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Classification model based on chatbot and unsupervised
algorithms to determine psychological intervention
programs in Peruvian university students
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Abstract. A strategy that supports the student’s academic and personal formation
is that university consider tutoring as a mechanism that supports with favorable
results to fight against the desertion of students. However, there are related prob-
lems in performing student segmentation and conducting psychological interven-
tions. The objective was to formulate a classification model for intervention pro-
grams in university students based on unsupervised algorithms. For this, we car-
ried out a non-experimental, simple descriptive study on a population of 60 uni-
versity students; we carried out the data extraction process through a chatbot that
applied the BarOn ICE test. After we obtained the data, the unsupervised k-means
algorithm was used to group the students into sets determined based on the closest
mean value obtained from the psychological test. We built a model for classifying
students based on their answers to the BarOn ICE test based on K-means, with
which we obtained five groups. The model classifies students by applying a dif-
ferent mathematical method to that used by the models applied by psychologists.

Keywords: Automated Classification, Artificial Intelligence, Grouping, K-
means, University Tutoring.
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1 Introduction

The emotional and psychological state of the student is a fundamental element for uni-
versity academic success [1], in this sense, according to University Law No. 30220
promulgated in July 2014, in Peru the State is the regulatory agent and supervisor of
compliance with the basic quality conditions in public and private universities [2].
Thus, the National Superintendence of Higher University Education (SUNEDU), as
established in the Law has defined compliance with key processes to be developed to
guarantee comprehensive university education [3].

Avrticle 87 of the Law makes it mandatory for universities, through their teachers, to
provide tutoring to students to guide them in their academic development and this seeks
to identify, prevent and correct various situations of psycho-emotional risk, through
monitoring and adequate support to the student's problem [4].

Tutoring constitutes a mechanism that can support with favorable results in the fight
against the desertion of students in their university academic activities, in addition this
strategy, apart from collaborating with academic training, supports personal training
[5]. This process considers the university education of the student and the extracurric-
ular needs that they may have, all developed under a personal accompaniment system,
in order to support, guide and advise the student in the academic, professional and per-
sonal-social dimensions [6].

Under this premise, university tutoring together with the teaching function provide
the essential mechanisms for monitoring the student's training process [7]. In this sense,
universities must respond to the challenge of providing comprehensive education, in-
stitutionalizing methods and procedures that guarantee the identification of students
with academic risks and establish preventive and corrective intervention programs to
mitigate the probability of dropout and academic delay [8]. Thus, within universities,
the tutoring area is in charge of directing certain key processes related to the psycho-
logical care and monitoring of the university student in order to promote professional
development and projection [9].

However, there are factors that affect the university tutoring process such as the ex-
cessive workload of teachers, making the work they do in the academic field more dif-
ficult [10, 11]. The insufficient equipment and technological support services, where
the tools used are not innovative and most of the processes are carried out manually,
making it difficult to acquire new learning and adequately manage the results of psy-
chological evaluations towards students, also affecting the time to obtain results, and
limiting the performance of more periodic tests during the academic semester [12, 13].

Consequently, the difficulties that arise in monitoring the tutoring process are poor
academic performance; a very common issue in universities that is related to the psy-
chological aspect of the student [14]. Another consequence is that teachers have diffi-
culties in virtual teaching due to technological aspects (connectivity) and this affects
the basic conditions of quality, by not providing an educational service that cares about



the needs of the student [15]. That is why information and communications technology
(ICT) have become a basic pillar in education today, which favors and facilitates the
teaching and learning processes [16, 17]. In this sense, there is a need to incorporate
ICT in universities, because it is positive due to its importance in the novelties it brings
with it and the employment capacity it possesses [18, 19].

The use of ICT in the field of education has become important [20], since techno-
logical tools are linked to students, because these are the ones who use electronic equip-
ment in their related activities in their university academic training [21]. Likewise, ICT
in the university context has become an element that adapts to the needs to increase the
competitive advantages of universities [22].

ICTs as computer support of the knowledge society help to build innovation capac-
ities in the field of education [19]. Digital inclusion in organizations has allowed the
development of technology based on Artificial Intelligence (Al), such as chatbots and
autonomous learning systems [16, 23].

That is why Al-based technology has revolutionized the ways of conducting tutor-
ing. This has not been excepted in university tutorials that have applied business intel-
ligence (BI) for decision-making, however, none of these focuses on being able to iden-
tify the psychological situation when they enter university [24]. Rules-based models
make it easy to create chatbots. Conversational agents or chatbots have the ability to
interact with users using natural language and have the capacity for continuous learning
in order to expand their knowledge in the field or subject of their programmed specialty
[25].

