Salas-Pilco and Yang
Int J Educ Technol High Educ (2022) 19:21
https://doi.org/10.1186/541239-022-00326-w

International Journal of Educational
Technology in Higher Education

REVIEW ARTICLE Open Access

Artificial intelligence applications in Latin ki

American higher education: a systematic review

Sdenka Zobeida Salas-Pilco' ® and Yugin Yang®’

*Correspondence:
sdenkasp@ccnu.edu.cn;
yangyugin@ccnu.edu.cn
" Faculty of Artificial
Intelligence in Education,
Central China Normal
University, No. 152 Luoyu

Road, Wuhan 430079, Hubei,

People’s Republic of China
2 Faculty of Artificial
Intelligence in Education,
Hubei Research

Center for Educational
Informationization, Central
China Normal University,
No. 152 Luoyu Road,
Wuhan 430079, Hubei,
People’s Republic of China

@ Springer Open

Abstract

Over the last decade, there has been great research interest in the application of
artificial intelligence (Al) in various fields, such as medicine, finance, and law. Recently,
there has been a research focus on the application of Al in education, where it has
great potential. Therefore, a systematic review of the literature on Al'in education is
therefore necessary. This article considers its usage and applications in Latin American
higher education institutions. After identifying the studies dedicated to educational
innovations brought about by the application of Al techniques, this review examines
Al applications in three educational processes: learning, teaching, and administration.
Each study is analyzed for the Al techniques used, such as machine learning, deep
learning, and natural language processing, the Al tools and algorithms that are applied,
and the main education topic. The results reveal that the main Al applications in educa-
tion are: predictive modelling, intelligent analytics, assistive technology, automatic
content analysis, and image analytics. It is further demonstrated that Al applications
help to address important education issues (e.g., detecting students at risk of dropping
out) and thereby contribute to ensuring quality education. Finally, the article presents
the lessons learned from the review concerning the application of Al technologies in
higher education in the Latin American context.

Keywords: Artificial intelligence (Al), Higher education, Latin America, Machine
learning, Deep learning, Natural language processing, Algorithm, Systematic review

Introduction

Artificial intelligence (AI) has become increasingly important in recent decades. It is
having a significant impact in numerous fields, such as medicine, finance, law, indus-
try, and entertainment (Amisha et al., 2019; Gade et al., 2020). Education is no excep-
tion, and there is a considerable amount of research now underway into Al applications
for education, such as intelligent tutoring systems, adaptive learning/teaching, assess-
ment design, and learning analytics (Salas-Pilco & Yang, 2020). Al-based applications for
higher education have been growing rapidly across the world and have affected higher
education institutions in Latin America, where Al research is being carried out and
some Al applications are being implemented to improve university services, help teach-
ers to offer quality education, and support student learning.
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Latin America’s socioeconomic context creates some challenges for higher education.
For example, students who belong to low-income households are more likely to discon-
tinue their studies. However, higher education institutions in Latin America have already
started an important restructuring process that involves (a) increasing access to higher
education, (b) promoting co-ordination with other universities, and (c) establishing effi-
cacy criteria (Torre & Zapata, 2012). Latin American researchers are currently imple-
menting Al algorithms and using a variety of large educational datasets. Al techniques
benefit not only students and teachers but also administrators and decision-makers, who
are able to perform their functions more effectively and efficiently through the use of
AlJ, thus improving education quality. With Al applications transforming the landscape
of higher education, the extent of Al research in Latin America has increased in recent
years. However, there is no comprehensive organization of the findings of various studies
for the benefit of researchers, educational authorities, and policymakers. This suggests
the urgency of a synthesis and review of Al-related research findings to highlight the
innovations that have been brought to higher education by Al to support quality teach-
ing and learning. Therefore, this study set out to provide a conceptual review that sys-
tematically maps out the relevant research literature. The article is organized as follows:
first, we present the background to Al research, including the Latin American context
and the situation of higher education in Latin America. We then describe the methodol-
ogy, followed by the research results and discussion. Finally, we present a conclusion and
some lessons learned from the review.

The following three research questions (RQs) guide the review:

1. RQ1: What and how Al-based applications are being used by higher education insti-
tutions in Latin America?

2. RQ2: What are the common Al techniques, software tools, and Al algorithms used
in Latin American higher education?

3. RQ3: What education topics and issues are being addressed by Al applications in
Latin American higher education institutions?

Background

Artificial intelligence

In 1955, the term artificial intelligence was coined by the computer scientists McCa-
rty, Minsky, Rochester, and Shannon (1955/2006). Al is defined as “computing systems
that are able to engage in human-like processes such as learning, adapting, synthesiz-
ing, self-correction and use of data for complex processing tasks” (Popenici & Kerr,
2017, para. 3). Since then, Al research has grown in cycles, with some dormant peri-
ods caused by reduced funding and a lack of effective implementation of algorithms;
these periods are known as “Al winters” However, in the last decade, there has been
increasing interest in applications of Al to various fields, such as healthcare, industry,
and marketing, because of AI's capability to learn and give advice based on digital
data. Most Al applications involve the techniques of machine learning, deep learning,
and natural language processing, among others.
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+ Machine learning is a subdiscipline of Al that consists of learning algorithms that
use available data sources to summarize certain phenomena and further identify pat-
terns. Machine learning systems can be trained or learn to build a predictive model
through supervised classification or unsupervised clustering. In education, machine
learning can be used to predict students’ learning performance and produce person-
alized learning pathways (Ciolacu et al., 2018).

