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Abstract
This study examines whether the use of AI-Pengtalk, an AI-based Conversational English programme, provided by a broad-
casting company (EBS) that specializes in public education can significantly improve conversational English skills and 
bridge the English language proficiency gap associated with parental socioeconomic status. Over the course of four weeks 
from April 27 to May 22 in 2020, 108 fourth-grade classes in 54 elementary schools voluntarily participated in this experi-
ment. Two classes in each school were designated as a treatment group and a control group. For the treatment group, a tablet 
installed with a pilot version of AI-Pengtalk was provided and students were encouraged to make use of the programme. Two 
sets of surveys and English tests were placed pre and post hoc. After 4 weeks, test scores, log files, and survey responses 
of participants were analysed. A series of DID analyses demonstrate that the use of AI-Pengtalk improves the treatment 
group’s self-evaluation of their English abilities, confidence in using English, preference on English itself, and amount of 
time spent on studying English during the pilot experimental period compared to the control group. When other variables 
were controlled, the use of AI-Pengtalk also helped the treatment group achieve higher test scores. This study implicates 
that the use of smart English education like AI-Pengtalk may especially be able to better compensate for academic setbacks 
caused by low parental SES or, in the case of English learning, the reluctance to converse in English with other students.

Keywords Data science applications in education · Distance education and online learning · Human–computer interface · 
Mobile learning

1 Introduction

English is not a primary language in Korea. As a result, very 
few people find themselves using English for communication 
purposes in their daily lives, which results in English being 
taught (particularly in the early stages of education) purely 
in the context of an academic subject. Korea’s primary edu-
cation is provided on both a public and private basis, and 
each type provides a different quality of education. In the 
case of English, public schools often utilize Korean teachers 
lecturing to students in a non-native context. However, pri-
vate schools can afford to hire native English teachers while 
also providing a wide array of extracurricular activities to 
further foster learning. Due to this discrepancy in budgets, 
private schools are more expensive than public schools. Con-
sequently, children’s English proficiency is influenced by 
parental socioeconomic status (henceforth, SES). This gap 
is larger for other subjects, such as mathematics [1, 2], but 
in the context of students’ English skills, it widens as further 
English education takes place outside the regular curriculum 
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of schools, such as in private institutions or homes. Many 
Korean children learn English at private institutions with 
full financial support from their parents, which may occur 
before a student even enters elementary school and tends to 
continue alongside the regular curriculum.

EBS, the South Korean public educational broadcast-
ing service, has been making continuous efforts to compete 
with expensive private education by providing quality online 
education for free. It provides recorded lectures on many 
subjects, including but not limited to English. This feature of 
EBS came into the spotlight as the need for online education 
increased with the COVID-19 outbreak. During the onset 
of the pandemic, many schools were forced to switch from 
offline classes to e-classes to prevent the spread of COVID-
19. However, most schools at the time lacked the capacity 
and infrastructure to offer quality online classes. To prevent 
the complete suspension of public education, the govern-
ment requested that EBS provide online class materials for 
elementary, middle, and high school students. However, 
online classes with recorded one-way lectures that lacked 
interaction between teachers and students had difficulty 
motivating or capturing the academic interest of students. 
In addition to concerns about the overall degradation of the 
quality of education, it was expected that the gap in students’ 
learning incurred by differences in parental SES would be 
exacerbated during the pandemic. Such gaps were likely to 
become larger for elementary English education, which is 
largely influenced by students’ parents. A study conducted 
in Japan in 2002 showed that the gap widened as Satur-
day classes in schools were cancelled, resulting in students 
spending more time at home [3].

Before the outbreak of COVID-19, EBS started a project 
to develop an artificial intelligence-based English tutoring 
platform called AI-Pengtalk with technical support from 
the Electronics and Telecommunications Research Institute 
(ETRI) and the NHN consortium. Pengsoo, the mascot of 
EBS that is very popular with children, is an AI English 
teacher that teaches English conversation through an educa-
tion platform called AI-Pengtalk. Pengsoo is equipped with 
ETRI’s perception and learning algorithms, and AI-Pengtalk 
adopted NHN’s game-design elements and game principles.1 
This project was funded by the Ministry of Education in 
South Korea. The original EBS plan was to provide AI-
Pengtalk as a supplement for English classes in schools. Due 
to the outbreak of the COVID-19 pandemic, AI-Pengtalk 
was introduced earlier than planned to supplement online 
English classes. Accordingly, a study to test the effectiveness 
of AI-Pengtalk was conducted ahead of the original plan. 
Through nationwide recruitment, 108 fourth-grade classes in 
54 elementary schools voluntarily participated in this study. 

In each school, one class was randomly selected to use AI-
Pengtalk in English classes, while another class was told to 
use EBS’s conventional online materials. The experiment 
was conducted over the course of four weeks, from April 27 
to May 22, 2020.

This paper aims to investigate whether AI-Pengtalk con-
tributes to improving students' English proficiency and atti-
tudes towards English. It also aims to determine whether AI-
Pengtalk mitigates the disparity in English ability caused by 
differences in students’ endowment, including parental SES. 
Data obtained from the experiment, such as pre- and post-
experiment English test scores, were used for the empirical 
exercise.

