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Towards an English Reading Intelligent Tutor System
for Native Spanish-Speaking Undergraduate Students

Adelina Escobar Acevedo, Josefina Guerrero Garcia

Meritorious Autonomous University of Puebla,
Mexico

adeesa32@gmail.com

Abstract. Intelligent Tutor Systems (ITS) are challenging in domains as reading
and writing, and target users require specific material to mature reading abilities.
We are developing a methodology to produce reading ITS for undergraduate
students, facing decisions in both fields, educational and computational; the
contribution is to provide suitable material of interest to each user among
available material.

Keywords: Intelligent tutoring systems, reading comprehensions,
readability metrics.

1 Motivation

Reading is essential for school and life. In the international standard test PISA, Mexico
is statistically significantly below average scores [1], undergraduate students do not
perform better. Reading in a foreign language adds challenges to the task. Educational
technologies may be helpful out of the classroom to improve students’ skills.
Advantages include following a personalized path, working without teachers’ time
constraints, spending more time on topics of interest or need reinforcement. Intelligent
Tutoring Systems (ITS) have proved helpful for many disciplines, mainly in well-
defined domains such as mathematics where there is only one possible answer, ill-
defined domains like reading and writing are still challenging [2].

2 Previous Work in the Area

Reading ITS are scarce. They are based on their own corpus and targeted for specific
users as the material is different for each. iSTART [3] is the closest to our project as it
was developed for high school and college students. CAERS [4], ITSS [5], and
EMBRACE [6] were developed for children. AutoTutor [7] and iISTART-AII [8] for
low literacy adults. Further information on art state refers to [9]. Only AutoTutor allows
the user some freedom on the material to use.

Related advances that could be included in a reading ITS are text simplification [10],
automatic readability metrics, overlapped clustering [11], question generation [12],
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question classification [13], automatic essay evaluation [14], interpretable semantic
similarities [15], among others.

3 Research Objectives

If the actual development of Natural Language Processing is enough, it is possible to
follow a methodology to create reading ITS for English as Second Language (ESL)
undergraduate students. The objective of the work is “To design and evaluate a
methodology to develop an ITS for reading in English as Second Language for Spanish-
Speaking undergraduate students”. Specific objectives are:

—  Gather reading material in English and classify them to conform domain module.

— Integrate  activities pre and post-reading to  develop reading
comprehension abilities.

—  Create a model and build an ITS prototype.
— Validate the ITS among ESL expert teachers.

4 Methodology

Every ITS requires enough material to provide to the student. Natural language
processing requires corpus, a group of texts. Corpora are expensive to create in time
and effort as it is manually reviewed or tagged.

The first step requires identifying text complexity, by language level or by the
obtention of Flesh-Kinkaid and RDL2 readability metrics on every text in the corpus.
Previous works have empirically proven that RDL2 is useful in second language
learners’ reading tasks.

The second phase, to recommend texts to readers, requires obtaining documents
similarity. The algorithm should provide at least one similar document to the last read
by the user and some others very different from it. As there are no right or wrong
suggestions, the idea is to form clusters to represent groups of topics of interest. From
those, the algorithm will suggest texts for the user's reading level.

The third phase needs performance evaluation, which is a vast area in reading
comprehension. Three main methods consist of questions, writing, and diagram
development. The first one is popular among second language learners; the second
option is more common in monolingual students as it requires additional mind
processes to produce text. The third option is used to facilitate information visualization
mainly for young readers. All types of evaluation must be automatic in the ITS. First
experiments are intended to include human elaborated questions attached to texts.

User experiments will include students with access to the system and a control group
without the system. From the experiment, we will observe the performance of both
groups in the reading comprehension assessments and apply a survey on interest. The
idea is to provide at least five sessions to both groups and gather information related to
reading performance in Spanish and English.

Among tools considered, Coh-Metrix for metrics and other text scores. Natural
Language Toolkit NLTK [16] and Stanza [17]. Python as the programming language.
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5 State of the Research

First, a small expert group was created, and the four members are teachers experienced
in English reading comprehension from different Mexican universities. Second, a
survey was developed to register English teachers’ experience in classrooms about
reading. Their observations allowed us to set goals on comprehension, user freedom,
and strategies.