+ Deep learning is a type of machine learning technology that uses artificial neural
networks through layers of interconnected nodes to simulate the operation of the
human brain. Trained deep learning algorithms can make predictions based on very
large datasets; this is used, for example, for image recognition (Cheng et al., 2018).

+ Natural language processing is a field of Al related to understanding the human
language through the analysis of sentences and the use of algorithms to extract the
meaning of words. One well-known application is chatbots that can understand
common language requests and respond automatically, thus providing immediate
assistance to users. Another example is automatic language translation (Lu et al.,
2020).

Artificial intelligence in education
Al in education started with the introduction of computers to the education sector dur-
ing the 1990s, and research has focused on developing Al-enhanced learning environ-
ments, such as intelligent tutoring systems, adaptive learning systems, intelligent agents,
and intelligent collaborative learning systems, that manifest significant improvements
in automated computational approaches to education. The education sector is now
significantly influenced by AI research, as Al applications are being used by learners,
educators, and administrators and various tools, algorithms, and applications have been
developed with the capacity to transform the education field (Chen et al., 2020).
According to Zhang and Aslan (2021), Al in education is an interdisciplinary research
area integrating computer science, learning sciences, psychology, neuroscience, linguis-
tics, and other disciplines. This interdisciplinary approach is necessary to develop per-
sonal, adaptive, and effective learning environments to optimize traditional education.
AT has the potential to achieve sustainable change at all levels of the education system,
not only in learning and teaching but also in the administration and management of
educational institutions. Baker and Smith (2019) listed three main educational processes
affected by AI applications in education: (a) learning, with Al being applied to support
students’ learning processes, such as through the development of adaptive or personal-
ized learning systems; (b) teaching, with teacher workloads being reduced by the auto-
mation of feedback, assessment, and administrative tasks; and (c) administration, with
AT used for providing information to decision-makers at institutional and even national
level, such as by identifying research patterns across faculties or universities. Further-
more, Owoc et al. (2021) indicated that the benefits of Al in education are the following:
(a) automation of repetitive and time-consuming activities such as grading or controlling
student attendance, (b) use of Al facilitators to support teachers in their classroom work,
(c) feedback for teachers using Al chatbots to collect students’ opinions, (d) adaptive
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learning through customization according to each learner’s needs, (e) spaced repetition
and knowledge revision for students, and (f) AI-powered anti-cheating systems.

As Popenici and Kerr (2017) pointed out, Al is used every day in higher education
campuses around the world. For example, universities have a wide array of data about
students (i.e., academic, socioeconomic, and operational data) that can be analyzed to
predict certain trends and identify patterns in students’ behavior in real-time, which can
give educators a more holistic insight into the status of their students. Using this data, Al
can help in responding to individual users’ needs for pacing and progress through per-
sonalized learning platforms.

Latin American higher education

Latin America is a region comprising 19 countries located in North, Central and South
America that share similar histories, cultural and linguistic backgrounds. The region
has a current population of approximately 617 million (The World Bank, 2021a). Except
for Brazil, where Portuguese is the most widely spoken language, every Latin American
country has a majority of Spanish speakers. According to the World Bank (2021a), the
most populated countries in the region are Brazil (212.6 million) and Mexico (128.9 mil-
lion), and the countries with the smallest populations are Uruguay (3.5 million) and Pan-
ama (4.3 million). The country with the highest number of students enrolled in higher
education is again Brazil (8.7 million students), followed by Mexico (4.6 million) and
Argentina (3.2 million). Only Brazil invests more than 1% of its GDP in research-related
activities, with Argentina (0.61%), the highest of the other countries.

The gross enrollment rates in Latin American higher education institutions have
increased from 21% in 2000 to 52% in 2018, and there are now approximately 28 mil-
lion students enrolled in higher education across the region. Moreover, the majority of
enrollments in many Latin American countries are in private institutions (The World
Bank, 2021b). According to Brunner and Labrana (2020), higher education in Latin
America has shifted toward massification and universalization after initially providing
access only to the elite. Despite increased access to higher education, however, higher
education systems in the region face several challenges, such as educational inequality,
delays in graduation, and high dropout rates among students with low socioeconomic
status (Baldn, 2020). Nevertheless, Latin American higher education institutions have
made efforts to increase their use of technological and digital educational tools to ben-
efit not only students and teachers but also educational administrators.

Methodology

This article presents a systematic literature review of the current application of Al tech-
nology in higher education institutions in Latin America. A systematic review explores
previous studies to answer specific research questions based on an explicit, system-
atic, and replicable search strategy, with inclusion and exclusion criteria (Kitchenham
et al., 2009; Xiao & Watson, 2019). It is useful for understanding the work that has been
done in a particular area through analyzing and synthesizing empirical evidence from
previous studies to answer general research questions. Moreover, Twining et al. (2017)
highlighted the importance of qualitative studies—regarding technologies applied in
education—in understanding a situation or phenomenon through the identification
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of themes and patterns in the data. Originally AI was the focus of computer scientists
and engineers, but it has expanded to other disciplines where Al contributes develop-
ing novel applications such as health care, neuroscience, and psychology. Therefore, Al
research can enhance the teaching—learning process when seeking to answer why and
how a particular observed phenomenon occurs in the education field (Longo, 2020).
Therefore, given the recent emergence of relevant literature, a systematic review is
appropriate for capturing information about the impact of Al applications on teaching
and learning activities at higher education institutions in Latin America. The phases of
a systematic review are: defining the research questions, conducting a literature search,
screening relevant research articles, analytical coding and data extraction, and synthe-
sizing the findings to shine light on trends, gaps, or contradictions. These phases are

elaborated upon below.