2  Related literature

Artificial intelligence (AI), enhanced with the recent devel-
opment of big data and machine learning, has been applied 
to education services. AI that has the explicit purpose of 
tutoring has various names. For example, a chatbot, a port-
manteau of “chat” and “robot”, is a computer programme 
with the ability to connect with a human using natural lan-
guage speech [4]. Early chatbots were chiefly text-based 
programmes that understood and answered text entered by 
users. Recently, however, they have been developed into 
voice-based operations or multimedia files that can be used 
to communicate through a combination of STT (sound-to-
text) and TTS (text-to-sound) technologies. Chatbots can 
provide immediate user feedback through dialogue during 
learning and customized content based on feedback, mak-
ing interaction very easy. Because of these characteristics, 
they are mainly used in the field of education with a focus 
on language. Duolingo, the quintessential example, uses AI 
technology to conduct real-time conversations with people 
in specific situations. Eggbun conducts learning based on 
an interactive interface and is designed to enable feedback 
through preset menus and answers for word and sentence 
learning. Other types of chatbots currently being developed 
and used for language studies include Alexa (developed 
by Amazon), Google Assistant (developed by Google), 
and Cleverbot (developed by the British scientist Rollo 
Carpenter).

Recently, research has been conducted to determine the 
possibility of using AI-based software for learning English 
and its educational effectiveness [5–11]. Randall [12] pro-
vides an in-depth literature review on the effects of using 
robots in language learning. One of the most representa-
tive studies is Köse and Arslan [5], which was conducted 
among university students in Turkey, Italy, and Romania. In 
this study, researchers compared a control group in which 
English classes were conducted using only the conventional 
face-to-face method and an experimental group that used 

1 NHN is a Korean cloud company. NHN started its business as a 
game company, “Hangame”.
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both the face-to-face method and AI-based online learn-
ing software, as shown in Fig. 1. They found that higher 
academic performance and test scores were achieved when 
AI-based online learning software was combined with the 
existing method [5].

The main advantages of AI-based learning software are 
that learners can learn autonomously at their own pace; 
learning materials are provided according to each learner's 
level; learning is possible anytime and anywhere and without 
time and space constraints, which is convenient for repeti-
tive learning; and it can lead to increased motivation, an 
increased sense of ease and comfort in a learning environ-
ment, the stimulation of essential learning behaviours, and 
increased smoothness of information and communication 
processes [5, 6, 13–17]. However, AI chatbots continue to 
be limited in their capacity to train students’ conversational 
English skills. It has been observed that AI chatbots often 
fail to recognize non-native speakers’ English pronuncia-
tion and that conversations on free topics with AI chatbots 
remain limited due to the lack of availability of a knowledge 
database for dialogue [18–22].

Despite the rapid expansion of AI technology in second-
language education, there are few studies that evaluate its 
effectiveness using the actual academic performance data 
of participants. Some studies use test scores to show the 
effect of robot-assisted language learning. However, the data 
used in these studies are apparently not generated by a rand-
omized experimental design and/or include limited samples. 
For example, Ruan et al. [9] used 60 samples collected from 
voluntary participants at a university in China to statistically 
evaluate the learning benefits of EnglishBot. Wang et al. [23] 
used 327 samples collected from a primary school in China; 
therefore, their sample represented only a limited part of 
the entire population or peer group. To our knowledge, this 
study is the first to conduct a nationwide randomized experi-
ment, collect students’ academic performance data, and 

empirically test whether using AI-based software improves 
students’ conversational English learning.

3  Study design

3.1  AI‑Pengtalk, a two‑way English tutoring AI

AI-Pengtalk is a chatbot (chat robot) powered by AI that 
interacts with students, perceives their personality and lan-
guage skills, and provides customized English conversation 
classes. As shown in Fig. 2, the popular mascot of EBS, 
Pengsoo, is introduced as a native English teacher and/or as 
a friend in Al-Pengtalk. According to Randall [12], humans’ 
perception of the emotional expressions of AI plays a cru-
cial role in human–robot interaction. AI-Pengtalk therefore 
employs Pengsoo and uses facial expressions and body 
movements to convey actions, intentions, and emotions.

AI-Pengtalk works in both online and offline educational 
environments to enable students to learn English regardless 
of their location. The content of AI-Pengtalk for fourth grad-
ers was developed based on the content of the five most 
commonly selected English textbooks in Korea. It is built 
on advanced machine learning technology, including artifi-
cial intelligence and voice recognition. Students can have 
real conversations with the 3D character “Pengsoo” and see 
the scores of their conversation practice immediately. AI-
Pengtalk is linked with a scientific LCMS (Learning Con-
tent Management System), which uses learning big data 
to enable students to learn English with minimum effort 
(Fig. 3). When students interact with an AI-embodied tutor 
(software), they feel less nervous about making mistakes [9, 
23, 24]. Furthermore, the app used in this study, AI-Peng-
talk, encourages students to talk and practice repeatedly and 
regularly. This helps students build confidence in English 
over time [25].

Fig. 1  The main steps of analy-
sis and processing to perform 
human–computer conversa-
tion source: Abdul-Kader and 
Woods (2015)
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Intonation, one of the most difficult aspects for second-
language English learners, can be improved by real-time 
visualization of a student’s own intonation compared with a 
prerecorded native speaker (see Fig. 4).

