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Abstract

In this paper, it is presented a proposal of app for
teaching English vocabulary oriented to computer
science field, using a spaced repetition method based on
SuperMemo 2 (SM-2) algorithm, which allows
reinforce the vocabulary acquired in previous studies,
and dynamically generate a plan for learning the most
appropriated words according to an easiness factor and
word practice time interval. Also, an assessment
instrument is presented, which can be used for
demonstrating the acceptance of the technology
throughout measuring use attitude to proposed app and
usefulness perception from users. Through this learning
way, students from many educational institutions can
achieve a better vocabulary retention, which carries to
having a better comprehension of academic texts that
are required for acquiring more knowledge in their
study fields.

Academic english vocabulary, Spaced repetition,
Technology acceptance model

Resumen

En este trabajo, se presenta una propuesta de aplicacion
para la ensefianza de vocabulario inglés orientado al
area de las ciencias computacionales, utilizando un
método de ensefianza por repeticion espaciada basado
en el algoritmo SuperMemo 2 (SM-2), el cual, permite
reforzar el aprendizaje de vocabulario estudiado
previamente, y planear de manera dinamica las palabras
mas apropiadas a aprender en funcién de un factor de
facilidad y el intervalo de tiempo en que estas se
practican. También, se presenta un instrumento de
evaluacion con el cual se puede comprobar la
aceptacion de la tecnologia a través de la medicion de
la actitud hacia el uso de la aplicacion propuesta y la
percepcion de la utilidad de la misma por parte de los
usuarios. A través de esta forma de aprendizaje se puede
lograr que los estudiantes de instituciones educativas
tengan una mayor retencion de las palabras que
aprenden, lo que conlleva a que tengan una mayor
comprensién de los textos académicos que se requieren
para adquirir mayores conocimientos en sus areas de
estudio.

Vocabulario  académico  inglés,  Repeticién
espaciada, Modelo de aceptacion de la tecnologia
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Introduction

There is a strong relationship between
proficiency of the English language and the
competitiveness of a country. A high level of
proficiency of this language translates into
growth in all areas, mainly in the economy,
innovation and the general well-being of
inhabitants (IMCO, 2015).

In Mexico, population has difficulties for
learning English. It is not only the fact of the low
level, but also that it is decreasing year after year,
compromising the level of competitiveness of
the country.

This is reflected in the results of the
Education First English Proficiency Index or EF
EPI, where Mexico ranked 44th out of 80
countries evaluated in 2017; 57th place out of 838
in 2018; 67th out of 100 in 2019; and falling to
82th out of 100 in 2020, as well as 18th out of 19
in Latin America, only above Ecuador
(Education First, 2020).

This situation is not only specific to
Mexico. It is known that other countries present
similar situations that are caused by different
problems, such as low concentration on studying
(Zou, 2019), lack of variety of teaching methods
(Boyinbode and Tiamiyu, 2020), low learning
autonomy by students (Chen and others, 2019),
difficulty of comprehension and acquisition of
vocabulary (Saragih, 2019), among others.

It is worth mentioning that EF EPI, as well
as many other studies, have as a target
population to high school and university
students. Therefore, it is important to take into
account, in addition to their general proficiency
of the language, a sufficient proficiency of
academic vocabulary, so that they are able to
understand and use english academic resources
in their study areas, that encourage them to
acquire more knowledge and improve their
professional skills.

But, as with general English, academic
English also presents some learning obstacles for
students. Some of these are the lack of
motivation due to the use of traditional teaching
techniques and equipment, the lack of inclusion
of technology, and teaching not focused on the
students’ areas of interest (Farook and
Mohamed, 2020).
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In this sense, it is essential to generate
proposals that integrate innovation factors and
content personalization to increase the level of
interest and motivation to learn the language.

LEVO APP is a proposal of a Progressive
Web App or PWA, that can help to students on
learning English according to their academic
areas, using a spaced repetition algorithm and a
word identification activity based on flashcards.

In the proposed design, it is used the
Academic Vocabulary List or AVL proposed by
Roesler (2020), which is oriented to the area of
Computational Sciences, and, implemented as a
teaching method, the spaced repetition algorithm
called SuperMemo 2 (SM-2).

The intention of using this app is to obtain
a positive impact on the attitude and
intentionality of learning English academic
vocabulary by students in the area of computer
science.

As part of the content of this document,
some related works referring to the use of
technology for the teaching of English
vocabulary are mentioned.