Search strategy

Latin American scientific articles are usually published in Spanish or Portuguese. The
largest repository in the region is Scielo, which indexes national and regional Latin
American journals. Another important source is the CAPES Portal, which indexes high-
quality Brazilian journals. In total, four databases were searched: Web of Science, IEEE
Xplorer, Scielo, and CAPES Portal. These repositories were chosen as primary databases
for their comprehensiveness and ease of use.

Relevant studies were identified with publication dates from July 2016 to June 2021, a
5-year period. The search was conducted in July 2021 by inserting a search string with
the selected terms in each of the selected databases. A typical search string was (“artifi-
cial intelligence” OR “machine learning” OR “deep learning” OR “natural language pro-
cessing” OR chatbot* OR “neural network*”) AND (“higher education” OR “universit*”),
plus the name of each Latin American country, with the search performed in English,
Spanish, and Portuguese. The following inclusion criteria were used to select articles

from the databases:

+ DPublication date from July 2016 to June 2021.

+ DPublished in English, Spanish, or Portuguese.

+ DPublished in a peer-reviewed journal or conference proceedings.

+ DPresenting empirical primary research.

+ Including data relevant to Al applications in Latin American higher education insti-
tutions (with a focus on machine learning, deep learning, and natural language pro-

cessing applications).

An initial search was carried out in the databases on titles, abstracts, and keywords,
retrieving 2397 articles. The search was then refined based on the inclusion and exclu-
sion criteria to ensure that the selected articles were able to answer the RQs. This
reduced the number of potential papers to 401. After removing 18 duplicate papers, 383
articles remained. We screened the abstracts of these papers and removed 307 articles
that were deemed not relevant, for example: conceptual papers, opinion pieces, other
emergent technologies (e.g., virtual reality, augmented reality, 3D, EEG/ECG sensors,
etc.), content in higher education but on fields such as agriculture, economics, medicine,
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industrial applications, and so on. The 76 remaining articles were full-content screened,
and a further 45 articles that did not fulfil the inclusion criteria were removed. There-
fore, 31 published articles were finally selected for the analysis (see Fig. 1).

Data extraction and analysis
The data extraction involved collecting and coding information for each of the 31 stud-
ies, with the following information identified to help organize the data for analysis:

« Title, author/s, year of publication, country where the study took place.

+ Education topic of the study.

+ Common Al techniques (machine learning, deep learning, and natural language pro-
cessing) used in the study.

+ Common software tools and Al algorithms used in the study.

+ Al application used in the study.

Identification
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Fig. 1 Flow diagram of the article selection process
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Results and discussion

The studies came from the following countries: seven from Mexico, seven from
Colombia, six from Ecuador, five from Brazil, two from Peru, two from Chile, one
from Argentina, and one from Bolivia (see Table 1).

Al applications in higher education

RQI: What and how Al-based applications are being used by higher education institu-
tions in Latin America?

Several Al applications have been implemented in higher education worldwide. How-
ever, in the Latin American context, these applications have particular characteristics.
Table 2 presents a summary of the Al applications implemented in educational set-
tings across the studies under review.

Predictive modeling in education

Al prediction models estimate educational processes using large educational datasets
(Brooks & Thompson, 2017). Predictive modeling is beneficial because it gives accu-
rate insight into educational questions and allows decisions to be made in advance; it
is also time-saving and cost-effective. For example, Al applications can predict stu-
dents’ dropout rates (da Fonseca Silveira et al., 2019; Palacios et al., 2021), course per-
formance (Bojorque & Pesdntez-Avilés, 2020), and academic performance (Castrillén
et al,, 2020). Of the predictive models in the reviewed studies, the most common algo-
rithm was the Multilayer Perceptron Artificial Neural Network (MLP-ANN), which
also achieved a high average accuracy.

Al computer-assisted content analysis

The remarkable advances of Al have brought about the opportunity to automate the
analysis of textual content. Whereas manual content analysis was typical some years
ago, Al computer-assisted content analysis is now being adopted. The use of natu-
ral language processing brings many opportunities in areas that involve an immense
amount of textual data (Lu, 2018). Regarding content analysis, the Latin American
studies showed that Al algorithms have been applied in higher education for student
online assessment (Mendoza Jurado, 2020), for extracting information from university
documents to generate a dataset that can provide answers to queries (Sayama et al.,
2019), and for evaluating teacher performance through student comments (Gutiérrez
et al., 2018) or the analysis of syllabuses (Okoye et al., 2020).