The effectiveness of immediate feedback with visualiza-
tion has been well addressed by previous studies [26, 27]. 
Teachers are able to closely monitor students’ learning sta-
tus through the teacher’s portal on the website. Moreover, 
teachers can check the overall status of students’ progress 
before class and plan upcoming classes accordingly. Teach-
ers trace how students have studied with AI-Pengtalk, the 
duration of their study time, and their progress in more than 

five categories, such as "Topic World”, “Speaking”, “Let’s 
Talk”, “Scan It”, and “School Talk”. During class, teachers 
can use AI-Pengtalk for both individual and group work. 
After class, students can continue their studies and reflect 
upon feedback from their teachers (Fig. 5).

3.2  Experimental design

We used a randomized control trial that randomly assigned 
AI-Pengtalk users. Figure 6 depicts the study design. Reflect-
ing the regional distribution of all elementary schools nation-
wide, we set the target number of school participants for 18 

Fig. 2  Pengsoo in “AI-Peng-
talk”

Fig. 3  AI-Pengtalk system
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regions. There are 17 provinces in Korea, but we assigned 
2 regions to Seoul given the high level of heterogeneity 
between the Gangnam and non-Gangnam areas of Seoul. 
With the help of the Ministry of Education and the use of 
EBS’s school network, we recruited schools nationwide to 
voluntarily participate in the study. A school that was inter-
ested in this study could join the experiment through the 
EBS English website. When the target number of schools for 
a region was met, we closed the application window in the 
region. We ultimately found a total of 54 schools interested 
in taking part. In each school, two fourth-grade elementary 
classes taught by an English teacher were selected, one for 
the treatment group and the other for the control group. A 
total of 940 fourth graders across the country participated in 
our AI-Pengtalk experiment. Students in the treatment group 
(T) used AI-Pengtalk in English conversation classes. Stu-
dents in the control group (C) used EBS’s traditional online 
content in English conversation classes. This separation was 

maintained during the study period from April 27 to May 22 
in 2020. After the study period, AI-Pengtalk became avail-
able to every fourth-grade student in Korea.

Two sets of English tests were taken before and after the 
experiment2 to measure students' level of improvement in Eng-
lish proficiency. In addition to test scores, responses obtained 
from the two surveys were used in our analysis. Surveys were 
conducted using Google Online Survey. The pre hoc survey 
included questions about attitudes towards English (such as 
confidence in English, subjective evaluation of English skills, 
interest, motivation, and desire for English skills), self-evalu-
ated level of English proficiency, and previous personal efforts 
for improvement (such as study hours and English learning 
methods). The questionnaire was made by EBS with the 

Fig. 4  English conversation 
analysis in AI-Pengtalk 

Fig. 5  AI-Pengtalk learning system

2 Before the experiment began, the guardians (parents) of all students 
in both groups submitted consent for collection of students’ personal 
information.
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assistance of teachers participating in this study. The post hoc 
survey contained identical questions. In the follow-up survey, 
questions on the experience of using AI-Pengtalk were added 
for students in the treatment group. As shown in Table 1, not 
all participants completed the two sets of surveys and tests. In 
the control group, the proportion of first-test participants who 
took the second test was only 60.2%, and the proportion that 
completed the two surveys was even lower (51.2%). In the 
treatment group, the response rate was higher: the proportion 
of participants that took both tests was 70.6%, and the propor-
tion that completed both surveys was 58.4%.

3.3  Sample characteristics and tests 
for randomization balance

The first plot of Fig. 7 compares the distributions of Eng-
lish conversation test scores for students in the control and 
the treatment groups before the experiment and shows 

insignificant levels of difference in the test scores across the 
two groups. Table 2 summarizes the learning-related apti-
tudes and personal characteristics of students in both groups. 
The last column of Table 2 shows the t test results and con-
firms that the randomization was successful since there was 
no statistically significant difference in the attributes of par-
ticipants’ personalities across the two groups at baseline.

Fig. 6  Setting samples for this 
study

Table 1  The number of students who took part in surveys and tests

Note: The proportion of students who took part is shown in parenthe-
sis

Survey Test

Before After Before After

C group 241 234 457 275
T group 311 282 483 341
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Table 3 also summarizes the responses of the survey con-
cerning whether participants had learned English conversa-
tion at school or outside the school before the experiment. 
As shown in the shaded area of Table 3, the proportion of 
students who learned English conversation with native or 
Korean English teachers either at school or at private insti-
tutes was not statistically the same across the two groups 
over the entire education period up until fourth grade. The 
last column of Table 3 shows the corresponding t test out-
comes. With the exception of five cases, there were no sig-
nificant differences in English-speaking learning experiences 
between the two groups. It would not be desirable to conduct 
an experiment on two groups with different prior learning 
experiences. However, the students’ experiences with con-
versational English education immediately before the experi-
ment (the 1st semester of fourth grade) were not significantly 
different between the two groups (see Fig. 7). Therefore, 

if students with poor endowments, such as unfavourable 
parental SES, physical disability, or introverted personali-
ties, showed improvement in their conversational English 
abilities after the use of AI-Pengtalk for four weeks, this 
would suggest that there is potential to overcome the gap in 
English proficiency associated with the presence of unequal 
endowment. The second null hypothesis was established to 
test this differentiated impact of AI-Pengtalk.

