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Abstract. This paper reviews empirical literature on artificially
intelligent chatbots for higher education published in 2000-2021 in peerreviewed
journals. The review shows that chatbots are mainly used for teaching assistance
and for non-academic support purposes. The published studies unanimously
report positive effects of chatbots on the outcomes of interest. The review
suggests that chatbots have a considerable potential to be used more widely in
higher education. Further, the research on chatbots in higher education is ripe for
more research.
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AnHoTamusa. B 1aHHOI cTaTbe mpelcTaBlIeH 0030p IMIIHPHYECKOIT
THTepaTypbl MO 4YaT-00TaM € HCKYCCTBEHHBIM HHTEIIEKTOM [UIS BEICIIETO
oOpa3zoBaHus, omyOnHkoBaHHOII B mepuoa 2000-2021 1T. B pelieH3HpPYyeMBIX
KypHanax. O630p moka3biBaeT, UTO YaT-OOTEI B OCHOBHOM IICIIONIB3YIOTCSA IS
00yueHHs N HeaKaZeMHdecKoil momaepxku. OmyOInKoBaHHbIE HCCIeI0BAHNA
eIMHOITACHO COOOMIAl0T O TMOJOKHTETBHOM BIHAHHH 4aT-00TOB Ha
HHTepecyIOIIIe HcciaeaoBareneil pe3yabTaTel. O030p MOKa3BIBaeT, UYTO YATOOTHI
HMEIOT 3HAYNTEeNbHBNI MOTeHIHan UIf Oojee IIHPOKOro ICHOIb30BaHIA B
BeICIIeM oOpa3zoBarni. Kpome toro. cdepa m3yderns gat-00TOBR B BEICIIEM
o0pa3oBaHHH TpeOyeT JaTbHeININX HCCIeI0BaHHIL.

Karwuesbie ciioBa: chatbot, dialogue system., higher education, artificial
intelligence, applications.
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Annatna. byn wmakamaza 2000-2021 xeumgapbl  pelieH3HSUIaHFaH
AKYpHalZapia  SKapisUIaHFaH — JKOFapel  OUTIMre  apHalIfaH — JKaCaHJIbl
HHTE/UIEKTYal sl  4aT-00TTap  Typaakl  SMIUPHKAIBIK  21ebHeTrep
KapacTeiperIanst. oy kepceTkeHell, yaT-60TTap Heri31HeH OKBITya KeMeK
KepceTy YIIIH KoHe aKaJeMIATBIK eMec Kolgay MaKcaThIHIa KOJIJaHbLIAIb.
Kapnsananran 3epTTeyilep Olpaybl3ZaH  CTYIEHTTepHIH  HATIDKelIepiHe
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yaTOOTTApABIH OH acepiH Kepceremi. Illomy uwaT -0OTTapIelH KOFaphl OKY
OpBIHIapbIH/IA KeHIHEH KOIaHBIIATEIH YIKEH a/IeyeTKe He eKeH IITTH KepceTe Il
CoHBIMEH KaTap, JKOFapsl OKY OPBIHIaPBIHIaFE! YaTO0TTap Typajsl 3epTIeyiep
canachl KOCBIMIIIA 3epTTeyepre JaiibiH.

Tyiiin ce3zep: u4aTOOT, AHMAIOr JKyiiecl, JKOFapel OLIIM, JKacaHIBI
HHTeJLIeKT, KOChIMIIaIap.

1. Introduction

Recent advances in artificial intelligence (AI) technologies boosted the
widespread adoption of Al conversational chatbots in many areas of human
activity. Al chatbots have an enormous potential to be fruitfully utilized in higher
education due to their capacity to flexibly support large groups of students at a
low cost [1-4]. Research on AI chatbots in higher education grew in the recent
years yet 1s scattered across various disciplines and research methodologies
which makes it difficult to systematically synthesize [5, 6].

Several reviews of the use of chatbots in education have been published
recently. Winkler & Sollner [7] examine the applications of chatbots to improve
learning processes and outcomes. Perez et al. [8] focus on chatbots’ potential to
improve learning and student services. Okonkwo and Ade-Ibijola [9] review
chatbots’ benefits and challenges in education. Wollny et al. [10] explore studies
of chatbots focusing on applications, designs, evaluation, and educational
effects.

While the reviews cited above synthesize an impressive amount of evidence,
they tend to focus on secondary education and often adopt broad interpretations
of chatbots. Arguably, higher education students have somewhat different needs
than secondary education students, therefore, chatbot uses in higher education
have their own unique features. Furthermore, most of the literature on chatbots
in education describes various chatbots and their design features without any
empirical research on chatbots” actual use. This review aims to systematically
examine the burgeoning empirical literature on Al chatbots in higher education.

2. Review methodology

2.1. Research questions

This review is guided by the following research questions: 1) What are
chatbots used for in higher education? 2) How do chatbots affect academic and
non-academic outcomes of students in higher education?

2.2. Databases searched

The search was conducted in the following databases relevant for computer
science, education research, and social sciences: Association for Computing
Machinery (ACM) digital library, Institute of Electrical and Electronics
Engineers (IEEE), Computer Society Digital Library (CSDL), Education
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Resources Information Center (ERIC), Scopus, and the National Bureau of
Economic Research (NBER).