Assistive technology (chatbots)

Al-based conversational agents, known as chatbots, are Al applications that can sim-
ulate a conversation using text or voice as input. These applications are being inte-
grated in social networks, websites, and a variety of platforms (Borsci et al., 2021).
Chatbots are used for a range of purposes in the education sector. For example, chat-
bots can be used to break down the barriers preventing young university students



Page 8 of 20

(2022) 19:21

Salas-Pilco and Yang Int J Educ Technol High Educ

uoneonpa uj buj|

(6107) RIS pue

douBWIONAd JUSPNIS  -[SPOU SAIDIPAI] 1D ¥ (uonoipald) TN eIqUIO|0D Z9|RZUOD)-RJD1eD) [€1]
sisAjeue
douewl JUSIUOD Pa3sISse  [apowl YT ‘[opow (sIsAjeuy

-10j1ad Aisiaaiun -19INdwod |y 4QJ-41 ‘T Sepy 92404 ‘P'U IOMISN [e120S) 4N Jopend3  (/107) e 19 sojjed 1]
Butag-jam (s10q1ey) ABo e (8107) 1212

pue yiesy Juapnis -|OUYD3Y DANSISSY U ggobuop 10gieyD J9BUISSI|N Y00gIe (:0g1eYD) 41N 0JIXaN  zanblupoy esouidsy (L]
(0202)
aouew ‘|e 39 zanbujwog

-loj1ad Alsianiun - sonAjeue yusbijaiu) 4410 Y (uoneoylisse|D) TN e|qulo|0D -zoye|aQg o1]

uonedIuNW (s100184) ABO (u1-bnid sjpoo) JaYoN 300gade4 ‘10q

-WOD 1USPNIS-IaYdea| -|oUYD1 SANSISSY PU -1eYD J9BUISSI 00gade ‘DIPOOIA SINT (20g1eYD) 41N lIzeig  (8107) e 1@ uoyaQ l6]
uon uoneonps ul buy| (6107) P10

-uala1 pue inodoig -[SPOoW SARdIPaId 44 ‘'WgD ‘W1D 4 'IV OCH '9p0o2099 (uonaipaid) TN lzelg  BIISA|IS BIISUOS BP (8l

(s1001YD) ABO JUBISISSY | UOSIA

S92IAIDS AUSIDAIUN -|oUYD31 SARSISSY Pu NG (dX) Buluweibold aWwaiix3 ‘wnidg (3001RYD) 4N lopend3  (0Z07) e 19 0I9pIoD) 1
uoeoNpa ul bull (0200)

9oURWIONd JUSPNIS  -]9POW SAIDIPAYd  NNY dTW 'WAS ‘1d UoYIAd (UonaIpald) TN e|quiojoD ‘|B 1 SBI2IIUOD [9]
(s100184D) ABO SDINIDS (8107)

S2DINISS AISISAIUN -|ouyD21 AISISSY PU aAIUbBOD UosIEA NG| ‘Wiofe|d pnopD NG (:0q1eYD) 4N niad  |e19zeIg-anboyd [s]
uswdo (0Z02) 1P 19

~[oA9p 21NINy JUSPMIS  soNAjeuR JUSDIRIU| 1Y ‘AN YelOgHT ‘8yf VYIM  (uonedyisse|D) TN elquojod Zsypues-uodeys [v]
uonesnpa ui bul| (0z07)

9oueWIONad JUSPNIS  -[9POW SAIDIPAI Y[ VYIM (UonaIpald) TN eIquIojoD [B 13 UQ||LaSeD [€]
(0z07)
aouew uopnednps ul bul| S|INY-Z21USdd

-1041ad Bujydea]  -|apow aARDIPald NNVY-dTA pu (Uonaipald) TN Jopend3 pue anbiofog [a
uon uoneonps ul bul| (0207) e 1

-uala1 pue inodoig -[9poWw 9ANdIPald (SO €dl) LA dTA - 73DXT 'SO1SNEIS SSdS ISI9PON SSdS VAV (uonaipaid) TN nisd eoed|y-|ebaipag [1]

>1do) uone>np3 uonedjdde |y  pasn swyiuobly sjool anbiuxay |y A1iuno> 1eak ‘(s)ioyny al