3.4  Testing hypothesis and estimation model

If AI-Pengtalk is an effective tool for teaching conversa-
tional English, students in the treatment group should show 
improvements in their test scores and in their attitudes 
towards English after the experimental period when com-
pared to the control group. Therefore, changes in test scores, 
attitudes towards English, and self-confidence in English 

Test scores (pre-hoc) Learning from private native 
teachers when age < school age***

Learning from private native 
teachers in 1st grade***

        No      Yes         No      Yes 
Learning from private native 

teachers in 2nd grade***
Learning from private native 

teachers in 3rd grade
Learning from private native 

teachers in 4th grade

No      Yes         No      Yes         No      Yes
Learning from private Korean 

teachers in 2nd grade
Learning from private Korean 

teachers in 3rd grade***
Learning from private Korean 

teachers in 4th grade

        No      Yes          No      Yes        No      Yes

Note: The statistical significance level of the difference is *p<0.1, **p<0.05, ***p<0.01.

Fig. 7  Distribution of samples across treatment and control groups at baseline
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were set as variables of interest. We evaluated the effect of 
AI-Pengtalk in improving a student’s English conversation 
skills. In Table 4, C

0
 and C

1
 are the respective expected test 

scores of a student in the control group before and after 
the experimental period. T

0
 and T

1
 are the counterparts of 

a student in the treatment group. A difference between the 
two periods, ( T

1
 T

0
 ), is attributed by two compound learn-

ing effects: the effect of conventional English classes and 
the effect of studying with AI-Pengtalk for a fourth-grade 
student in the treatment group. In other words, the net effect 
of AI-Pengtalk has not yet been isolated. A group difference 
after the experimental period, ( T

1
 C

1
 ), includes not only the 

effect of AI-Pengtalk but also the students’ characteristics 
that can influence test scores.

The difference-in-differences (DID) estimator is fre-
quently used to account for these confounders. DID is cal-
culated through the formula ( T

1
–C

1
)–(T

0
–C

0
 ), as shown in 

Table 4, after obtaining the mean values of the variables 
of interest for two time periods (0 and 1) in the control and 
the treatment groups (C and T). Through this method, the 
net learning effect of AI-Pengtalk can be extracted. The null 
hypothesis ( H

0
 ) assumes that the DID value, ( T

1
–C

1
)–(T

0

–C
0
 ), is equal to zero. If the null hypothesis is not rejected, 

we can conclude that the use of AI-Pengtalk does not offer 
additional effects in improving the English conversation 
skills of participating students in the treatment group. If the 
null hypothesis is rejected and the DID value is significantly 
positive, it implies that the use of AI-Pengtalk improves stu-
dents’ English conversation skills.

4  Analysis of experimental outcomes

4.1  AI‑Pengtalk and English test scores

The effectiveness of using AI-Pengtalk in improving Eng-
lish test scores was examined by comparing the scores of 
pre and post hoc tests between the control and treatment 
groups. As shown in Table 5, both groups showed a large 
decrease in average scores in the post hoc test. The pre hoc 
test was set to evaluate students’ English proficiency at a 
third-grade level, whereas the post hoc test was set to evalu-
ate proficiency at the level of a 1st-semester fourth-grader 
and was therefore substantially more difficult. Hence, it is 
possible to observe drops in the groups’ average scores. As 
shown in Table 5, the average score of the control group 
decreased by 22.1, while the average score of the treatment 
group decreased by 19.7. The average score of the treatment 
group decreased by less than that of the control group by 
2.4, although the better performance demonstrated by AI-
Pengtalk users was statistically insignificant (Fig. 8).

H
0
∶ E

[
Y
t=1

− Y
t=0

|T = 1

]
= E

[
Y
t=1

− Y
t=0

|T = 0

]

→

(
T
1
− C

1

)
−

(
T
0
− C

0

)
= 0

H
A
∶

(
T
1
− C

1

)
−

(
T
0
− C

0

)
≠ 0

Table 2  T test results: learning-
related aptitude and personality

Note: Responses were obtained on a 5-point scale (1 = Strongly Disagree 2 = Disagree 3 = Unsure 
4 = Agree 5 = Strongly Agree). The difference between groups is the mean of the experimental group 
minus the mean of the comparison group. The statistical significance level of the difference is *p < 0.1, 
**p < 0.05, ***p < 0.01. A difference without a significance sign (*) means that there is no significant dif-
ference between the two groups (this applies throughout this paper)

Items C Group
(C

0
)

T Group
(T

0
)

Difference
(T

0
− C

0
)

I am interested in learning something or studying 3.59 3.50  − 0.09
I like to talk 3.87 4.00 0.13
I am good at handling computers 3.14 3.10  − 0.04
I am good at handling smart devices 3.72 3.67  − 0.05
I am familiar to using apps for learning 3.42 3.46 0.04
I always try something new when I think it will be fun 4.01 3.99  − 0.01
I am afraid of making a mistake 3.20 3.28 0.08
I tend to be shy 3.01 2.93  − 0.08
I feel uncomfortable talking with my teacher for more than 20 min 2.36 2.23  − 0.13
I do not want to do what I'm not good at in the presence of other people 3.23 3.17  − 0.06
I feel uncomfortable meeting foreigners 2.46 2.59 0.12
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4.2  AI‑Pengtalk and self‑evaluated improvement 
in English conversational skills