Tutor architecture was adopted from [18], defining domain, tutor, student, and
interface modules. Also, some ideas from English websites were collected to design a
scalable navigation map.

The first module to create is the domain, as it contains the materials. We started
creating a corpus from pages for English Second Language readers, but we have not
collected enough material targeted for adults with creative commons license and
reading comprehension questions. While that corpus grows, we are working with the
OneStopEnglish corpus [19]. The corpus allows three manually simplified versions of
each text and provides POS tags and common readability metrics, but it
has no questions.

Some fast tests indicated that reading levels are not aligned with CEFR. Additional
text analysis was performed with Coh-Metrix to obtain readability metrics for each text.
Results show a brief comparison among them, clarifying the deepness of information
used to obtain them. This analysis included the tool used to rank text in CEFR levels.

We have already started the first experiments to create topic groups, and we are
adjusting parameters. In parallel, a basic recommendation system was constructed
using cosine similarity. A pilot exercise is desired soon to obtain users’
opinions and suggestions.
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Enhancing Metacognitive Skills in Language Learning
through a Conversational Pedagogical Agent

Joaquin Navarro Perales

Universidad Nacional Autébnoma de México,
Mexico

Universidad Internacional de la Rioja,
Spain

joaquin navarro@cuaieed.unam.mx

Abstract. Intelligent tutoring systems can adapt to learners to the extent of
preventing them from making poor decisions related to underestimating or
overestimating their abilities, however, they must be exposed to making poor
decisions to develop their autonomy. This paper proposes the use of a
conversational pedagogical agent to support language learners while solving
grammar exercises, so that they can be aware of their performance level and
strengthen their metacognitive skills. Students will interact with the agent
through an instant messaging application and answer the Metacognitive
Awareness Inventory (MAI) to identify whether there are significant differences
in using or not using the agent. A qualitative evaluation of the learners'
experience using the agent will also be conducted.

Keywords: Intelligent tutoring systems, conversational pedagogical agents,
autonomous learning, adaptive learning, metacognition.

1 Motivation

Intelligent tutoring systems (ITSs) are learning environments that rely on the ability of
intelligent algorithms to adapt to learners at a fine-grade level [1]. This can be done
according to two adaptation techniques: adaptability and adaptivity. The first one
allows the learners to take control, while the second empowers the system [2].

Some ITSs have a shared student/system control to prevent students from making
suboptimal decisions and elicit high motivation [3]. However, when one of the goals is
to promote learner autonomy, it is necessary to expose them to make suboptimal
decisions so that they can correct them with the help of the system.

Another important fact is that previous research reports a lack of mobile-based ITSs.
This is observed in two systematic reviews, one of which reported 54.71% of web-
based systems and 15.09% mobile-based systems [4], while the other study found no
systems capable of providing mobile-based content, even though mobile devices are
considered emerging technologies and their use is part of daily routine [5].

According to the described above, this paper proposes an ITS based on a
conversational agent that supports language learners to enhance their metacognitive
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skills, i.e., skills related to planning, monitoring and evaluation, while solving grammar
exercises. Different paths will be proposed including exercises corresponding to
different mastery levels, and the learners will be able to decide which one to take, if
they consider it necessary, they will be able to change levels. The system will be linked
to the instant messaging app Telegram.

2 Previous Works in the Area

In [6], the teaching of Spanish punctuation through a chatbot was compared to the
traditional method through written exercises on paper. A quasi-experimental design and
a quantitative methodology were used during pre-test and post-test in a control and
experimental group. Subsequently, the perception of the experimental group was
analyzed through text mining in a forum. Their results showed that the students who
used the conversational agent substantially improved their performance compared to
the students who used the traditional method. In addition, the perception of the students
who used the agent showed that they positively value it in three aspects: support and
companionship in their learning process, greater feedback, and the possibility of
interacting and learning anywhere and anytime.