It is briefly addressed the academic
vocabulary lists used for teaching English
focused on academic areas, describing their
characteristics and the benefits of their use. The
SuperMemo 2 algorithm is also briefly
described, as well as its interaction with
vocabulary teaching process using flashcards.

Finally, it is explained the Technology
Acceptance Model, which can be used for
evaluating the attitude and intentionality of use
of the proposed app.

Teaching English: Use of Technology and
Academic Vocabulary

It is not surprising that a large number of projects
related to English language teaching have been
proposed for several years.

There is a general interest in offering to
students the possibility of learning a language
for getting professional advantages. Various
approaches have been taken with the only aim of
covering as many forms of teaching, and one of
these is the use of technology.
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It is known that the use of computer
technologies has beneficial effects on learning a
new language. For example, Yip and Kwan
(2006) found that there is more preference in
learning English vocabulary through the use of
web applications, than learning on a face-to-face
method with a teacher. Furthermore, those who
use technological tools for learning English have
a broader vocabulary and retain words for a
longer time, unlike those who only learn with
traditional methods in the classroom.

Basoglu and Akdemir (2010), identified
that students who use mobile applications to
learn a language, spend more time studying it,
and at the same time, they perceive greater
entertainment in the process.

Two things can be inferred from this, first,
that both web technologies and mobile
technologies allow increasing proficiency with
English vocabulary; and second, that both
influence the perception of greater utility against
conventional methods, which facilitates the
process while providing greater motivation and
entertainment to students.

It is worth mentioning that nowadays it is
possible of combining web technologies with
mobile technologies, using Progressive Web
Apps, which are web applications that integrate
the characteristics of a native mobile app.

These kinds of apps can be installed in
users’ devices, using a minimum amount of
space, which leads to a saving in the amount of
available storage. They can also make use of
some hardware interfaces from devices, work
without internet connection, and receive
notifications in real time (Tandel and Jamadar,
2018). Given the proven benefits of web and
mobile technologies, progressive web apps are a
good technology option for using on language
teaching.

In addition to the use of technological
tools, another factor that positively influences
the learning of English is the personalization of
contents according to students’ topics of interest,
since this provides greater motivation for them
to acquire more knowledge (Manyak and Bauer,
2009).

ISSN 2523-6814
ECORFAN® All rights reserved

June, 2021 Vol.5 No.15 11-20

Kohnke et al. (2020) found that it is
possible to improve vocabulary retention,
implementing within apps the process of
teaching by disciplines, that is, grouping words
related to students’ academic areas of interest.

Various research works have been carried
out. The objective is to find English word lists
oriented to academic areas, for offering
personalized and relevant content for students,
and thus, help them improve their learning
(Coxhead, 2000).

Roesler (2020), mentions that knowledge
of academic vocabulary is vital for reading
comprehension and academic success of those
who aspire to access higher-level educational
systems, where the correct interpretation of
technical content related to a specific area is
required.

Based on this, it can be identified the
relevance of generating proposals of English
teaching tools that use web and mobile
technologies, mainly focusing on teaching
content oriented to students’ areas of interest,
which leads to positively influence their learning
process.

Learning with Spaced Repetition

Spaced repetition is a learning method that
consists on incrementing or decreasing the time
a person must practice again a previously studied
resource, according to the retention level the
person has at the time (Schroeder, 2017).

This method has proven to be very
effective for learning vocabulary of a second
language, both for traditional teaching methods
(Schuetze, 2017; Namaziandost and others,
2019; Nakata and Elgort, 2021), as well as for
the use of technological teaching language tools
(Settles and Meeder, 2016; Altiner, 2019;
Kohnke and others, 2019; Seibert and Brown,
2020).

Wozniak (1990) proposed a spaced
repetition algorithm called SuperMemo, for
teaching through the use of flashcards. In this,
the calculation of inter-repetition intervals is
carried out to review the content of cards on
specific days.
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The most popular version of this algorithm
is version 2 (SM-2), which, in addition to
calculating repetition intervals, integrates an
easiness factor that helps to dynamically assign
the backward or forward of the practice times of
the cards, according to user responses.

The algorithm begins with the assignment
of the first card repetition interval which is a one-
day interval, the second a six-days interval, and
since the third, the interval is calculated taking
into account the previous value multiplied by the
easiness factor or EF. This is determined by the
pseudocode in Figure 1.