A DID approach was employed to test whether the use of 
AI-Pengtalk provided students with the feeling that their 
English conversational skills improved. To answer this ques-
tion, data on students’ self-assessments of their perceived 
levels of improvement in their English conversational skills 
obtained through surveys were used. The students’ responses 
were measured on a 4-point scale (0 = not improved at all, 
1 = slightly improved, 2 = somewhat improved, 3 = improved 

a lot). After the experimental period, self-assessed levels of 
improvement were 0.34 for the treatment group, which were 
much larger than the levels for the control group (0.13). The 
DID value of 0.21 was positive and statistically significant 
enough to reject the null hypothesis at the 1 per cent signifi-
cance level (p < 0.01). This is depicted in Fig. 9 

We further investigated students’ responses to seven 

questions asked in the pre- and post-surveys. Responses 
were obtained on a 5-point scale: 1—strongly disagree, 2—
disagree, 3—uncertain, 4—agree, and 5—strongly agree. 
As shown in Table 6, which summarizes the questions 
and responses of the students, the degree of self-assessed 
improvement in conversational English skills was higher in 
the treatment group than in the control group. This finding 
is supported by the positive DID values shown in the last 
column of Table 7. This value was significantly positive, so 
we can reject the null hypothesis for three questions: “I can 

Table 3  T test outcomes: the proportion of students with experience in conversational English education

Note: The statistical significance level of the difference is *p < 0.1, **p < 0.05, ***p < 0.01

Item C Group
(C

0
)

T Group
(T

0
)

Difference
(T

0
− C

0
)

Before entering elementary school (i.e. kindergarten) Learning from Korean school teachers 0.15 0.15 − 0.01
Learning from native school teachers 0.03 0.02 − 0.01
Learning from Korean private teachers 0.31 0.31 0.00
Learning from native private teachers 0.10 0.03 − 0.07 ***

In the 1st grade of elementary school Learning from Korean school teachers, 0.12 0.16 0.05 *
Learning from native school teachers 0.07 0.05 − 0.03
Learning from Korean private teachers 0.29 0.26 − 0.03
Learning from native private teachers 0.11 0.04 − 0.07 ***

In the 2nd grade of elementary school Learning from Korean school teachers 0.07 0.11 0.04
Learning from native school teachers 0.04 0.02 − 0.02
Learning from Korean private teachers 0.41 0.42 0.01
Learning from native private teachers 0.12 0.05 − 0.06 ***

In the 3rd grade of elementary school Learning from Korean school teachers 0.37 0.53 0.16 ***
Learning from native school teachers 0.14 0.12 − 0.01
Learning from Korean private teachers 0.37 0.26 − 0.11 ***
Learning from native private teachers 0.08 0.06 − 0.02

In the 1st semester of the 4th grade of elementary school Learning from Korean school teachers 0.23 0.27 0.04
Learning from native school teachers 0.08 0.06 − 0.02
Learning from Korean private teachers 0.41 0.41 0.00
Learning from native private teachers 0.10 0.08 − 0.02

Table 4  DID: pre- and post-comparison between two groups

Control group 
(C)

Treatment 
group (T)

DID value

Before After Before After

Variable C
0

C
1

T
0

T
1

(
T
1
− C

1

)
−

(
T
0
− C

0

)

Table 5  The DID value: English 
Test Scores

Note: DID = 
(
T
1
− C

1

)
−

(
T
0
− C

0

)

Comparison group Experimental group DID value

Before After Before After Value
1 P value

Test Scores: Assessment Result 85.49 63.40 83.69 64.00 2.41 0.411
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Fig. 8  Box plots for English test 
scores

Control 
group 

Treatment 
group 

Control 
group 

Treatment 
group 

[Before the experiment] [After the experiment] 

Fig. 9  Box plots for students’ 
self-assessments of their 
English conversational skill 
improvement

Control 
group 

Treatment 
group 

Control 
group 

Treatment 
group 

[Before the experiment] [After the experiment] 

Table 6  The DID value: Self-Evaluation of English Conversational Skill Improvement

Note: The question with a 4-point scale was processed into a 0–3 point scale (0 = Not Improved At All, 1 = Slightly Improved, 3 = Somewhat 
Improved, 4 = Improved a Lot)

Comparison group Experimental group DID value

Before (C
0
) After (C

1
) Before (T

0
) After (T

1
) Value P value

Self-evaluation on English Improvement over the Past Month 1.21 1.34 1.07 1.41 0.21 0.001
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listen and repeat simple English sentences”; “If I go to a 
grocery market in a foreign country, I can order and pay for 
five of my favourite fruits in English”; and “If I go to a lost 
and found in a foreign country, I can ask if they found my 
lost blue hat in English”. It should be noted that the propor-
tion of students who learned English from native teachers 
was lower for the treatment group than for the control group 
(see Table 3 and Fig. 7). Having students study with AI-
Pengtalk may ameliorate this discrepancy.

