russian. Specifically, mental demand ratings for
the Kazakh, Russian and English languages are
39.63 + 30.57, 35.73 = 28.19 and 26.34 £ 22.94.
Similarly, the rating of the effort is 55.37 + 21.52,
45,37 £ 22.9 and 37.56 + 24 for Kazakh, Russian
and English languages. Ratings of the frustration
and physical demand differ among three languages,
showing 34.39 + 27.71 and 40.49 + 31.7 for Ka-
zakh; 32.2 + 25.76 and 33.41 + 27.12 for Russian;
and 20.98 + 15.78 and 24.63 + 19.38 for English.
On the other hand, temporal demand ratings are al-
most the same among three languages, 54.39 + 27.6
for Kazakh, 53.54 + 26.18 for Russian, and
52.07 + 25.86 for English. Performance ratings
also indicate similar results among three languag-
es, showing the highest performance for the Eng-
lish language with the value 56.95 + 24.36, then the
Kazakh and Russian languages with the values of
53.41 + 25.33 and 52.56 + 21.13. Statistical analy-
sis applied on the cognitive load ratings reported
by NASA-RTLX for three languages (i.e., Ka-
zakh, Russian and English) revealed that the dif-
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ference is not statistically significant for the rat-
ings of the mental demand [one-way ANOVA data
F(2, 120) = 2.55, p = 0.083], temporal de-
mand [one-way ANOVA data F(2, 120) = 0.08,
p = 0.92], and performance [one-way ANOVA data
F(2, 120) = 0.397, p = 0.67]. On the other hand,

the difference is statistically significant for the re-
ported values of the effort [one-way ANOVA data
F (2, 120) = 6.2, p = 0.003], physical demand [one-
way ANOVA data F (2, 120) = 3.67, p = 0.028], and
frustration [one-way ANOVA data F (2, 120) = 3.8,
p = 0.025].

Typing Speed and Accuracy
B GroupA M GroupB | GroupC H Total

a) Typing Speed
Words Per Minute (WPM)
45
40 +
35 T+ |
o o
§ 30 + n n
o
25 T
20 +
15
0 L —+——————+—+—+—+———
Typing Typing Typing
Kazakh Russian English

b) Typing Accuracy
Character Error Rate (CER)
16
14
12
10
o 1l =
5 8 .-
6 .
a4
[ o
2 .
0 | |
32—ttt
Typing Typing Typing
Kazakh Russian English

Figure 4 — Typing speed in WPM metric (a) and typing accuracy
in character error rate (CER) (b) when typing in Kazakh, Russian and English languages

The results of the demographic survey ques-
tionnaire taken by participants at the end of the ex-
perimental study are given in Figure 6. According
to results (see Fig. 6 b and d), 4.88% of our par-
ticipants were undergraduate students and 6.59%
pursued graduate studies. Among those who were
involved in the offline work, 21.95% had a bach-
elor’s degree, 34.15% and 2.44% had the high-
est master’s and PhD degrees, correspondingly.
41.46% of participants indicated Kazakh as a native
language, 48.78% of participants chose Russian as
native language and 2.44% of participants selected
English as their native language. 39.02% of par-
ticipants reported that they are fluent in English,
48.78% indicated their English language skills as
advanced, 9.76% as upper intermediate and none
of the participants had the elementary level in Eng-
lish. Similarly, 41.46 % of participants indicated
that they are fluent in Russian, 9.76 % rated their
Russian language knowledge as advanced, and
none of the participants chose intermediate and
elementary levels for the Russian language. On
the other hand, 14.63 % of participants rated their
Kazakh language skills as fluent, 14.63 indicated

their Kazakh knowledge as advanced, 17.07% and
12.20% of participants selected intermediate and
elementary levels in Kazakh language.