1I(1) =1

12) :=6

for n>2 I(n) := I(n-1) * EF
Where:

e I(n) is the inter-repetition interval after n-repeat (in days).

e EF is the factor that reflects the easiness of memorization
and retention of a card content (also called E-Factor). Its
values range from 0 to 5 inclusive, starting at 2.5, and
decreasing or increasing according to the results of the
user's responses.

e EF esel factor que refleja la facilidad de memorizacion y
retencion del contenido de una tarjeta (también llamado
E-Factor). Sus valores van de 0 a 5 inclusive, iniciando
en 2.5, y va disminuyendo o incrementando de acuerdo a
los resultados de las respuestas del usuario.

Figure 1 Calculation of inter-repetition intervals in the
SM-2 algorithm (Wozniak, 1990)

Each new EF value is calculated by:
EF' = f(EF,q) 1)
Where:

EF’ is the new value of E-Factor.

EF is the previous value of E-Factor.

q is the response quality.

f (EF, q) is the calculation function of EF".

The calculation function of EF’ is
determined by:

f(EF,q) = EF —08+028+q—002+q*q (2)

The value of g is obtained from scalar
values ranging from 0 to 5 (the higher, the better
quality) which represent the qualitative level of
response quality, and is classified based on the
following criteria:
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5 - correct answer

4 - correct answer, with hesitation

3 - correct answer, with difficulties

2 - wrong answer, the correct one seemed easy to
remember

1 - wrong answer, having it correctly in previous
sessions

0 - could not answer

With all the values and calculations
established, the SM-2 algorithm can be applied
according to the steps in Figure 2.

1) Assign an EF value of 2.5 to all cards.

2) Practice the cards by setting an inter-repetition interval
using the steps in Figure 1.

3) After each repetition, rate the quality of the response on
a scale of 0 to 5.

4) After each repetition, and before calculating the new
interval, modify the EF value of the current card
practiced using Equation 1. If EF”’ is less than 1.3,
assign EF’=1.3.

5) If response quality of q was less than 3, then reset the
repeat interval to 1, without changing the EF value (use
the intervals I(1), 1(2), etc., as if the card had not been
practiced).

6) After each session on a given day, repeat all the cards
with a quality value g less than 4. Continue the
repetitions until all the cards have a score of at least 4.

Figure 2 SM-2 algorithm execution (Wozniak, 1990)
Technology Acceptance Model

The main goal of developing software systems
and apps is to provide tools that facilitate
people's activities, in work, academic, or other
kind of environments.

However, not all technology created is
always well received by users, and there are two
main traits that determine this: usefulness
perception and ease-of-use perception.

If users perceive a technology is difficult
to use and it is also not so useful for their
purposes, they simply tend to have a negative
attitude towards it, which translates into little or
no use of the tool, and the loss of the potential
benefits that can be obtained by making use of it.

The Technology Acceptance Model or
TAM, is a model that evaluates the behavioral
response to a technological tool (see Figure 3).
According to Davis (1989) this answer is
obtained by the following flow:
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- Using a technological tool generates an
external stimulus in the users, according
to design characteristics of it.

- This stimulus results in a cognitive
response, in which the users perceive the
ease-of-use level, as well as the
usefulness to achieve their objectives.

- These perceptions determine an affective
response towards the tool, where a
positive or negative attitude is obtained
for its use.

- Which finally affects the behavioral
response that is reflected in the actual use
of the tool.

External Cognitive Affective Behavioral
stimulus response response response

Figure 3 Technology Acceptance Model (Davis, 1989,
p-3)

Venkatesh and Davis (2000) identified that
the characteristics of the tools are not the only
factor that determines user perceptions, but these
are also affected by:

—  Subjective norms. Which refers to the
influence of the user's perception by
external factors.

—  Voluntariness. It indicates the attitude of
the person to use the tool because he
wishes to do so, without being forced by
external factors.

—  Experience. The ease-of-use that user
perceives when using the tool, obtaining a
good or bad experience at the end.

- Image. The way in which the user
perceives that the use of the tool will give
him greater status or recognition.

— Job relevance. The benefits that the user
thinks they can obtain to improve the
productivity, effectiveness and quality of
their work by using the tool.

— Output quality. That refers to the quality of
the information offered by the tool, and
that the user can use for their specific
purposes.

Result demonstrability. The ease in how
the user understands the benefits of using
the system and the capacity to explain it.
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These factors were integrated as an

extension to the first TAM, forming a second
version called TAM2 (see Figure 4).

_>-

TAM

Figure 4 Technology Acceptance Model version 2
(Venkatesh y Davis, 2000, p.188)

With this version, it is possible to obtain a
more precise evaluation of usefulness perception
of a given technology.