21211 UOISN|DUL 941 19W 1eY1 BOLISWY UIIET Ul SUOIINMASUL UOedNpa Jaybiy uj uopedidde |y Uo saipnis Jo Alewwng | ajqer



Page 9 of 20

(2022) 19:21

Salas-Pilco and Yang Int J Educ Technol High Educ

aN
Va0 44 dTIN DAS

uon uonesnpa utbull 1s0ogepy ‘NN ‘(1
-U33aJ pue 1nodoiqg -|9pOW SAIDIPAld 13 YD) 934 (J9A|OAT UoYIAd (UonaIpald) TN lIzeig  (0Z07) ‘|e 12 sowues [sa]
uoieoNpa ul bull (0200)
9ouewIopad Juspnis -|9powl 9AIDIPald NNV-dTA abueIO 'SSdS ‘Y (uondipald) 1 lopend3  '|e 13 Sl|ed-|eAopues vl
uon uonedNps ul buj| NAS
-us1al pue 1nodoiq -[9POW 9ANDIPaId 4y ‘gN ‘YT 'NNM '1d YIIM (uondipaid) TN 2IlyD  (1207) ‘[e 19 sodejed [€7]
s|sAjeue uondUNY JUSW
aouew JUSIUOD Pa3sIsse  -1Iuas~19b uopouny (sIsKjeuy
-Jopiad buiyoes) -123ndwod |y USWnRUas 2IuT19b pNoD PIOM 'Y UBWINUSS) dIN oIXW  (0Z07) | 32 20O [ca
douew uonednps ul bul|
-104ad Ausianlun -[9pOW 2AIDIPald 4144 '1d FNINM (uonaipaid) TN elIquiojos (6107) e 12 013IN k4]
uon uoneonps ul bul| (£107) uewzno
-ualai pue inodoid -[9pOW SAIDIPald NG 1d dIN (Ng) WM3IM ‘(1Q dTN) SSdS 19nIes TOS (uonaipaid) TN QYD pue epueliiy [0z
uonen(eAd SIINIP (uon (0zZ02)
PUE JUSWISSISSY SonAjeue abew| NND ‘O0H Bulinided abew| ‘ain1oaydie 19N -lubodai [eded) 10 |1zeig |B 19 S9Z2UI\ 61]
sisAjeue
uonen|eAd JUS3UOD Pa3sIsse (IdY Buluiea] daag UOYIAd) Se1ay WO} (MIIASI D13eUIOINY) (0202)
pUB JUSWISSISSY -121Indwod |y NNV-dTW 9N SSB|D 49ZIUdN 0 ‘(SPIOA JO Beg) uoyiAd JINS TN eIAljog opein[ ezopualy [81]
Buiag-|lem (s10q18Y2) ABO
pue yijesy Juspnis -|OUYD33 SARSISSY pu SSdS 10018y 196USSSI %00G2064 (10q18YD) 4N eunusbly (1207) "2 12 SO [£1]
sisAjeue
ERIEN JUSIUOD Pa3sIsse 4y (Kjod-3 ‘[eipel-y (SIsAjeuy JusW (8107)
-Jopiad buiyoes) -191ndwod |y ‘Ieaul|y IWAS Y -U3S) 4TINS TN ODIXIN ‘|e 19 Za1I9nNo 1]
juswdo uopedNps Ul buj| (0207) e 12
-[9ASP 21Ninj JUspnis -[9pow 2ANDIpald 44 ‘9911 d3Y '8P YIXIM (uonaipaid) TN OJIXIN 0lolARID ZoWOH [Sl]
uonesnpa uj bul| (6100
9ouewlopad Juspnis -|9powl 9AIDIPald ERI 114|001 UJBS-1IDS (uonoipaid) TN Jopend3 |B 19 Z3|9A\-BIDIeD) 1]
51doy uonesnpy uonedjdde |y pasn swyiuob|y sjoo] anbiuxay |y Anuno> 1eaf ‘(s)ioyany al

(penunuod) L ajqeL



Page 10 of 20

(2022) 19:21

Salas-Pilco and Yang Int J Educ Technol High Educ

[19po Aouanbai4 JuswndoQq asiaAul-Adousnbaiq 4gj-41 ‘saulydely 10139 Hoddns JAS “IaLIsse|D J0109A
woddng HAs ‘depy Buiziuebio-§19S WOS ‘@911 Wopuey Y 153104 WopueyY JY ‘@911 Bulunid 10413 padnpay aail47Y ‘UonduNS siseg [elpey 4gY ‘sisAjeuy JueulwndsIg d13eipen yaod ‘wjoo] abenbue [einiep y 7N ‘Buissadold
abenbue jeinieN gN ‘sokeg SAleN gN SJIOMISN [eIN3N [edyIY uondadiad Jake|i NN NNY-d T ‘Buluies] sulydew 7y ‘uoissaibal 2135160 Y7 ‘[9pPow uoledo||y 19|YyduId 1udle Yg7 ‘sioqybiau 1sa1eau-y NNY ‘SIuslpess
Pa1usLIQ JO WelbolSIH DOH ‘Uolssaibal [eIdUIB YO ‘|SPOIN Jeaul] pazijelauan 7o ‘duiydely Buiisoog Juaipeln pgo ‘swyiioble 211auab v ‘Wyiob|y sely 92104 4 ‘9211 uoispaq |g ‘Buiuies) daap 7@ ‘931 uoredyisse|d)
1D ‘SHI0MIBN [BINSN [BUOIIN[OAUOD) NN ‘S91] UOISSRIBY pue uonedyisseld 14D “YOMISN uelsakeg Ng ‘|9POW MO|4 UOIIUSNY [euolIdaiId-1g Yalg “MOMISN [ednaN [ePYIY NNV ‘Bunnsooq aaneidepe jsoogopy

oouewl

uoneonps ul buy|

(6100)

-1oj1ad Alisianiun -]spowl aARdIpald NNY-d TN (sobeyped 1auu g 1218D) Y (uonoipaid) TN eIqUIOIOD) ‘| 13 PIABPRD-|BGSIA (el
SHIOMISU [eInau
souew J0 Ajiwey (NOS) (HIs pue (L100)
-10j1ad Aisianiun - sonAjeue Jusbieu)  depy Buiziuebio-J[aS  YDrS) S|003 DLISWOIUSIDS ‘WdSAS INOSJe]  (Uonedyisse|D) TN ODIXIN ‘|e 12 JOUaSe||IA [o€]
uonesNpa Ul bul| (8107) ue zado
9ouewlopad Juspnis -|9powl 9AIDIPald 4O 4N 494 U (UonaIpald) TN OJIXIN pue zaJezed eo||n 6]
VELRTEN uoneonpa uj buj| (6100)
pue yiesay Jusapnig -[9powl 9AIDIP3l NNV (MO[JJ0SU3] pue SeIY Sallelql]) UOYIAd (uondipald) 1 ODIXIN ‘|e 19 010§ $a110| (87
s|sAjeue
SduPW JUDIUOD PaJsIsse (3y]00] abenbueT |es (uonoenx3 (£102)
-Jopiad buiyoes) -123ndwod |y AIRIQI MLIN  -NIBN) UOYIA] “(SSS JO UOISIDN 334)) ddSd abpajmouy) dIN lopeno3 ‘e 19 uoa-eide] L
sisAjeue
JUSIUOD Pa1sIsse AJeigI| MOIOSU| (I Buiuiea daaq) (uoisuayaudwod
SDIAIDS AUSISAIUN -RINdwod Iy Alelqi MIIN 4valg  Uoyikd ‘ayjool abenbueT einleN) uoyikd  buipeay) 4N 10 lIzeig  (6107) ‘e 12 eulekeg [97]
>1do} uoneonpy uonediidde |y  pasn swyliobly sjoo] anbiuxay |y Anuno) 1eaf ‘(s)aoyiny al