As shown in Figure 6a, 85.37% of the partici-
pants rated keyboard typing using the English alpha-
bet layout as being “somehow comfortable”. That
is 1.94 and 3.5 times higher than the same rating
for the Russian and Kazakh languages. Specifical-
ly, 43.9% and 24.39% of participants rated typing
in Russian and Kazakh alphabet layouts as being
“somehow comfortable”. On the other hand, the
ratings of the “somehow not comfortable” and “not
comfortable at all” are the highest for the Kazakh
language. This way, 43.9% of the participants rated
typing in Kazakh as being “somehow not comfort-
able”. The same rating for the Russian and English
languages are 12.2% and 17.7% respectively. “Not
comfortable at all” rating for Kazakh language is
12.2%, 4.88% is for Russian and none of the par-
ticipants selected “not comfortable at all” rating
for English. 19.51% of participants chose “neural”
when assessing typing in Kazakh, 39.02% selected
“neutral” for Russian and 9.76% selected “neutral”
rating when typing in English.
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Raw Nasa Task Load Index (RTLX) Scores
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Figure 5 — Raw Nasa Task Load Index (RTLX) ratings when typing in Kazakh, Russian and English languages: a) mental
demand, b) effort, c) temporal demand, d) frustration, €) physical demand, and f) performance
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Demographic Questionnaire Results
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Figure 6 — Demographic questionnaire results expressed in percentage:
a) keyboard typing habits of 41 participants, b) language proficiency in three languages,
c) how often participants type in each of the three languages during the day, and d) educational level of participants

Figure 6¢ shows how often participants type in
each of the three languages in their daily routine.
90.24% of participants use Kazakh language from 0
to 25 % of the time. 51.22% of the participants type
in Russian from 26 to 50 %, 43.9% type in English
26-50 % of the time, and only 9.76% type in Kazakh
26-50%. Interestingly, 26.83% of participants type
in English 51 -75% of the time and the same number
of participants type in English 76-100% of the time.
7.32% and 2.44% of participants indicated that they
type in Russian 51-75% and 76-100% of the time in
their daily typing routine. None of the participants
type in Kazakh more than 51-75% and 76-100% of
the time.

The overall demographic survey question-
naire results show that there is relatively low rat-
ing of the typing routine in Kazakh language and
relatively low rating of convenience of keyboard
typing in Kazakh. The usability of Kazakh lan-

guage-based digital communication among young
individuals in the era of Al can further decrease
unless we find out the alternative way of digital
communication in Kazakh. One can integrate
natural language processing speech applications
into LLM systems working in Kazakh to support
communication with Al in Kazakh. This class of
applications include automatic speech-to-text and
text-to-speech conversion technologies for Ka-
zakh and other highly used languages among the
Kazakhstani community including Russian and
English. Considering how fast Al is integrating
into the daily lives of modern people, pronunci-
ation-based input and output systems supporting
multiple languages including Kazakh can signif-
icantly help to increase the usability of Kazakh
language in the country. This would support Ka-
zakh language-based communication with Al,
computers and robotic systems. At the same time,
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we increase the amount of spoken and written Ka-
zakh language usage in general.

Overall, global innovative Al solutions can ben-
efit usage of highly supported languages, leaving
them not very much supported and less popular ones
behind. Developing advanced technological and Al
solutions operating in Kazakh is very important to
save the language from potential distinction in the
times of Al. Not all Kazakhstani population have ac-
cess to learn global world languages such as English
or Russian yet. Potentially, this could prevent them
from fully utilizing the opportunities brought by Al
in their daily life, limiting their competitiveness in
the global economy. As a country Kazakhstan needs
to have multilingual advanced Al solutions includ-
ing Kazakh to 1) further promote the accessible and
efficient digital communication, 2) support inclusion
and digital literacy among locals regardless of their
proficiency in global languages, and 3) save the na-
tional identity and local language from distinction.

Conclusion

In this paper, we explored keyboard typing
speed and accuracy through an experimental study
involving 41 participants aged 20 to 40 from the
NU community. The study examined how individu-
als in Kazakhstan type predefined texts in Kazakh,
Russian, and English using the Kazakh and Russian
Cyrillic keyboard layouts and the English Latin al-
phabet layout. We also assessed the cognitive load
participants experienced after completing typing
tasks in each language. At the end of the study, we
collected demographic data to evaluate participants’
comfort levels when typing in each of the three lan-

guages and how frequently they use them in daily
life.