2.3. Search terins

Since chatbots are relatively recent and the literature on chatbots in higher
education is in its emerging stage, the main search term we used was “chatbot™.
To make sure the search is comprehensive, the search terms list was developed
in consideration of possible studies that examine the use of chatbots to support
a) students preparing to enter higher education, b) students already enrolled in
mnstitutions of higher education, and c¢) students preparing for the labor market or
for subsequent stages of their educational trajectories. The search terms therefore
included ““chatbot for students™, “chatbot for education”, “chatbot for K-12",
“chatbot for university”, “chatbot for learning”, “chatbot for graduate
education”, and “chatbot for the job market™.

2.4. Criteria for including papers in the review

The papers included in the review had to meet the following criteria: 1)
demonstrate empirical evidence involving human participants on the use of
chatbots in or for higher education, 2) be published in peer-reviewed journals, 3)
be published in 2010-2021, 4) be published in English. After applying these
inclusion criteria, our final analytic sample included 6 papers. 3. Results
Table 1 presents an overview of the papers identified through the search and
included in the final analytic sample.

Table 1. Studies included in the review

Study Research design Country Sample size
Ayedoun etal. [11] Pre-/post-analysis Japan 5
Ciechanowski et al. [12] ' RCT Poland 31
Fryer etal. [13] Pre-/post-analysis Japan 122
Lin & Chang [14] Mixed methods Canada 28
Page & Gehlbach [15] RCT USA 7,489

| Nurshatayeva etal. [16] | RCT | UsA [ 4,442

Ayedoun et al. [11] developed and evaluated a prototype of a chatbot
encouraging willingness to communicate among university students studying
English as a foreign language in Japan. Their chatbot prototype simulated a
conversation at a restaurant. A total of 5 undergraduate and graduate students at
a Japanese university interacted with the chatbot prototype. Before and after
participants’ interaction with the chatbot, the researchers measured their
willingness to communicate, interactions with the chatbot, nervousness, degree
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of immersion, and fluency of conversation. The findings showed that confidence
and desire for communication increased and nervousness decreased after
interacting with the chatbot. Overall, the authors conclude that the chatbot
increased participants” willingness to communicate.

Ciechanowski et al. [12] explored the psychophysiological reactions to chatbots
and willingness to collaborate with a chatbot. Psychophysiological reactions
were measured using electromyography. respirometer, electrocardiography, and
electrodermal activity. Willingness to collaborate with chatbots was examined
using the theory of planned behavior survey, the social presence survey, and the
anthropomorphism scale. Two chatbots were designed for the Kozminski
Academy to assist new students with enrollment related issues. One chatbot was
text-based, the other chatbot had an avatar reading out the responses in addition
to presenting them as text on screen. Participants (n=31) were randomly assigned
to either of these chatbots. The overall conclusion of this study is that participants
enjoyed their interactions with both chatbots. However, they were more positive
about the text-based chatbot. Fryer et al. [13] examine the effects of using
chatbots on task and course interest of students studying English as a foreign
language at a private university in Japan. A total of 122 students from various
majors were randomly assigned either to interacting with a chatbot or a human
partner for one week. After the first week, the treatments were switched, that is,
the chatbot group started chatting with a human and vice versa. The findings
showed that the chatbot decreased students’ task interest. Structural equation
modeling showed that task interest with a human partner only contributed to
increasing course interest. Notably, students’ task interest was high at the start of
interactions with the chatbot, but decreased sharply after the first task suggesting
that chatbot’s novelty effect faded quickly and did not contribute to sustained
interest in learning.

Lin & Chang [14] present a chatbot aimed at improving university students’
writing skills. Their mixed methods study with Canadian undergraduate students
showed that the chatbot improved students” essay outline performance and was
helpful in facilitating the communication between instructors and students.
Page & Gehlbach [15] conducted a randomized controlled trial with 7.489
students entering Georgia State University to estimate the effect of an AI chatbot
on enrollment and academic outcomes 1n the first semester of university studies.
The chatbot aimed to support students in transitioning from high school to
college and enrolling in Georgia State University. The experiment results
showed that the chatbot increased success with pre-enrollment tasks and raised
enrollment by 3.3 percentage points among students who expressed early
commitment to study at Georgia State University.

Nurshatayeva et al. [16] replicated the study by [15] at East Carolina University.
A total of 4,442 students entering East Carolina University were randomly
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assigned to either receiving the chatbot support or to business-as-usual supports
provided by the university. The results suggest that the chatbot had no effect on
overall enrollment rates but increased enrollment among firstgeneration students
by 3 percentage points.

4. Conclusion

The present review showed that research papers evaluating chatbots in
higher education focus on chatbots teaching English as a foreign language,
developing writing skills, and supporting students in their transition from high
school to university.

Overall, based on the reviewed studies, one can conclude that chatbots
positively affect academic and non-academic outcomes of students in higher
education. Chatbots assist students in improving their English language skills
and other skills like writing. Chatbots also have the capacity to support students
in the completion of various administrative tasks and nudge them to enroll on
time 1n a university of their choice.

Notably, the reviewed papers tend to use rigorous research designs to
evaluate the effects of the chatbots on the outcomes of interest. Randomized
controlled trials were common perhaps reflecting the considerable research
methods capacity of the researchers studying chatbots in education. Sample sizes
in the two U.S.-based RCT studies are quite large reflecting the scale-up potential
of chatbots in contrast to other types of educational technologies. Overall, the
treatment effects of chatbots yield themselves particularly well to evaluations
involving advanced quantitative research designs. The area of chatbots for higher
education is ripe for more research.
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