However, it is difficult to create a bot that answers complex queries. Pattern match-
ing is weak and therefore bots based on AIML (Artificial Intelligence Markup Lan-
guage) suffer when they encounter a sentence that contains no known patterns. Also, it
is quite time consuming and requires a lot of effort to write the rules manually [25]. As
part of the solution to this problem, unsupervised algorithms are evaluated using vari-
ous structural indices [26].

The methods used to evaluate the algorithms that solve classification problems
change considerably due to the intrinsic characteristics of each type of problem [7, 27].
The main applications of unsupervised learning are related in the grouping or clustering
of data [28, 29]. These algorithms are based on the distance between observations. The
most used clustering algorithms are k-means clustering and hierarchical clustering [30,
31].

The development of the study considered three principles: first, the disposition of
the conversational agent for the effective delivery of messages; second, to control and
monitor the responses and behaviors of each student; and finally the personalized inter-
action with each user [32, 33]. In addition, the significant presence of issues that re-
spond to the socio-psychological dimension is considered important [34].

This study aimed to develop an automated classification model based on the collec-
tion of information through a chatbot and the unsupervised learning algorithm applica-
tion k-means, for the assertive determination of psychological intervention programs
for university students carried out during the evaluation process of university tutoring
of the universities of Peru.



2 Materials and methods

2.1 Unit of analysis

It is a simple descriptive, non-experimental investigation. The study used a sample of
60 students from the Faculty of Engineering and Architecture of the Universidad Peru-
ana Union, to whom we applied the BarOn ICE test through a chatbot, in order to obtain
data on their performance regarding to the different criteria taken into account to eval-
uate emotional intelligence.

2.2  Chatbot construction and data extraction

We obtained data through a virtual tutoring platform based on chatbot in which a con-
versation was configured using the BarOn ICE test that was sent to the student’s email;
containing 60 items that were answered evaluating the responses on a Likert scale of
five possibilities [35]. Once we obtained the data, we tabulated and processed according
to the logic of the BaronlCE test, generating as a result scores valued according to seven
dimensions of emotional intelligence.

The chatbot is useful for automating tasks and processes in order to provide a better
user experience [25, 36]. The developed chatbot can support different platforms. The
prototype construction process included a review phase and an error correction phase.

The construction begins with the design of the entity-relationship model of the data-
base that supports the logic necessary to obtain information on the dimensions of emo-
tional intelligence of each university student. We used Navicat 15 to build the model
and we deployed the database in MySQL 8.0.25.

The design of the interfaces took into account the following basic modules: impor-
tation of students, data collection instruments, scheduling of mailings, follow-up of re-
sponses and a statistical module on the performance of the use of the chatbot.

We developed the chatbot-based virtual tutoring platform in Python version 3, using
the Django framework in version 3.2; it consists of the test modules and test types. We
design the graphical user interface using Bootstrap 4.

2.3  Data processing

Once we consolidated and transformed the data into useful information, we take the
scores of the scales obtained thanks to the BarOn ICE qualification; we carried out this
process for each student, all finally stored in a dataset, for processing.

The data was compiled in the Jupyter Notebook tool using the k-means algorithm,
one of the most popular clustering algorithms [37]. This algorithm assigns each data to
one of the N clusters [38]. The ideal cluster in k-means is a sphere with the centroid as
the center of gravity [39]. The goal in k-means is to minimize the average distance of
the data from its cluster centers, where a cluster center is defined as the mean or centroid
in a cluster [40, 41]. We summarized the process in Fig. 1.
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Fig. 1. K-means flow diagram [31].

The process starts with the initialization of the packages and libraries for data pro-
cessing and subsequent drawing.

We used a library for mathematical calculations, for the manipulation and operation-
alization of numerical tables, for the generation of graphs based on lists and the one
that allows the use of the k-means algorithm.
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans

To import the data, we opened the database contained in the file "BarOn Ice.csv
Database" and we eliminated the first column corresponding to the identification of the
students.

estudiantes = pd.read csv('/home/gcode/Documentos/Base
de datos BarOn Ice.csv', engine="python")
estudiantes var = estudiantes.drop(['Alumno'], axis=1)

For data scaling we import the “preprocessing” package from the “sklearn” library
for the data normalization process.

from sklearn import preprocessing as pp

We assigned the normalized data to the variable "data”. In addition, we copy the data
from in the variable "Xx" for the search process for the optimal number of clusters.