(penunuod) L ajqeL



Salas-Pilco and Yang Int J Educ Technol High Educ (2022) 19:21 Page 11 of 20

Table 2 Al applications in Latin America higher education across reviewed studies

Al application Study ID No. of studies
Predictive modelling in education [11, 121, (31, [6], [8], [13], [14], [15], [20], [21], 16
[23], [24], [25], [28], [29], [31]
Al computer-assisted content analysis [12], 6], [18], [22], [26], [27] 6
Assistive technology (chatbots) [5], 171,191, 1111, [17] 5
Intelligent analytics (classification) [4],[10], [30] 3
Image analytics (facial recognition) [19] 1

from sharing their personal concerns and behaviors, as well as to identify students
that present symptoms of attention deficit hyperactivity disorder (Espinosa Rodriguez
et al., 2018). Chatbots are also being used to detect anxiety and depressive symptoms
in students and address delays associated with access to treatment (Klos et al., 2021).

Intelligent analytics (classification)

Intelligent analytics uses Al algorithms to process and prepare rich educational data
for statistical analysis and to show evidence of the classification results (Sun & Strani-
eri, 2021). Higher education institutions in Latin America have used this Al application
to identify the indicators of university graduates’ employability (Chacén-Sanchez et al.,
2020) and to analyze the impact of universities classified as accredited or non-accredited
on student standardized tests, as accreditation is intended to ensure high quality educa-
tion (Delahoz-Dominguez et al., 2020). Intelligent analytics can also help to evaluate aca-
demic research performance and scientific productivity (Villasefior et al., 2017) where a
classification process is used to understand and optimize higher education systems.

Image analytics (facial recognition)

Image analytics is an Al application that extracts, analyzes, and evaluates information
from digital images through the use of Al algorithms. Its growth has been greatly facili-
tated by the explosion of digital image production and the ever-increasing quality and
diversity of images. The most widely known application of Al for image analytics is facial
recognition (Dzhangarov et al.,, 2020). In the education field, image analytics has been
used to extract facial features and detect emotion. In Latin American higher education
institutions, Al image analytics has been applied for managing student attendance using
facial recognition with just one image from a capturing device (Menezes et al., 2020).

Al techniques, software tools, and algorithms used

RQ2: What are the common Al techniques, software tools, and Al algorithms used in
Latin American high education?

Al techniques
Table 3 presents the Al techniques used in the reviewed studies. We found that 17 stud-
ies used machine learning, of which 14 focused on prediction and three on classification.



Salas-Pilco and Yang Int J Educ Technol High Educ (2022) 19:21 Page 12 of 20

Table 3 Al techniques and the type of process used by the reviewed studies

Al technique Type of process Study ID No. of studies Total
ML Prediction [1], [2], (3], [6), [8], [13], [14], [15], 14 17
[20], [21], [23], [25], [29], [31]
Classification [4],110], [30] 3
NLP Chatbots (5,171,191, 111, (17) 5 8
Social network analysis [12] 1
Sentiment analysis [22] 1
Knowledge extraction 27 1
DL Prediction [24], [28] 2 3
Facial recognition [19] 1
ML & NLP Sentiment analysis el 1 2
Automatic review [18] 1
DL & NLP Reading comprehension [26] 1 1
DL deep learning, ML machine learning, NLP natural learning processing
Table 4 Al software tools used by the reviewed studies
Main Al tools used Study ID
R (81,1101, [13], [16], [22], [24], 31]
Python [6], (18], [25], [26], [27], [28]
SPSS [11, 7], [20], [24]
WEKA [3], [4], [15], [20], [23]
Facebook Messenger chatbot [91, 111,171
LMS Moodle [9]

Eight studies used natural language processing, of which five were on chatbots, one was
on social network analysis, one was on reading comprehension, and one was on knowl-
edge extraction. Three studies used deep learning techniques, of which two focused on
prediction and one on facial recognition. A further three studies combined two tech-
niques: two studies combined the approaches of machine learning and natural language
processing for sentiment analysis and automatic review, and one study combined deep
learning and natural learning processing for reading comprehension.

Al software tools

Table 4 summarizes the Al software tools used in the reviewed studies. The most fre-
quently used software tools were the R and Python programming languages, SPSS, and
WEKA (Waikato Environment for Knowledge Analysis); these were followed in popu-
larity by the Facebook Messenger chatbot and LMS Moodle. Some of the other open-
source software packages used were the H20 AI platform, the KNIME (Konstanz
Information Miner) analytic platform, PSPP (a free version of SPSS), and Orange. Some
of the studies used two or three tools simultaneously.