A study comparing the use of two self-regulation strategies through an ITS is
described in [7]. Participants speak English as their second language and performed
exercises to improve their speaking ability according to three groups: one that used a
help-seeking strategy, a second one using a self-monitoring strategy, and a control
group that used the traditional teaching method that does not focus on a self-regulation
strategy. A mixed method, quasi-experimental, pre-test, post-test design was used. The
pre-test, and post-test are aligned with the International English Language Testing
System (IELTS) speaking test. They comprise the quantitative section of the study. The
qualitative section is constituted by a questionnaire about learning through an ITS.
Their results revealed that self-monitoring strategy had a more significant effect on the
students' performance than help-seeking. Students who used the ITS were satisfied with
its capability to support them.

The systems described above are web-based, so it is important to mention that [8]
used Rain Classroom, a mobile-supported tool based on the instant messaging app
WeChat. In that study, the Critical Thinking Skills Survey (CTSS) was adopted to
measure the critical thinking skills (CTS) of learners of English as a second language.
A pre-test-post-test non-equivalent quasi-experimental design was applied to compare
the CTS of learners instructed under a Rain-Classroom-based ITS with those taught by
the traditional lecture approach. Their results indicated that the ITS had a positive effect
on students’ overall CTS, with significant improvement in the interpretation subscale,
but had almost no influence on the evaluation and self-regulation subscales.

3 Research Objectives

The objective of this study is to verify if a conversational pedagogical agent helps
English language learners enhance their metacognitive skills while practicing grammar
exercises, compared to solving exercises without additional guidance.
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4 Methodology

A mixed method, quasi-experimental, pre-test, post-test design will be used. Learners
will take the Spanish version of the Metacognitive Awareness Inventory (MAI) [9] as
the pre-test, and they will be divided in the experimental and control group. The
experimental group will use a conversational agent as a support tool for solving English
grammar exercises, while the control group will solve them using a Google form.
Participants in both groups will have to select their level between basic, intermediate,
and advanced, while the experimental group will have access to feedback and hints
from the agent. After answering the exercises, the two groups will answer the MAI
again. Finally, students in the experimental group will write a short text about their
experience with the chatbot.

The conversational agent will be implemented on the Dialogflow platform and will
be linked to the Telegram app through the BotFather framework. In this way, each
participant in the experimental group will access a Telegram group in which the agent
will appear as a member.

The quantitative phase covers independent sample t-tests to compare the mean scores
and change scores of MAI results in both groups, and for the measurement of the effect
size, Cohen’s d will be used [8]. In the qualitative phase, a discourse analysis will be
conducted with the texts on the students' experience.

5 State of the Research

The stage of defining the state-of-the-art on intelligent tutoring systems to improve
metacognition has been completed. The selection of grammar exercises for the
conversational agent is currently underway.

6 Contribution

This work contributes to the field of artificial intelligence in education by going against
the mainstream trend of empowering algorithms to provide fully tailored solutions to
learners, instead returning autonomy to learners and encouraging shared adaptation
between learners and intelligent tutoring systems. This could lessen the gap between
artificial intelligence and the humanities.
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Environmental Monitoring for Estimation
of Indoor Occupancy Levels
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for COVID-19 Restrictions
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Abstract. Today, the COVID-19 pandemic has imposed stricter
regulations on social distancing and crowd control, these policies can be
managed effectively through the occupancy information of the place.
Nevertheless, to predict the number of occupants accurately, there needs
to be sufficient labeled data for training the predictors and validating
the model. Furthermore, how the information is collected can represent
a problem because direct methods such as cameras invade the personal
privacy. Therefore, the main purpose of this research is the development
of an affordable and non-intrusive low-cost solution to improve the
management of public spaces and ensure the compliance of government
regulations regarding the number of occupants inside, implementing
unsupervised and semi-supervised machine learning models as well as
data fusion from different Internet of Things (IoT) environmental sensor
nodes. The preliminary results show that the clusters follow a pattern
during the day, therefore this can be used to assign the occupancy levels.

Keywords: Environmental sensors, machine learning, data fusion,
occupancy estimation.