4.3  AI‑Pengtalk and English study hours

The pre and post hoc surveys asked students how many 
hours they spent studying English, including study hours at 
school or private institutions, online classes, and self-study 
hours. If the DID value is positive and statistically signifi-
cant, we can reject the null and conclude that a student’s 
English study hours will increase when he or she studies 
with AI-Pengtalk. Table 8 summarizes the average number 
of students’ English study hours and the DID values. Since 
the number of study days included private tutoring days, 
which were assumed to have decreased in frequency due 
to COVID-19, a decrease in the number of English study 
days was expected. However, the use of AI-Pengtalk seems 
to have prevented a decrease in the number of days students 
spent studying English. While the average number of days 
the control group spent studying English decreased by 3.68, 
it decreased by only 2.34 for the treatment group. The aver-
age number of English study hours increased by 0.07 for 
the treatment group and decreased by 0.02 for the control 
group. Similarly, the average number of hours spent self-
studying English increased by 0.09 for the treatment group 
but decreased by 0.02 for the control group. Every difference 
was statistically significant, so we rejected the corresponding 

null hypothesis. These numbers demonstrate that the use of 
AI-Pengtalk is effective in increasing the time that students 
spend studying English.

Not all students completed the full four-week experiment. 
In this case, comparing the average test scores of the two 
groups was likely to obscure the effectiveness of AI-Peng-
talk. Instead, we compared English study hours during the 
experimental period. We obtained these data by examining 
the log files of the participants in the control and treatment 
groups using EBS’s conventional English class website 
and the AI-Pengtalk platform, respectively.3 As shown in 
Table 9, the number of hours spent studying was longer for 
the treatment group (4,123 s on average, 1.15 h) with AI-
Pengtalk compared with users of conventional classes (363 s 
on average). Within the treatment group, the standard devia-
tion of the students’ AI-Pengtalk usage time was very large. 
There was a student who, with a minimum value of 10 s, 
did not actually use the service, and there was also a student 
with a maximum value of 42,118 s (11.7 h). Therefore, the 
effectiveness of AI-Pengtalk was remeasured using a regres-
sion model with value-added specification. As emphasized 
in [28], the concept of value added is highly useful in the 
modern economics of education because an increase in study 
hours implies increased input in the education production 
function. Table 9 shows the relationship between post hoc 
test scores and AI-Pengtalk usage time.4 When controlling 
for pre hoc test scores, the post-assessment scores increased 
by 2.34 points for each one-hour increase in AI-Pengtalk 

Table 7  DID values: self-assessed English-speaking ability

Note: Responses on a 5-point scale: 1 = Strongly Disagree 2 = Disagree 3 = Unsure 4 = Agree 5 = Strongly Agree
The statistical significance level of the difference is *p < 0.1, **p < 0.05, ***p < 0.01

Item Comparison (control) 
group

Experimental (treat-
ment) group

DID value

Before (C
0
) After (C

1
) Before (T

0
) After (T

1
)

(
T
1
− C

1

)
−

(
T
0
− C

0

)

① I can listen and repeat simple English words 4.27 4.10 4.27 4.22 0.12

② I can listen and repeat simple English sentences 4.13 3.91 3.96 3.98 0.23 ***
③ I can introduce myself in three or more English sentences 3.64 3.52 3.54 3.55 0.14
④ I can say appropriate English greetings in the morning and at night 4.00 3.90 3.93 3.93 0.10
⑤ If I go to a grocery market in a foreign country, I can order and pay 

for five of my favourite fruits in English
3.41 3.26 3.23 3.31 0.22 **

⑥ If I go to the lost and found in a foreign country, I can ask if they 
have my lost blue hat in English

3.04 3.03 2.85 3.08 0.24 **

⑦ If I have a foreign friend, I can ask what sport he or she likes and 
how to play it in English

3.16 3.39 3.01 3.28 0.05

3 Upon the request of teachers who participated in the experiment, 
regardless of whether students were in the experimental group or the 
control group, they were allowed to use AI-Pengtalk after the end of 
the experiment. We collected log files from May 25 to May 31.
4 For convenience of interpretation, the unit was converted from sec-
onds to hours.
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usage (see Model (1)). Compared to Model (1), Models (2) 
and (3) employed additional explanatory variables such as 
learning-related aptitude.5 The estimation results from Mod-
els (2) and (3) also support the effectiveness of study time 
using AI-Pengtalk in improving English test scores Table 10.

4.4  AI‑Pengtalk and students’ attitudes 
towards English

A positive attitude towards English is important for students 
to study steadily and achieve long-term learning outcomes. 
In this regard, students responded to the following six items: 
“I am good at English”; “Studying English will help me 
do what I want to do later”; “I am interested in studying 
English”; “I do my best when I study English”; “I like to 
speak English”; and “I want to improve my English skills a 
lot”.  Table 11 reports the summary statistics of the students’ 
responses and the DID values. Before the experiment, the 
control group generally had more positive attitudes towards 
English than the treatment group. However, the positive 
attitudes of the control group became weaker for all ques-
tions after the experiment. Students in the treatment group 
showed similar changes for most questions, but the down-
wards slopes were smaller than those of the control group. 
The DID values were uniformly positive, and four were 

statistically significant to reject the null hypothesis. These 
results imply that AI-Pengtalk helped students have positive 
attitudes towards English.