datos n = pp.Normalizer().fit transform(estudiantes var)

To find the optimal number of clusters, inertia is the term used to denote the sum of
the squared distances of each point with respect to the centroid of its own cluster [42].
Likewise, we execute the k-means algorithm repeatedly, each time giving it a greater
number of clusters in its parameters, we measure the inertia obtained in each iteration
and add it to the "inertia" list.



inercia = []

for i in range(l, 10):

algoritmo = KMeans(n clusters=i, init='k-means++"',
max iter=300, n init=10) algoritmo.fit (x)
inercia.append(algoritmo.inertia )

Subsequently, graph the evolution of inertia with respect to the number of clusters
in each iteration.

plt.figure(figsize=[10,6]) plt.title("Método del codo")
plt.xlabel ('N° de Clusteres') plt.ylabel ("Inercia")
plt.plot(list (range (1, 10)), inercia, marker='o"')
plt.show ()

Once we established the optimal number of clusters, we execute the algorithm with
the initial normalized data set "data_n", and we indicated the number of clusters to
enerate.

algoritmo = KMeans(n_clusters=5, init='k-means++',
max iter=300, n init=10)

Likewise, we fit the model generated with the normalized data in the variable "x"
and assign the attributes "cluster_centers_" and "labels_" to the variables "centroides"”
and "labels" respectively.

algoritmo.fit (x)

KMeans (n_clusters=5)

centroides, etiquetas = algoritmo.cluster centers ,
algoritmo.labels

As a result, we print each student from the initial data set with a label that identifies
the cluster to which we assigned by the algorithm.

print (etiquetas)

Later, we import the package "decomposition™ from the library "sklearn™ for the
graphical representation of the clusters.



from sklearn.decomposition import PCA

modelo pca = PCA(n_components=3); modelo pca.fit (x)

pca = modelo pca.transform(x)

centroides pca = modelo pca.transform(centroides)
colores = ['red', 'blue', 'green', 'yvellow', 'black']
colores cluster = [colores[etiquetas[i]] for i in
range (len (pca)) ]

plt.scatter(pcal:, 0], wpcal:,1], c=colores cluster,
marker = 'o', alpha=0.4)

plt.scatter(centroides pcal:, 0], centroides pcal:,1],
marker = 'x', s=100,

linewidths=3, c=colores)

xvector = modelo pca.components [0] * max(pca[:, 0])
yvector = modelo pca.components [1] * max(pcal:, 1])
columnas = estudiantes var.columns

3 Results

3.1 Chatbot construction and data extraction

Fig. 2 shows the virtual tutoring chatbot interface that we built to collect data on
emotional intelligence from students. We complemented the tool with different instru-
ments provided by a psychologist; this platform carries out the application of these in-
struments and collects the answers given by the students. To do this, each student enters
a personalized link, which we sent to his or her email address from the tutoring admin-
istration platform. As in the study of [25], the university chatbot provides efficient and
accurate answers to user guestions about university information. In addition, [36] de-
velop a multiplatform chatbot that instantly answers student questions; in addition, the
chatbot supports a login system to provide answers according to the different student
profiles, becoming a more personalized means of communication.



TEST DE INTELIGENCIA EMOCIONAL
Inteligencia Emocional

Preguntas: 5/60

Muchas veces - 100%

Con mucha frecuencia - o

Soy feliz.

Td

Muchas veces

Segun el total de 1 respuesta:
Rara vez - 0%

Pocas veces - 0%

A veces - 0%

Muchas veces - 100%

Con mucha frecuencia - 0%

Me importa lo que les sucede a las
personas.

Fig. 2. Graphical interface of the chatbot on a mobile device

3.2  Data processing

As the first result of the k-means execution process in the Jupyter Notebook tool, we
obtained a graph for the choice of the optimal number of clusters as shown in Fig. 3.
The main idea of k-means and the algorithms Clustering is to minimize the intra-cluster
variance and maximize the inter-cluster variance, where each observation must be
found as close as possible to its group and as far as possible from another type of group,
as stated in their studies [28, 39].