It is worth mentioning that there is a third
version of TAM, which includes factors that
influence the ease-of-use perception, however,
these are more oriented to user experience and
user interfaces, which is not the main goal of the
proposed app.

Methodology

The proposed app includes three stages, which
are shown in Figure 5, and explained below.

1) Word
database 2) App design 3) éffanetsesment
selection gy

Figure 3 Stages of LEVO APP development
1)  Word database selection

For the first stage, it was carried out a search of
repositories that includes word lists in English
categorized by academic areas. Given the
extension of the number of available lists
located, it was decided to take as a reference only
one of these for the prototype design.

MARTINEZ-VALENCIA, Ricardo Fabrizio, MONTERO-VALVERDE,
José Antonio, MARTINEZ-ARROYO, Miriam and HERNANDEZ-
BRAVO, Juan Miguel. App design for teaching academic English
vocabulary using spaced repetition method. Journal of Computational
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As a reference, it is recommended to use
an academic vocabulary list such as that
proposed by Roesler (2020), because it is the
most updated, and extends and improves the
academic lists proposed by Coxhead (2000),
Minshall (2013), Gardner and Davies (2014),
and Lei and Liu (2016), being for this particular
case, a list oriented to computer science area.

This list is made up of a main group of 904
words directly related to computer science, and
a supplemental group of 702 indirectly related
words, summing up 1,606 words in total.

The proposed design contemplates the use
of a single vocabulary list for exemplification
and testing purposes.

2)  App design

It is proposed a simple design that implements a
game based on flashcards, which consists of
game rounds with ten words each, generated for
a chosen academic area, these words are selected
from inter-repetition intervals assigned to the
previously practiced words. If no programmed
words are found to practice, or there are not
enough to complete a round of ten words, a
selection is made by simple random sampling to
complete the missing words of the round.

The app must present one by one, each of
the ten words to the user, so that he tries to
identify the translation of them, writing it in a
text box. Response times are used based on the
work of Schuster et al. (1990), where a 5 seconds
interval is given for word analysis, and after this,
a 15 seconds interval for giving an answer.

Response qualities for the SM-2
algorithm, are determined by these criteria:

— If the user answers correctly within the
first 10 seconds, answer quality equals 5.

- If a correct answer is given within 11-15
seconds, answer quality equals 4.

— If a correct answer is given within 16-20
seconds, answer quality equals 3.

— If the user answers incorrectly and the
word's EF value is below 2.5, answer
quality equals 2.

— If it is answered incorrectly a word that
was correctly answered in a previous
session, answer quality equals 1.
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- If 20 seconds interval ends before the
user can answer, answer quality equals O.

For each given answer, calculation of EF
value is performed, so that the easiness value of
the word can be varied, and the new inter-
repetition interval can be established. The
calculation process is repeated for each of the
words, until the end of the game round. This is
exemplified in Figure 6.

Figure 4 Word practice round process

As part of the practice process, the most
relevant interface designs are presented in Figure
7. It is important to mention that is proposed a
Spanish-based interface for making it easier to
use by beginner-level English students.

a)  Welcome screen. Where users can choose
the authentication option. It is proposed to
allow practicing as guests for temporarily
saving the information generated, or with
aregistered user to keep track of the results
obtained.

b)  Academic area selection. Where the
academic area to practice can be chosen.
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c)  Practice round screen. That controls the
flow of each round, includes in the upper
part a sequential follow-up of the words of
the round, a button to immediately restart
a new round, a button to end the round, and
a bar that indicates the remaining time to
respond. The central part shows the word
to be identified, and the text box where
users can write their answers.

d)  End of round. It shows a summary of the
points obtained according to the quality
scores obtained after each answer.

4 ) 4 )
o C—™ (o J s— |
Bienvenido Elige un area
I I i |

Aprende vocabulario con

LEVO APP
Ciencias
| Iniciar sesién I
| Jugar |

O registrarse
Estas jugando como invitado

Iniciar sesién

Términos | Privacidad

\ J
a) b)
4 N\ 4 N\
o C— o C—
3/10
I iBien!

|
2| |
. puntos

despliegue @
| iDe nuevo! |

aiocuacn ol | m—
e Iral -
=) <) r al men(
]
N J/ \ — )
c) 9

Figure 5 LEVO APP user interfaces
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App construction must be realized using
technologies adapted for the creation of PWAs,
for that reason, it has been chosen to use the
MEAN development stack, composed of the
MongoDB, Express.js, Angular, and Node.js
technologies, since are adapted for this type of
apps. Its deployment requires a web server
where the application code and the database can
be hosted, so a client-server architecture is more
than enough to make the product available to
users, requiring an internet connection to access
for the first time.