The results indicate that the average typing
speed for Kazakh is 23.04 + 6.59 WPM, which is
1.41 times lower than for English and 1.26 times
lower than for Russian. Typing accuracy, measured
using the CER, further demonstrates the challeng-
es associated with typing in Kazakh. The CER for
Kazakh was 1.78 times higher than for English and
1.09 times higher than for Russian, indicating great-
er difficulty in maintaining accuracy when typing
in Kazakh. Furthermore, participants experienced a
higher cognitive load when typing in Kazakh using
the Cyrillic keyboard layout compared to typing in
Russian using the Cyrillic layout and English using
the Latin layout.

The demographic survey results confirm that
participants find typing in Kazakh significantly
less comfortable than typing in English and Rus-
sian. 90.24% of participants reported using Kazakh
for only 0-25% of their daily typing. In contrast,
43.9% of participants type in English for 26-50% of
their daily usage, while 26.83% reported typing in
English for 51-75%, and an additional 26.83% use
English for 76-100% of their daily typing. These
findings highlight the low usability of the Kazakh
language in keyboard-based digital communication
compared to English and Russian.
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APPENDICES
Appendix A
Table 1 — Age data of 41 participants
Group A Group B Group C
ID1-1D 3 28 29 37
ID4-1D 6 24 30 37
ID7-1D 9 30 23 33
ID_10-1D_12 30 40 32
ID_13-1D_15 23 20 26
ID_16-1D_18 27 23 30
ID_19-1D 21 22 25 30
ID_22-1D_24 29 27 27
ID_25-1D_27 24 22 24
ID_28 —1D_30 22 23 26
ID_31-1D_33 36 25 20
ID_34-1D_36 20 21 22
ID_37-1D_39 21 21 20
ID_40-ID_41 22 35
Average 25,57 26 28
Standard Deviation (Std) 5 6 6
Average total 26.49
Std total 5.36
Table 2 — Gender data of 41 participants
Group A Group B Group C
ID_ 1-1D_3 female male female
ID 4-1D_6 female female male
ID 7-1D_ 9 male male female
ID_10-1D_12 male female male
ID_13-1D_15 male male male
ID_16-1D_18 male male female
ID 19-1D 21 male female female
ID 221D _24 female female female
ID_25-1D_27 male female female
ID 28 -1D_30 male male male
ID 31-1D_33 female male male
ID 34-1D_36 male male male
ID_37-1D_39 female female female
ID_40-1D_41 male female
Female 5 7
Male 9 7
Female Total 19
Male Total 22
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Table 3 — Educational level of 41 participants

Participants with Participants with Participants with PhD | Undergraduate Students 0
bachelor’s highest (%) | master’s highest (%) %) %) Graduate Students (%)
21.95 34.15 244 4.88 36.59
Table 4 — Language proficiency in Kazakh, Russian and English of 41 participants
Native Fluent Advanced Intermediate Elementary
KAZ | RUS | ENG | KAZ | RUS | ENG | KAZ | RUS | ENG | KAZ | RUS | ENG | KAZ | RUS | ENG
) | ) | ) | B | ) | ) | B | B [ ) | ) | W | W [ *%) | %) | (%)
41.46 | 48.78 | 244 | 1463 | 4146 | 39.02 | 1463 | 9.76 | 48.78 | 17.07 | 0.00 | 9.76 | 1220 | 0.00 | 0.00
Table 5 — How often people type on the keyboard in Kazakh, Russian and English daily
0-25% 26 —50 % 51-75% 76 — 100 %
KAZ (%) | RUS (%) | ENG (%) | KAZ (%) | RUS (%) | ENG (%) | KAZ (%) | RUS (%) | ENG (%) | KAZ (%) | RUS (%) | ENG (%)
90.24 39.02 244 9.76 51.22 43.90 0.00 7.32 26.83 0.00 2.44 26.83

Table 6 — How comfortable it is typing in different in Kazakh, Russian and English languages

Not comfortable at all Somehow not comfortable Neutral Somehow comfortable
KAZ (%) | RUS (%) | ENG (%) | KAZ (%) | RUS (%) | ENG (%) | KAZ (%) | RUS (%) | ENG (%) | KAZ (%) | RUS (%) | ENG (%)
12.20 4.88 0.00 43.90 12.20 17.07 19.51 39.02 9.76 24.39 43.90 85.37
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Appendix B

Example Typing Texts

Example Kazakh Text (100 words)