Al algorithms
Table 5 presents a summary of the main Al algorithms employed in the reviewed studies.
The most frequently used Al algorithm was MLP-ANN (Multilayer Perceptron Artificial
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Table 5 Most frequently used Al algorithms and their accuracy rates (%)

Study ID DT Jas KNN LR MLP NB RF SVM
[1] 66

(3] 91.67

[4] 62.7 61.34

[6] 55 55 61 66.24
[10] 90 88 91

[14] 81.5

[15] 69.9 73.5

(71 849 85.2
[18] 94.4

[20] 72 73

[21] 83.92 84.02 84.11

[23] 82.19 83.93 83.45 79.14 88 83.97
[24] 74.5

[25] 99.38 99.29 98.67 95.59 98.55

[28] 20

[31] 90.28

Note. Text in bold indicates the highest accuracy level for each study

DT Decision Tree, KNN k-nearest neighbors, LR logistic regression, ML machine learning, MLP-ANN Multilayer Perceptron
Artificial Neural Network, NB Naive Bayes, RF Random Forest, SVM Support Vector Machines

Neural Network), followed by Random Forest (RF) and Decision Tree (DT). Other algo-
rithms that were used in the studies were Naive Bayes (NB), Support Vector Machine
(SVM), Logistic Regression (LR), k-nearest neighbors (KNN), and J48. MLP-ANN and
RF reported the highest accuracy across the studies. Some of the studies compared sev-
eral algorithms to select the most accurate.

Education topics and issues

RQ3: What education topics and issues are being addressed by Al applications in Latin
American higher education institutions?

The education topics addressed in the studies are categorized into the three processes
of education: learning, teaching, and administration. These educational processes are
related to the three main higher education stakeholders: students, teachers, and edu-
cational authorities. Table 6 presents a synthesis of the reviewed studies according to
education topic.

Learning (students)
Most of the studies focused on how to predict students’ academic performance, men-
tal health and well-being, and post-graduation development. These three topics are
very important in Latin American higher educationinstitutions, and Al techniques
are an alternative means for providing solutions and support to improve the quality of
education.

Student performance Improving students’ academic performance is crucial for higher
education institutions (Helal et al., 2018) but is not an easy task because of the influence
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Table 6 Education topic organized by educational process and major stakeholder

Educational process Education topic Study ID No.of Total
(stakeholder) studies
Learning (student) Student performance [31,[6],[13],[14], [24], [29] 6 1
Student health and well-being [11],[17], [28] 3
Student future development [41,15] 2
Teaching (teacher) Teaching performance [2],[16], [22], [27] 4 7
Assessment and evaluation [18],[19] 2
Teacher-student communication [9] 1
Administration (educational Dropout and retention [11, (8], [20], [23], [25] 5 13
authority) University services (51, [7], [26] 3
University performance (105, [12], [21], (301, 311 5

of different personal, socioeconomical, and institutional factors. For this purpose,
analyses by Al applications can provide interesting insights. For example, Castrillén
et al. (2020) found that student performance was influenced by the academic factors of
teacher pedagogy, appropriate schedules, the teacher—student relationship, teacher aca-
demic quality, and student internship experience. Garcia-Gonzélez and Skrita (2019)
found that the most influential socioeconomic factors were the mother’s education level,
the socioeconomic status of the household, and the number of books in the household.

Student mental health and well-being As well-being is an important condition for
academic achievement, preventing various health issues, such as depression, anxiety,
or interpersonal difficulties, can be effective (Conley et al., 2017). Usually, affected stu-
dents have to approach university services and request help. An alternative is the use of
well-known Al applications called chatbots that can address mental health issues such
as attention deficit hyperactivity disorder (Espinosa Rodriguez et al., 2018), identify sui-
cidal tendencies (Torres Soto et al., 2019), and detect anxiety and depressive symptoms
in university students (Klos et al., 2021) through user interactions.

Student post-graduation development After graduating, students have an expectation
of employability; however, getting a job is difficult for many new graduates. The use of Al
techniques to predict graduate employability has revealed the importance of providing
guidance for graduates to build their careers, assessing quality in higher education pro-
vision (Bridgstock & Jackson, 2019), and researching the behavioral patterns of gradu-
ates (Chacén-Sanchez et al., 2020; Gomez Cravioto et al., 2020).

Teaching (teachers)

The diversity of educational topics found in the analysis indicates that Al could provide
special support to teachers in time-consuming activities and to obtain fast and reliable
data about their courses, teaching activities, and student evaluations.

Teaching performance The evaluation of teacher performance is always important
in measuring the quality of education. However, such evaluations are highly complex
(Gomez & Valdés, 2019). One alternative could be the use of Al applications to analyze
students’ comments and provide feedback to the teacher, suggesting improvements to
the teaching and learning activities (Gutiérrez et al., 2018). Also, the amount of textual
data generated by different educational activities means that Al can provide useful stra-
tegic insights for improvement of teaching and learning processes (Okoye et al., 2020),
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to optimize and improve the monitoring of course performance (Bojorque & Pesantez-
Avilés, 2020) and to extract relevant knowledge outlined on syllabuses while avoiding
typical problems of manual processing (Tapia-Leon et al., 2017).

Assessment and evaluation Assessment is an ongoing process for learning and an
essential part of formal higher education (Khairil & Mokshein, 2018). Online assess-
ment could optimize results, reduce administrative time, promote immediate feedback,
and increase the speeds of grading and student progress (Padayachee et al., 2018). This
is especially true in the case of large student groups, for which these characteristics of
online assessment provide multiple benefits. In this regard, Al technology can play a
role in the automatic review of open questions (Mendoza Jurado, 2020) and in advanced
technology of facial recognition for student attendance assessment (Menezes et al.,
2020).