1 Introduction

Today, we are facing an unprecedented world health problem derivative from
SARS-CoV-2 which has changed all the routines and habits around the world.
Preventive measures have been implemented to allow economic and social
activities to be carried out while minimizing the impact on people’s health.
Such measures include the use of face masks, physical distancing, bans on large
gatherings, mobility restrictions, among others [4]. It is important to flag out,
that even after you're vaccinated, you should keep taking precautions [9].
Therefore, the main purpose of this research is the development of an
affordable and non-intrusive low-cost solution to improve the management of
public spaces and ensure the compliance of government regulations regarding the
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number of occupants inside. The proposed solution monitors air temperature,
relative humidity, and barometric pressure and apply unsupervised and
semi-supervised machine learning algorithms as well as fusion data techniques
to estimate the occupancy levels in enclosed spaces. The proposed device
to collect the data is equipped with a micro-controller ESP32 [13], and one
BME280 [12] sensor.

This paper is structured as follows. Section 2 discusses the related work.
Section 3 presents the Hypothesis and Research Questions. Section 4 shows the
research objectives. Section 5 presents the methodology to follow. Finally, the
state of the research and conclusions are presented in Section 6 and 7.

2 Related Work

During the past years, several research focused on occupancy detection and
estimation had been carried out intending to reduce energy consumption,
maximizing comfort, security management, and so on [6,19,17].

Solutions for COVID-19 Restrictions

Some researches have proposed solutions to handle the COVID-19 preventive
measure. For instance, Longo et al. [7] presents a prototype ”Smart Gate”, whose
main function is to perform people flow monitoring and to keep track of the
occupancy levels of both indoor and outdoor spaces. Floris et al. [5] proposes an
ToT-based smart building solution for indoor environment management, which
aims to provide main functionalities as monitoring environmental parameters of
the room, detection of the number of occupants in the room, among others.

Design and Development of an Occupancy Sensor

Researchers from The Tecnologico de Monterrey designed a device which
estimating the occupancy levels in closed spaces. The device is equipped with a
micro-controller ESP32 [13], a BME280 [12], and other electronic components.
The controller is programmed to measure every minute the temperature,
barometric pressure, and humidity. The data is sent through Wi-Fi to store
it in a data-based cloud. Vela et al. [15] carried out occupancy level estimation
research, deploying the proposed device within a university gym and in a living
room. The accuracy obtained was around 95.2% to 97% using Support Vector
Machine (SVM), K-nearest neighbor (k-NN), and decision tree (DT) models.

3 Hypothesis and Research Questions

It is possible to approximate with an accuracy at least of 90% the occupancy
levels in enclosed space using unlabeled fusion data from environmental sensing
such as air temperature, relative humidity, and atmospheric pressure. Some
research questions are:

— How many sensors are necessary to install within a room depending on
its dimension?
— How deploy the sensors? (position,height,etc.)
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— Is essential to add another environmental variable or non-intrusive sensor to
estimate occupancy levels in real-time with an accuracy at least of 90%?

— Is it possible to use unlabeled data for estimating the occupancy levels?

— Could data fusion improve the performance of the unsupervised machine
learning model?

— Could externals weather conditions affect the achievement of the accurate
estimation? Due to the Covid-19 pandemic in which it is necessary to have
natural ventilation (windows and/or door open)

4 Objectives

The general objective of this work is to apply unsupervised and semi-supervised
machine learning algorithms as well as data fusion methods to estimate the
occupancy levels indoors using only ambient variables. The particular goals be
achieve as this research work is conducted are:

— Select three possible scenarios with different design-use and dimensions.

— Set the number of nodes (microcontroller with the sensors) necessaries to
deploy inside the place.

— Collect data without labels and data with labels.

— Process the datasets and implement a data fusion method.

— Develop an unsupervised and semi-supervised machine learning algorithm.

— Assess the performance of the models and the number of sensors installed
by a square meter.

— Analyze whether natural ventilation through doors and windows affects to
the machine learning models performance.

Research Contributions The main contribution of this research will be
an unsupervised and semi-supervised system to estimate the occupancy levels
indoors, as well as the design of a data fusion framework, and the generation
of three robust data sets collected in enclosed spaces which will be available to
everyone for future analysis.

5 Methodology

The main activities are described below:

1. Selection of the test-bed scenarios: Three different places with a specific
design use will be selected. For instance, meeting rooms, multi-occupant
office, and collaborative spaces.