To find the optimal number of clusters, the elbow method was applied, where [33]
mention that the elbow method is used to optimize the number of clusters in the k-
means algorithm. Also [38] determining the exact number of clusters, in such a way the
mean distance of the observations was applied to its centroid, obtaining that the value
of k satisfies an increase of k.
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Elbow method
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Fig. 3. Evolution of inertia with respect to the number of clusters

After the analysis of the graph of the elbow method Fig. 3, we established the optimal
number of clusters and we executed the algorithm with the data set (the consolidated of
the responses obtained after applying the BarOn ICE test to the group of students).
Indicating the number of clusters that we have to generate and as a result, we obtained
the graphical representation of the clusters as shown in Fig. 4. We have to clarify that
a psychologist, who would be the commission to develop the intervention programs, as
well as the effectiveness, would later analyze the resulting groupings and efficiency of
the algorithm represented in the results.
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Fig. 4. Graphic representation of the clusters
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Based on the results of Fig. 4, we can state that the process of segmenting the individ-
uals of a group based on their behaviors or similar characteristics in the same segment,
helps to unravel the hidden patterns in the data for a better decision making [37]. In
addition [29, 37] mention that thanks to the help of the unsupervised learning algorithm
k-means, the results of the clusters of the data of interest are graphically represented,
helping to more optimally determine the density of the clusters, collaborating with the
organization of the information generated. Considering that, the visualization tools help
the researcher to achieve a better performance in the intermediate tasks of the review
of the information, such as identifying main themes, associates and extracts with rele-
vant contributions to the tasks carried out.

The application of the solution allowed generating a segmentation model of univer-
sity students to determine psychological intervention programs that summarizes all the
steps of the intervention carried out as shown in Fig. 5.

o 2. O as B

g28\ |
@s’@ Dazzon L D@ ; »» PO @

_Chatbot .~ Dataset

Proposed Solution %

% B, N TN
(K %‘A@ «@ A:if: @L‘LTO -’Q soee

____Unsupervised algorithm (k-means)

Fig. 5. Student segmentation model

In step (0), we show the entities that would participate in the intervention of the process:
(1) the selection of a sample of students to whom the psychological test will be applied.
(2) A chatbot was the tool built in order to apply the BarOn ICE test for data extraction.
(3) Data was stored in a dataset. (4) We carried out the analysis and processing of the
data, to transform them into consolidated information, where together with the support
of the k-means algorithm we carried out the information segmentation process, obtain-
ing as a result five groups with similar characteristics. (5) The intervention of a psy-
chologist who was in charge of analyzing the final information and being able to carry
out psychological intervention programs in university students. In this way, after the
application of k-means groupings as in the work of [27], we can be able to identify the
factors that lead to the success or failure of a student. This will allow the mentoring
area to provide appropriate advice and focus more on those factors.
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4 Conclusions

The classification model for university students using k-means significantly reduces the
work of the psychologist in the data collection and segmentation process. Based on the
processing of the responses of the applied test, clusters were obtained that must later be
labeled by a qualified professional. The elbow method allows the formation of an opti-
mal number of clusters. Due to its parameterizable characteristics, the model allows for
data clustering regardless of the type of psychological test applied. It is only necessary
to scale the response to obtain a number of clusters that represent logical groupings
allowing covering more dimensions of the psychological field, with the purpose to iden-
tify, prevent and correct various situations of psycho-emotional risk that university stu-
dents may present.
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Anexo 01: carta de aceptacion.

® @ B2 0 & B o i 1des < »
[EAI DIONE 2022] Your Camera-ready submission has been successfully uploaded (Extemo) Recibidos x 8
EAI DIONE 2022 <noreply@eai.eu> vie, 27 may, 10:07  Y¥ « :

para Baldwin +
'iﬁ inglés * > espafiol ¥ Traducir mensaje Desactivar para: inglés x

Dear Baldwin Huaman Laban,

This is to confirm that you have successfully completed the Camera-ready submission of your paper:

Classification model based on chatbot and unsupervised algorithms to determine psychological intervention programs in Peruvian university students

to EAI DIONE 2022, 3rd EAI International Conference on Data and Information in Online Environments

Please note that for an online EAl conference, you are required to submit a video presentation of your paper. Check the conference website for instructions on how to record and submit your video
presentation before the set deadline. This only applies to conferences organized and sponsored by EAI

We hope to see you at EAI DIONE 20221

By taking part in EAl DIONE 2022, you help advance EAI's mission toward open research and innovation via community-driven mentorship, review, recognition, and building a bridge between European and
International research

Thank you for being a part of the EAl Community.
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Anexo 02: Aprobacion del perfil de proyecto de tesis en formato articulo.