5  Conclusion

5.1  Summary

This paper examined whether AI-Pengtalk, an AI-based con-
versational English programme, is useful in learning con-
versational English and narrowing the English ability gap 
associated with differences in parental SES. To test this, 108 
fourth-grade classes in 54 elementary schools voluntarily 
participated in an experiment over the course of four weeks 
from 27 April to 22 May 2020. One of the two classes in 
each school was designated as the treatment group, while the 
other was designated as the control group. For the treatment 
group, a tablet with AI-Pengtalk installed was provided. Two 
sets of pre  and post hoc surveys and English tests were 
conducted. After four weeks of using AI-Pengtalk, the test 
scores, log files, and survey responses of the participants 
were analysed. A series of DID analyses demonstrated that 
the use of AI-Pengtalk improved students’ self-confidence 
in their English skills and overall interest in English and 
increased their amount of English study time.

This study shows that AI-Pengtalk is worth applying to 
customized learning and/or remote education. AI-Pengtalk 
is designed to evaluate a student’s English proficiency level, 
adjust the class accordingly, and enhance learning with a 
pedagogy customized to each student. If students feel some-
thing is lacking after class, repetitive learning is possible in 
the AI-Pengtalk app. This is even more valuable in abnormal 
situations such as the onset of COVID-19, which involves a 

Table 8  Comparisons of 
English study time between the 
two groups

Control 
group 
(prior)

Control 
group 
(post)

Treatment 
group 
(prior)

Treatment 
group 
(post)

DID value P value

Average Number of Study Days 12.85 9.17 11.63 9.29 1.33 0.057
Average Hours of Study 0.93 0.91 0.81 0.88 0.08 0.066
Average Hours of Self-Study 0.65 0.63 0.59 0.68 0.11 0.004

Table 9  AI-Pengtalk Use Time (unit: second)

Observed 
values

Mean Standard 
deviation

Minimum Maximum

Control group 457 363 1,572 0 23,103
Experimental 

group
369 4,124 5,358 10 42,118

Table 10  AI-Pengtalk use time 
(unit: hour) and English test 
scores after the experiment

Note: The statistical significance level of the difference is *p < 0.1, **p < 0.05, ***p < 0.01

(1) (2) (3)

Estimated 
Coefficient

t value Estimated 
Coefficient

t value Estimated 
Coefficient

t value

Intercept − 10.961 − 2.22** − 11.358 − 1.48 − 14.927 − 1.50
Prior Test Score 0.923 15.07*** 0.801 11.71*** 0.749 10.03***
AI-Pengtalk Use Time 2.335 5.13*** 2.056 3.84*** 2.153 4.29***
R
2 0.459 0.515 0.549

5 Table 11 shows only part of the estimation outcomes of Models (2) 
and (3). Appendix A provides the entire outcome.



1245Universal Access in the Information Society (2024) 23:1233–1248 

1 3

considerable need for non-face-to-face education with social 
distancing policies. This smart education can help under-
performing or introverted students learn the basics through 
a non-face-to-face method, and it can motivate students 
through immediate feedback and video game-like immer-
sion. AI-based customized education can provide greater 
help, especially to academically low-achieving students and/
or students with low levels of parental SES. Therefore, this 
study advocates the introduction of such a system in schools 
through public support6 to increase English education effi-
cacy and narrow the educational gap.

5.2  Discussion and limitations of this study

Young students from low-income households or families 
living in less-developed rural counties are unlikely to have 
opportunities to learn English conversation with native Eng-
lish tutors. This results in an English conversation capacity 
gap between students with high parental SES and those with 
low SES. Our study finds that the effect of using Al-Pengtalk 
to improve English conversational learning is larger for stu-
dents without native English-speaking tutor experience than 
for their counterparts. Given that education is one of the 
most representative public goods, it is recommended that 
the government expand the use of AI technology in English 
education to achieve one of the Sustainable Development 
Goals, “Leaving No One Behind”. It should also be noted 
that students’ endowment includes not only their parents’ 
SES but also their physical conditions and/or social skills. 
Compared to offline learning, obstacles faced by students 
with inabilities are quite marginal. Additionally, the partici-
pants of this study mentioned that they were more comforta-
ble having English conversations with AI-Pengtalk than with 
a human [9, 23, 24]. The emotional benefits were specifically 
larger for students who identified themselves as being shy. 

As suggested in a previous study [30], AI-Pengtalk can pro-
vide more personalized learning and guidance to students 
with special needs.

English conversation is one of the most difficult subjects 
to teach with a robot because there are many unstructured 
elements and no predetermined conclusions. The effective-
ness of robotic teaching in this area means that there is great 
potential for robots to improve learning in other subjects as 
well. Especially in subjects with many predetermined out-
comes, such as math, physics, and chemistry, robot teachers 
can enhance learning by visualizing or repeating existing 
knowledge at a pace appropriate to the student's level. How-
ever, this does not mean that a robot teacher can replace 
human teachers entirely. Robotic teachers are effective for 
students who are already self-regulated or self-motivated 
but are less effective for those without these characteristics. 
In addition, native language education is an area that does 
not show promise with the use of AI. This is because habit 
formation and repetitive practice, which are essential to lan-
guage learning, are naturally supplied in everyday life in the 
case of the mother tongue.