2. Sensor Deployment: To set the number of devices deployed within each

space will be based on the place’s superficial area and the literature review.

Data collection: For 3 weeks, an unlabeled data will be collected.

4. Data pre-processing: It is essential to seek a missing value and outliers,
erroneous measures, remove the noise, and the extraction of features.

it
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5. Data Exploration: Visualizations such as heat maps, histograms, and 3D
scatter plots will be carried out. The main goal is to find patterns and hidden
substructure which helps us to interpret the outcomes from the models.

6. Data Fusion: In this stage, the aim is to archive a better performance of
the models, integrating the data collected from multiple sensors.

7. Machine Learning model selection: Through the literature review, the
semi-supervised and the unsupervised algorithms will be selected. The total
of clusters and/or classes desired is four that will be identified as empty, low,
medium, and high occupancy levels.

8. Model evaluation: The Internal validation index established the quality of
the clustering structure without having access to external information [10].
Nevertheless, the clusters need to be compared with the real occupancy.
Evaluating it with metrics as Accuracy, and confusion matrix. Therefore,
metrics such as accuracy and confusion matrix will be used.

6 State of the Research

During the year 2021, the research work was focused on improving the
proof-of-concept system designed by the peers, it is essential because the next
experiments involve the deployment of several devices in-situ. Furthermore,
preliminary experiments were carried out; first, the k-means algorithm was fitted
using the data collected by Vela et al. [15], to verify that “unlabeled” data
can be used to estimate occupancy levels. Second, the prototype was placed
in a multi-occupant office belongs to Tecnologico de Monterrey. The data were
collected for two weeks to develop unsupervised algorithms such as k-means,
agglomerative, and Fuzzy C-means. Nowadays, the research work will start with
the selection of the three test-bed enclosed spaces, the sensor deployment, the
collection and analysis of data.

7 Preliminary Results

The preliminary results obtained during February to September,
2021 are presented.

Prototype as a Minimum Viable Product (MVP).

The prototype is currently an MVP. Its components were designed and
printed as a printing circuit board (PCB) of 5 cm x 5 cm, covered by an external
case (6.5 cm x 6.5 cm x 3 cm). This prototype can be easily installed anywhere
in the enclosed space.

K-means for living room data.

From the data, the classes was deleted; then the data were normalized and
standardized. Four clusters were set to seek. The results show similarities with
the classes from the original data. In other words, the clusters formed can be
used as classes (empty, low, mid, high) which indicate the occupancy levels.
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K-means, agglomerative and Fuzzy C-means for office data.

The data collected in the multi-occupant office do not have any label, the
attendance record was requested to verify the real occupancy; therefore the
algorithms had not yet been evaluated as predictors of the occupancy levels.
Nevertheless, the evaluation of clusters using Silhouette Index was 60% for
k-means, 64% for agglomerative, and 67% for Fuzzy C-means. The cluster
obtained follow the patters of the temperature and humidity during the day.
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1 Motivation

Bacterial vaginosis is the most frequent infection in women of child-bearing age
[2]. The pathogenesis is unclear, but involves overgrowth due to multiple bacterial
pathogens and a decrease in the usual vaginal flora with a predominance of
lactobacillus [7, 5]. Its complications, such as endometritis, salpingitis, oophoritis
[4], preterm premature rupture of membranes (PPROM), and chorioamnionitis
[6]. Particularly, it is well known that a BV-positive case is a consequence of a
disequilibrium state of bacteria; it is not a unique bacterium but a coexistence of
bacteria leading to a BV-positive condition. However, these bacteria may differ
from patient to patient.

Thus, the present research arises from the need to support physicians in
understanding the unclear pathogenesis of BV by identifying clusters of patients
that presumably share coexisting bacteria in a grouped form, and from there, to
analyze the contexts of bacterial coexistence. So it is our interest to tackle this
problem using a clustering approach.

The dataset used for this research was generated by the laboratory of research
in infectious and metabolic diseases of the Juarez Autonomous University of
Tabasco. It was obtained as part of research in molecular epidemiology in BV
during the years 2016 to 2018 in an urban population in southeastern Mexico
[8]. The dataset consists of 201 patient records with 19 attributes, which was
explored through AHC methods without performing any pre-processing process.