I a UNIVERSIDAD PERUANA UNION
: ESCUELA DE POSGRADO

“Afio del Bicentenario del Perd: 200 afios de Independencia®

RESOLUCION N° 859-2021/UPeU-EPG-CEPG-D

Nafia, Lima, 15 de setiembre de 2021

VISTO:

El expediente de JOYSE BALDWIN HUAMAN LABAN, identificado con cadige N°
200711331 y de ROEL DANTE GOMEZ APAZA  identificada con codigo N° 9610217 de la Maestria
en Ingenieria de Sistemas con mencion en Direccion v Gestion de Tl de la Unidad de Posgrado de
Ingenicria ¥ Arquitectura;

CONSIDERANDO:
Que la Universidad Peruana Unién tiene autonomia académica, administrativa y normativa,
dentro del ambito establecido por la Ley Universitaria N* 30220 v el Estatuto de la Universidad;

Que la Escucla de Posgrado de la Universidad Peruana Union, mediante sus reglamentos
académices y administrativos, ha establecide las formas v procedimientos para la aprobacion e
mscripeion del perfil del proyecto de Investigacion v la designacion o nombramicnto del ascsor para la
obtencion de grado de Maestro:

Que Joyse Baldwin Huaman Laban v Roel Dante Gomez Apaza, han solicitado la inscripcion
de su perfil de proyecto de mvestigacion, titulado “Modelo de clasificacion basado en chatbot y
algoritmos no supervisados para determinar programas de imtervencion psicoldgica en estudiantes
umiversitarios peruanos” y la designacion de Asesor, encargado de onentar y ascsorar la gjecucion del
perfil de proyecto de investigacion en formato articulo;

Estando a lo acordado en la sesion del Consejo de la Escucla de Posgrado de la Universidad
Peruana Union, celebrada el 15 de setiembre de 2021 v en aplicacion del Estatuto y el Reglamento General
de Investigacion de la Universidad;

SE RESUELVE:

Aprobar el perfil de proyecto de imvestigacion en formato articulo titulado “Modelo de
clasificacion basado en chathot ¥ algoritmos no supervisados para determinar programas de mtervencion
psicologica en estudiantes universitarios peruanos™ y disponer su inscripcion en el registro correspondiente,
nombrar al Mg. Danny Lévano Rodriguez, ascsor y el Dr. Miguel )-\.ngl:l Valles Coral, coasesor para que
orienten y asesoren la ejecucion del perfil de proyecto de Investigacion en formato articulo el cual fue
dictaminado por: Mg, Sergio Omar Valladares Castillo v Mg. Abel Angel Sullon Macalupu, otorgandoles
un plazo maximo de doce (12) meses para la gjecucion.

Registrese, comuniquese v archivese.

Lili Albertina Fernandez Molocho
DIRECTORA GENERAL
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Anexo 03: Proceso que realizan las areas de tutoria para poder evaluar, clasificar
y determinar los programas de intervencion a estudiantes universitarios.

i Autocancepto
i i Identificar | Autoconciencia
estudiantes Emocional
i i fre— | Inwapersonal i< acervidad
N Independencia
/ \ A Autoactualizacién
Optimismo
[ Estado de animo
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l / ™ ( Tolerancia del estrés
: ( Manejo de estrés
Aplicar Test de gs;vﬁi::::' ;: \_ /| conuotde impuisos
Ememelz inteligencia
emocional

Empatia AP N L Prueba de realidad

Flexibilidad
Responsabilidad Soctal ([ terpersonal \‘_/ Adaptabilidad Solucian de
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problemas
interpersanales

A
Realizar c":’::'s":: Determinacion
Informe de e’-"swﬂim“ de programas
resultados de intervencién

para atencién

Glasificacion Proceso de
intervencion
£ Xy \ /
% fxx
Xk AR

Fuente: Entrevista equipo de psiclogos UPeU, UCY. UNSM

Anexo 04:. Etapas para la implementacion del modelo de clasificacion.
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Anexo 05:. Propuesta de la solucion
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Anexo 06:. Interfaz grafica del chatbot en un dispositivo movil

TEST DE INTELIGENCIA EMOCIONAL

Muchas v 5 C
Con eCUONCIa - O
Soy feliz
Tu

Muchas veces

Segun el total de 1 respuesta:
Rara vez - ¢

Pocas veces - 0

A voces - 0

Muchas veces - 100

c

Me importa lo que les sucede a las
personas.
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Anexo 07:. Corriendo el Algoritmo

B+ x/an ¢ PR B C W wadom v =

In [1): WINICIALIZACION DE LOS PAQUETES Y L fAS PARA LE PROC DE LOS DATOS Y POSTERIOR DIBUJADO
inport numpy as np #LIBRERIA PARA CALCULOS MATEMATICOS
inport pandas as pd #LIBRERIA PARA LA MANIPULACION Y OPERACIONALIZACION DE TABLAS NUMERICAS
inport matplotlib.pyplot as plt WLIBRERIA PARA GENERACION DE GRAFICOS EN BASE A LISTAS
from sklearn.cluster import KMeans #LIBRER{A QUE PERMITE EL UTILIZAR EL ALGORITMO K-MEANS

—m .