This study has several limitations. The post-outcomes 
used in this study were test scores and responses to a post-
survey conducted after the four-week experiment. There-
fore, this study tested the impact of the use of AI-Pengtalk 
on short-term changes in students’ English conversational 
performance and their attitudes towards English conversa-
tion. In other words, long-term effects were not included 
in the scope of this study. In addition, as AI-Pengtalk pro-
vides students with various learning modules, it is expected 
that its effectiveness depends on students’ module choices. 
This study did not take this into account when evaluating 
the impact of AI-Pengtalk. Therefore, follow-up studies are 
needed to increase the credibility of the research findings 
by measuring whether the actual AI usage data and actual 
learning results match [12]. We plan to address these topics 
in future studies and to provide guidelines that can be used 
for developing AI-assisted language learning software.

Table 11  Students’ attitudes 
towards English

Control group Treatment group DID value

Before After Before After Value P value

I am good at English 3.48 3.35 3.32 3.46 0.27 0.007
Studying English will help me do what I 

want to do later
4.30 4.01 4.26 4.20 0.22 0.014

I am interested in studying English 3.66 3.38 3.54 3.43 0.17 0.051
I do my best when I study English 3.90 3.85 3.91 3.88 0.02 0.797
I like to speak English 3.27 3.17 3.23 3.19 0.06 0.521
I want to improve my English skills a lot 4.58 4.42 4.50 4.46 0.12 0.093

6 The Ministry of Education [29] announced its plan to provide cus-
tomized education in Korean, English, and math using artificial intel-
ligence to elementary school students to prevent learning loss and gap 
widening due to COVID-19. AI-based adaptive learning will also be 
implemented in public education in Korea.
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Appendix A

Improvement in English test scores on formative assessment 
according to AI-Pengtalk use time (unit: hours).

(2) (3)
Estimated 
coefficient

T value Estimated 
coefficient

T value

Constant 
term

− 11.358 − 1.48 − 14.927 − 1.50

Scores of 
prior 
diag-
nostic 
assess-
ment

0.801 11.78 0.749 10.03

AI-Peng-
talk use 
time

2.056 3.84 2.153 4.29

Female 
students

1.835 1.00 2.028 0.96

I am inter-
ested in 
studying

1.829 1.66 1.582 1.46

I like to 
talk

1.236 0.98 1.138 0.85

I am 
good at 
handling 
comput-
ers

2.204 2.45 2.479 2.68

I am 
good at 
handling 
smart 
devices

− 1.059 − 1.10 − 1.193 − 1.11

I am famil-
iar with 
using 
apps for 
learning

0.146 0.19 0.364 0.43

I always 
try some-
thing 
new 
when I 
think it 
will be 
fun

0.102 0.12 − 0.135 − 0.17

I am afraid 
of mak-
ing a 
mistake

1.180 1.57 1.312 1.49

I tend to be 
shy

− 0.584 − 0.53 − 0.508 − 0.49

(2) (3)
Estimated 
coefficient

T value Estimated 
coefficient

T value

I feel 
uncom-
fortable 
talking 
with my 
teacher 
for more 
than 
20 min

− 0.473 − 0.69 − 0.129 − 0.17

I do not 
want to 
do what 
I'm not 
good at 
in the 
presence 
of others

− 0.637 − 0.85 − 0.641 − 0.79

I feel 
uncom-
fortable 
meeting 
foreign-
ers

− 1.496 − 1.62 − 1.254 − 1.43

Learning 
English 
before 
enter-
ing an 
elemen-
tary 
school

,

With 
school 
Korean 
teacher

− 0.280 − 0.11

With 
school 
native 
teachers

1.833 0.63

With 
private 
Korean 
teacher

4.436 1.62

With 
private 
native 
teacher

3.680 0.72

Learning 
English 
in the 1st 
grade of 
elemen-
tary 
school

With 
school 
Korean 
teacher

0.224 0.07

With 
school 
native 
teachers

1.401 0.32

With 
private 
Korean 
teacher

1.044 0.38

With 
private 
native 
teacher

5.104 1.01
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(2) (3)
Estimated 
coefficient

T value Estimated 
coefficient

T value

Learning 
English 
in the 
2nd 
grade of 
elemen-
tary 
school

With 
school 
Korean 
teacher

1.042 0.21

With 
school 
native 
teachers

1.822 0.34

With 
private 
Korean 
teacher

2.457 1.14

With 
private 
native 
teacher

2.254 0.45

Learning 
English 
in the 3rd 
grade of 
elemen-
tary 
school

With 
school 
Korean 
teacher

0.560 0.08

With 
school 
native 
teachers

4.608 0.73

With 
private 
Korean 
teacher

5.346 0.79

With 
private 
native 
teacher

1.241 0.14

Learning 
English 
in the 1st 
semester 
of the 4th 
grade of 
elemen-
tary 
school

With 
school 
Korean 
teacher

3.939 1.30

With 
school 
native 
teachers

− 3.313 − 0.86

With 
private 
Korean 
teacher

− 0.437 − 0.15

With 
private 
native 
teacher

1.994 0.37

Number of 
Observed 
Values

306 306

Coefficient 
of Deter-
mination

0.515 0.549
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