Teacher—student communication Higher education institutions are looking to make
improvements in teacher—student communication because it can have a positive impact
on the teaching and learning process (Erkan, 2019). One strategy could be to integrate
chatbots in virtual LMS platforms to provide information about learning activities
(Dehon et al., 2018).

Administration (educational authorities)

Many of the reviewed studies focused on the problems of students dropping out of uni-
versity. Other administrative matters considered were university services and university
performance in relation to research, accreditation, and governance.

Dropout and retention One of the main problems in higher education is the high stu-
dent dropout rate, especially in undergraduate courses, and university reforms have
been implemented to reduce the dropout rate (de Pefia & Pérez, 2013). The problem per-
sists, however, because of socioeconomic factors that affect academic achievement. In
this context, Al applications can contribute to forecasting the student dropout rate and
determining the factors that affect their performance (Bedregal-Alpaca et al., 2020; da
Fonseca Silveira et al., 2019; Miranda & Guzmadn, 2017; Santos et al., 2020). It can also
identify at-risk students before they begin their studies (Palacios et al., 2021) so that they
can be provided with greater attention and support to succeed in their academic studies.

University services University online services are now essential for interacting with stu-
dents, teachers, and university staff on diverse academic and administrative activities.
However, it can be time-consuming for university students to search for information on
institutional websites, and it is therefore necessary to provide new communication chan-
nels that allow students to resolve their doubts or concerns about various matters at the
university level (Dagli et al., 2020). Al-supported ways to address this issue could be to
offer Al virtual assistants (chatbots) to enhance the online student experience (Choque-
Diaz et al.,, 2018; Cordero et al., 2020) or to generate datasets containing information
from the university’s official documents (Sayama et al., 2019).

University performance (research, accreditation, governance) Generally, higher educa-
tion institutions are intent on prioritizing the quality of their services, which strengthens
the institutional duties of teaching and research and is reflected in the university’s effi-
ciency and performance (Artiukhov et al., 2021; Kumar, 2017). Interestingly, Al tech-
niques can help to evaluate university performance (Visbal-Cadavid et al., 2019) and to



Salas-Pilco and Yang Int J Educ Technol High Educ (2022) 19:21 Page 16 of 20

support the decision-making process at a strategic level through the timely compilation
of the necessary data (Nieto et al.,, 2019). Meanwhile, accreditation is a benchmark of
higher education performance. Under the new accreditation standards, Latin Ameri-
can universities must be prepared to achieve the best results in the accreditation pro-
cess. To this end, Al applications can be used to analyze student academic results for
university quality accreditation purposes (Delahoz-Dominguez et al., 2020). Research
is another crucial issue for Latin American higher education institutions because in
many advanced higher education systems, universities undertake research as their core
mission alongside teaching. Moreover, research communities play a role in advancing
a country’s development. Therefore, the use of Al to detect scientific communities and
prominent research areas can provide important information for policymakers as they
look to set research priorities (Fiallos et al., 2017; Villasefor et al., 2017).

Conclusions

This systematic review highlights the steps that have been taken to apply AI in Latin
America higher education institutions. Al applications are gradually being adopted in
different forms by higher education institutions in many Latin American countries, such
as Brazil, Colombia, Mexico, Ecuador, Peru, Chile, and Argentina. However, the rate of
Al adoption in education is still slow compared to that in other fields, such as medi-
cine, industry, and finance. Castro et al. (2017) noted the importance of understanding
the Latin American context when studying education in the region, with the main issues
being ensuring access to higher education and student retention and graduation. Moreo-
ver, as Schwartzman (2020) mentioned, Latin American higher education is now fac-
ing new challenges in relation to technological advances that are changing the modes of
knowledge creation and transmission; thus, there is still a need to promote awareness of
the potential benefits of Al-based applications among the stakeholders of higher edu-
cation institutions. The present study provides some evidence-based educational inno-
vations through the application of Al technology in Latin America to address a range
of higher education issues, such as increasing student performance, facilitating teach-
ers’ work, and supporting university services. The results demonstrate that Al is mainly
being used for predictive modelling, intelligent analytics, assistive technology, automatic
content analysis, and image analytics. As studies on Al are increasing and evolving,
future research should keep a close eye on Al development in Latin America and include
both content analysis and in-depth quantitative analysis of relevant studies.

One issue that emerged from this review is a lack of attention to ethics and data pri-
vacy. Few of the reviewed studies, in which Latin American researchers implemented
Al technologies in the education sector, mentioned ethical clearance. It therefore seems
there is still a need to establish protocols for personal data protection during educational
data collection. As Siemens (2019) stated, there is a need for careful consideration of
ethics and privacy in education research.

In summary, this review provides practitioners, researchers, and decision-makers with
insights into diverse uses of Al in Latin American higher educationinstitutions. The main
lessons learned are as follows: (a) Latin American researchers are helping to enhance
the understanding of the potential of Al for educational innovation; (b) AI applications
contribute to addressing a diverse range of learning, teaching, and administration issues
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inside higher education institutions; (c) the recognition that AI applications can help to
improve higher education quality. Finally, it is important that more educational stake-
holders and decision-makers become involved and understand the benefits that Al tech-
nologies could bring to the Latin American higher education system.
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