AnenbCuH pyTanap TYKbIMAACHIHbIH UMTPYC TYbICbIHA XaTaTbiH XeMiC aFalubl.
LUbikkaH xepi OHTYCTIK KbiTai xaHe YHAICTaH. ANeNbCMHHIK TaTTI XaHe albl Typi
6ap. TatTi anenbcnH xabaitbl TypiHae ke3aecnenai. Xanbiparbl KasibiH, CONAKWa,
XOFapbl Xarbl cynipney 6onbin keneai. Nynaepi KOC XbiHbICTbI, aK, XyNap WicTi, ryn
worbipbiHa bipaeH, kenae bipHeweyaeH opHanacaabl. Xemici Ken yanbl, CypnbiHa
6aiNaHbICTbI ChIPTKbI TYPI, TYCi (aKWbin capblaaH, Kbi3bi CapbiFa AeiiH) apTypai
6onbin keneai. Auibl anenbcuHHIK buikTiri anaca 6onbin keneai. TikeHekTi
ByYTaKTapbiHbIH Y3bIHABIFbI CM, XEMICIHIH CbIPTKbI KaObiFbl XbINTbIP, KbI3FbINTHIM
capbl, 6egepni, WobipbiHbl 6Te awbl 60naapl. Xemici kebitece, 3¢up ManbiH any
YWiH N3aNA3NaHbINaabl, COHAAN aK TaFram, KOHAUTEP XaHe MiC Cy eHepkacibiae
KONA3HbINAAbL.

Example Russian Text (156 words)

Jles He pa3 xanosancs NpomeTeto: coteopun ero MNMpomeTein U GonbLMM, U KDAaCUBLIM, B
NacTyu y Hero - ocTpble 3yObl, Ha nanax - CUNbHbIE KOrTW, BCEX OH 3B8epeil cunbHee. "U
BCe-Taku, - roBopun nes, - 6otock A netyxal" Otsedan emy Npomerteit: "3pa Tl MeHA
BMHULLL! BCE, 4TO MOT A CAENATb, Thbl OT MEHA MOMYYUN, NPOCTO AyLA y TEDA CNULIKOM
cnabasl" Hayan nes nnakartbca Ha CBOIO CyAbOy U XKanoBaTbCA Ha CBOKO TPYCOCTb. Llen oH ¢
TaKOW MbICTbIO U BCTPETUN CNOHA, NO3Q0POBANCA U OCTAHOBUCA NOTOBOPUTL. YBUAEN OH,
YTO CNOH BCE BpeMA LUEBENUT yLuamu, u cnpocun: "Yro ¢ Tobon, noyemy y Teba Takme
BecnokoiiHbie yLumn?" A BOKpYr CNoHa B 3T0 BpeMs Kak pas nopxan komap. "Buauw, -
CKa3an CrnoH, - BOH 3TOr0, KOTOPbIA ManeHbKUin U Xyx0okuT? Tak BOT, ecnu oH 3abepertca mMHe
B yxo, To A norub”. Ckasan Toraa nes: Beflb A AOMKeH ObiTb HACTONBLKO Xe cYacTnusee
CNOHa, HAaCKONbKO NeTyX cunbHee komapal" Thl BUAMLLL, KaK MOTYY KOMAap: AaXe CNOoH ero
Bourca.

Example English Text (175 words)

A Lion asleep in his lair was woken up by a Mouse running over his face. Losing his
temper he seized it with his paw and was about to kill it. The Mouse, terrified,
piteously entreated him to spare its life. "Please let me go," it cried, "and one day |
will repay you for your kindness.” The idea of such an insignificant creature ever
being able to do anything for him amused the Lion so much that he laughed aloud,
and good-humouredly let it go. But the Mouse's chance came, after all. One day
the Lion got entangled in a net which had been spread for game by some hunters,
and the Mouse heard and recognised his roars of anger and ran to the spot.
Without more ado it set to work to gnaw the ropes with its teeth, and succeeded
before long in setting the Lion free. "There!" said the Mouse, "you laughed at me
when | promised | would repay you: but now you see, even a Mouse can help a
Lion."

Figure 1 — Example typing texts in Kazakh (a), Russian (b), and English (c) languages
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