In [2): WABRIMOS BASE DE DATOS CONTENIDA EN EL ARCHIVO "Base de datos BarOn Ice.csv”
estudlantes « pd.read_csv("Ci/Users/1uls6/OneDrive/Docunentos/Base de datos BarOn Ice.csv’, engine-"python")

In [3): PELIMINAOS LA PRINERA COLUNNA CORRESPONDIENTE A LA IDENTIFICACION DE LOS ALUMNOS
var - drop(['Alumno’), axis-1)

Escalamiento de datos

In (4): WIMPORTAMOS EL PAQUETE PREPROCESSING DE LA LIBRERIA SKLEARN PARA EL PROCESO DE NORMALIZACION DE LOS DATOS
from sklearn import preprocessing as pp

| In (5): LOS DATOS NORMALIZADOS A LA VARIABLE "DATOS_N”
' pp.Normalizer(). 1 ntes_var)

In [9): mumuummamumuwrm

Figere(figsize-[30.6])
£t Gel codo™)
‘pltadabel( "W de Clisteres’)
plt.ylabel(“Inercia®)
:kk.p)n(luuw(x. 19)), imercis, marker-‘o)
WMetods del codo
s
L
o
e
=%
ox
o
03
3 2 ) “ 3 . ] . »
W e Ousteres.

In [10): mn:mmumomuatmmalmunmnm
# NORMALIZADOS INICIAL “dotos =", f INDICAMDOLE LA CANTIDED DE CLUSTERES QUU DESERE GEnemax
algoriteo - DWeans(n_clusterss5, Salt-"-meanses’, max_iTer-30, =_falit-18)
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EJECUTAMOS EL ALGORITMO

In (10): WUNA VEZ ESTABLECIDA LA CANTIDAD OPTIMA DE CLUSTERES, EJECUTAMOS EL ALGORITMO CON EL SET DE DATOS
# NORMALIZADOS INICIAL “datos_n", E INDICANDOLE LA CANTIOAD DE CLUSTERES QUE DEBERA GENERAR
algoritmo = KMeans(n_clusters=7, init«"k-means++’, max_iter~300, n_init~10)

In [11): SAJUSTAMOS EL MODELO GENERADO CON LOS DATOS NORMALIZADOS EN LA VARIABLE “X"
algoritmo.fit(x)
Out[11): KMeans(n_clusterse?)

In [12): WASIGNAMOS LOS ATRIBUTOS "cluster_centers_" Y “"labels_" A LAS VARIABLES “centroides” Y "etiquetas™ RESPECTIVAMENTE
centroides, etiguetas - algoritmo.cluster_centers_, algoritmo.labels_

In [14): WIMPRIMIMOS CADA ALUMNO DEL SET DE DATOS INICIAL CON UNA ETIQUETA QUE IDENTIFICA EL CLUSTER AL CUAL
# HA SIDO ASIGNADO POR EL ALGORITNO
print(centroides)

[[©.34752106 ©.35778027 ©.38011507 ©.45470496 ©.32872467 0.35899151
©.40154247

pca - modelo_pca.transform(x)

#Reduccidn de dimensionalidad
centroides_pca « modelo_pca.transform(centroides)

#Colores para cada cluster
colores « [‘red’, ‘blue’, ‘green’, 'yellow', ‘black’, ‘purple’, ‘brown’)

#adignacidn de colores
colores_cluster - [colores[etiquetas(i]] for { in range(len(pca)))

mm Los componentes PCA
plt. (pca(:, @), pca(:,1], c-colores_cluster, marker - ‘o', alpha-0.4)

#Grafico de Los centroides
plt.scatter(centroides_pca[:, 8], centroides_pca[:,1], marker = ‘x', $+100, linewidths-3, c=colores)

#Guardamos Los datos en variables
xvector = modelo_pca.components_(@] * max(pca(:, @])
yvector « modelo_pca.components_[1) * max(pca[:, 1))
columnas ~ estudiantes_var.colunns

010