3)  Assessment strategy

Third stage consists of evaluating the tool
through TAM2, for which, the use of an
adaptation of the evaluation instrument proposed
by Venkatesh and Davis (2000) is proposed,
which is made up of 26 items grouped into 9
sections.

Each item presents a sentence for which
users must assign a concordance value,
according to their perceptions about the app.

The proposed instrument is made up of
sections identified by sections (a) to (i), each one
containing their respective items, as shown next:

(@ Intention to use

—  Assuming I have access to the app, | intend
to use it.

—  Given that | have access to the system, |
predict that | would use it.

(b)  Perceived usefulness

- Using the app, my academic English
performance will increase.

- Using the app, | will increase my
productivity on academic activities that
require English language.

- Using the app, | enhance my effectiveness
on academic activities that require English
language.

- | find the app to be useful in my English
learning process.

(c) Perceived ease of use

- My interaction with the app is clear and
understandable.

- Interacting with the app does not require a
lot of my mental heart.

- | find the app to be easy to use.

- | find it easy to get the app to do what |
want it to do.
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(d) Subjective norm

—  People who influence my behavior think
that | should use the app.

—  People who are important to me think that
| should use the app.

(e) Voluntariness
— My use of the app is voluntary.
— People does not require me to use the
app.
— Although it might be helpful, using the
app is certainly not compulsory in my
academic activities.

(f) Image

—  Students in my university who use the app
have more prestige than those who do not.

—  Students in my university who use the app
have a high profile.

- Using the app is a status symbol in my
university.

() Academic relevance

- In my academic activities, usage of the app
is important

- In my academic activities, usage of the app
is relevant.

()  Output quality

—  The quality of the output I get from the app
is high.

- | have no problem with the quality of the
app’s output.

(1)  Result demonstrability

— | have no difficulty telling others about the
results of using the app.

- | believe | could communicate to others the
consequences of using the app.

—  Theresults of using the app are apparent to
me.

— I would have difficulty explaining why
using the system may or may not be
beneficial.

Each item is measured by means of a scale
that goes from zero to seven, which represent the
following qualitative values:

1 = Strongly disagree

2 = Mostly disagree

3 = A little disagree

4 = Neutral (neither agree nor disagree)
5= A little agree

6 = Mostly agree
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7 = Strongly agree

The data set obtained can be modeled with
a software tool such as SmartPLS to obtain the
values for making a comparison and identify if
there is a positive intention of using the proposed

app.
Results

The proposed design, being based on elements
whose benefits have been proven, allows
identifying the results that can be obtained once
it is implemented:

—  Being a PWA, LEVO APP provides the
benefits of this type of app, such as access
from almost any device with an internet
connection, security, responsive interface,
operation without connectivity or low
quality of internet connection, native
mobile app behavior, continuous updating,
small size and ease of installation (Tandel
and Jamadar, 2018; Mhaske and others,
2018), in addition to serving as a form of
encouragement and motivation, unlike
traditional teaching methods.

—  The use of flashcards for learning English
vocabulary is very extensive, due to its
simplicity, and in conjunction with a
spaced repetition teaching method such as
SM-2, greater data retention can be
achieved, of around 90% of the
information practiced (Wozniak, 1990).

—  The use of a vocabulary personalized to
the interests of the users, in this case, to
academic areas, positively influences the
retention of the words that are practiced.

From the above, it can be inferred that, by
implementing these characteristics, a positive
attitude can be obtained towards the use of the
app, for learning academic English vocabulary.

Conclusions

English language proficiency is very relevant for
the competitiveness of a country. Much of the
learning of this language occurs in high school
and university, and, it is at this time when
students must have good proficiency of it, to be
able to understand academic information that
entails to learn more about the chosen academic
area.
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Although there are apps for teaching
English vocabulary, many of these focus on a
general vocabulary, which, although it is of great
importance to provide the foundations of a more
advanced vocabulary, it is also necessary to have
proposals that focus into a higher level of
specialization, useful for people who study a
certain area and who can generate more
knowledge in the field. Also, the importance of
using methodologies that help in a better way to
retain the vocabulary learned is identified,
without forcing the rigid memorization of words.

Spaced repetition method shows to be an
effective gradual teaching method, which,
combined with current technologies such as
progressive web apps and simple teaching
methodologies such as flashcards, generate
solutions that are liked by users, which has a
direct impact in their attitude towards the use of
them and the perception of usefulness for their
academic purposes.
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