This study contributes to the effort to provide information that helps to
learn more about the coexisting bacteria in the groups of patients diagnosed as
BV-positive. Furthermore, the benefit of identifying the groups translates into
the selection of specific treatments according to the bacteria coexisting in each
group. It also becomes a support tool to obtain a priori knowledge of the contexts
that may occur in clinical cases.
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2 Previous Works in the Area

Nowadays, there exist few research studies that have conducted an analysis of
the BV disease using ML methods.

Song et al. [9] contributed to integrate Superpixel methods with Deep
Learning methods based on convolutional neural network (CNN) for the
automatic assisted diagnosis of BV. The classification results yield an accuracy
of 99%, the sensitivity of 100% and specificity of 98.04%.

Baker et al. [1] built a classification model by breaking down the groups
of microbes based on their correlation. Likewise, it reduced the number
of factors, increasing the interpretability of the classification models. The
classifications were made using Genetic Programming, Random Forest, and
Logistic Regression, the precision of the models was evaluated using ROC curves.
The accuracy obtained from the models was between 90% and 95% when they
were classified using the dataset with the Nugent score.

Cruciani et al. [3] designed a new phylogenetic microarray-based tool
(VaginArray) that includes 17 probe sets specific for the most representative
bacterial groups of the human vaginal ecosystem. The VaginArray was applied
to evaluate the efficacy of rifaximin vaginal tablets for the treatment of BV.
The results showed the ability of rifaximin to reduce the growth of various
BV-related bacteria (Atopobium vaginae, Prevotella, Megasphaera, Mobiluncus,
and Sneathia spp.)

3 Research Objectives

To build a bacterial community clustering model of the polymicrobial syndrome
bacterial vaginosis (BV) that allows identifying characteristics of similarity
and dissimilarity of the clusters, as well as bacterial coexistence contexts with
biological significance.

4 Methodology

In order to achieve the stated research objective, it was necessary to construct a
study scheme that shows the clustering approaches considered and the phases to
be performed that will lead to visual clustering models that allow the analysis
of bacterial coexistence contexts, as shown in Figure 1.

5 State of the Research

Currently, the research shows the progress of more than 75% of the activities
carried out. The activities involved in the construction and validation of results
through metrics were completed for two of the three investigated approaches.
Furthermore, agglomerative hierarchical clustering and partitional clustering
have been constructed. Finally, each model was converted to a data visualization
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Fig. 1. Study scheme.

that allows analysis of the contexts of bacterial coexistence between groups of
patients. The density clustering algorithms so far are about to start the process
of constructing the data visualizations.

As the research is pioneering the use of clustering methods to create visual
models for further analysis of bacterial coexistence contexts, each model is
subjected to biological validation by an expert in the field who evaluates the
biological significance of the groups.

6 Preliminary Results

The overall results that have been achieved so far in BV research through
clustering models are:

Two experiments were designed and evaluated in the agglomerative
hierarchical clustering (AHC) methods through five linkage methods and a
distance measure. The first experiment aimed to identify clusters with the
presence and absence of VB. The result obtained was a segmentation of the
dataset into two groups, one with elements with positive classes and a second
group with elements of negative and indeterminate classes.

The clustering partitioning (PC) methods were evaluated through four
methods from the same experiments perspective as the AHCs. The findings
of the PCs assessed in the first experiment show a similarity of clustering to
the AHCs. However, in the second experiment, the algorithms show a dissimilar
clustering with the common VB-positive diagnostic. From the findings across
the two clustering approaches evaluated, we can infer that the best performance
achieved for the second experiment is from the AHCs.

We have created data visualization tools for further analysis of bacterial
coexistence. The identified clusters show a context of bacterial coexistence of
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two anaerobic bacteria with a prevalence of more than 30%. The findings of
the dissimilar clusters with a common diagnosis, there is a coexistence of three
bacteria with a prevalence of more than 30%.

We have also experimented with other measures of similarity to improve the
results of experiment two of the PC.
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