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SUMMARY

Rooting is essential for the social and cultural integration
of immigrants in the host country. This research aims to use
machine learning techniques to explore predictor variables of
the rooting process of South American immigrants in Spain.
The study follows a cross-sectional design, with a sample of
634 immigrants. The main results indicate that low perceived
prejudice, contact with Spaniards, and stable employment are

important predictors of rooting. Future studies need to explore
more deeply into the quality of contact and the work experi-
ence of immigrants. The discussion is focuses on the relation-
ship between theory and results, with suggestions for improv-
ing the prediction of the rooting with machine learning. The
results of this study are valuable for public policies aimed at

immigrant integration.

Introduction

The rooting of the migrant
population is one of the main
challenges facing receiving
societies, as this sense of be-
longing contributes positively
to the social and cultural inte-
gration of the immigrant pop-
ulation (Gissi and Andrade,
2022; Gissi et al., 2023). To
support the integration of im-
migrant populations, studies
from the past decade have
identified key factors that pre-
dict this process, allowing for
their application based on
their demonstrated impact.
However, researchers have not
yet examined the variables
that predict rooting using
modern analytical techniques,

such as Machine Learning.
Consequently, this article aims
to evaluate the variables that
predict the rooting of immi-
grants through a machine
learning-based model. The
South American immigrant
population residing in Spain is
taken as a case study, as it is
the foreign group that has had
the most significant impact on
the social and economic agenda
of this country during the 21st
century (Gutiérrez Rodriguez
et al., 2023). The significance
of this study lies in the trans-
formative potential of machine
learning in the analysis of so-
cial data. These techniques can
overcome the limitations of
traditional methods, enhancing
accuracy in predicting complex

social phenomena. Identifying
patterns and trends through
machine learning is crucial for
informing public policies and
strategic planning, making this
study highly relevant (Leist et
al., 2021).

The structure of the article is
as follows: the first section pro-
vides context for South
American migration in Spain.
The second section explains the
relevance of rooting for this
population. The third section
describes the methodology, in-
cluding the design, analysis, and
results. Finally, the article dis-
cusses the theoretical implica-
tions of the findings and offers
suggestions for future research
on migration issues using
Machine Learning techniques.

South American immigration
in Spain

Throughout the 21st century,
Spain has become a primary
destination for a large flow of
migrants from South America
(Garcia Martinez, 2023), and it
is currently one of the coun-
tries with the largest South
American population in the
world (Gutiérrez Rodriguez et
al., 2023). The economic boom
Spain has experienced in re-
cent years, combined with its
privileged location as an entry
point to Europe, explains this
phenomenon, which has led
many immigrants to choose
Spain as their destination. The
shared language and cultural
similarities  also  drive
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VARIABLES PREDICTORAS DEL ARRAIGO INMIGRANTE: UN MODELO USANDO APRENDIZAJE AUTOMATICO
Jorge Diaz-Ramirez, José Berrios-Riquelme, Jorge Maluenda-Albornoz, Olaya Grau-Rengifo, Gustavo Castillo-Rozas y

Carla Vidal-Figueroa
RESUMEN

El arraigo es esencial para la integracion social y cultu-
ral de los inmigrantes en el pais de acogida. Esta investi-
gacion tiene como objetivo utilizar técnicas de aprendizaje
automdtico para explorar las variables predictoras del pro-
ceso de arraigo de inmigrantes sudamericanos en Espana. El
estudio sigue un disefio transversal con una muestra de 634
inmigrantes. Los principales resultados indican que un bajo
prejuicio percibido, el contacto con espanoles y un empleo

estable son predictores importantes del arraigo. Futuros es-
tudios deben profundizar en la calidad del contacto y la ex-
periencia laboral de los inmigrantes. La discusion se centra
en la relacion entre la teoria y los resultados, con sugeren-
cias para mejorar la prediccion del arraigo mediante apren-
dizaje automatico. Los resultados de este estudio son valio-
sos para las politicas publicas dirigidas a la integracion de
los inmigrantes.

VARIAVEIS PREDITIVAS DO ENRAIZAMENTO DE IMIGRANTES: UM MODELO USANDO APRENDIZADO

DE MAQUINA

Jorge Diaz-Ramirez, José Berrios-Riquelme, Jorge Maluenda-Albornoz, Olaya Grau-Rengifo, Gustavo Castillo-Rozas e

Carla Vidal-Figueroa
RESUMO

O enraizamento é essencial para a integragdo social e cultu-
ral dos imigrantes no pais anfitrido. Esta pesquisa visa utilizar
técnicas de aprendizado de maquina para explorar variaveis
preditoras do enraizamento de imigrantes sul-americanos na Es-
panha. O estudo tem um desenho transversal, com uma amostra
de 634 imigrantes. Os principais resultados indicam que a baixa
percepgdo de preconceito, o contato com espanhdis e o empre-

go estavel sdo preditores importantes do enraizamento. Estu-
dos futuros devem explorar mais profundamente a qualidade do
contato e a experiéncia de trabalho dos imigrantes. A discussdo

foca na relagdo entre a teoria e os resultados, com sugestoes

para melhorar a previsdo do enraizamento com aprendizado de
maquina. Os resultados deste estudo sdo valiosos para politicas
publicas voltadas para a integra¢do dos imigrantes.

migration, as they facilitate
immigrants' integration into the
labor market and social envi-
ronments (Canadas-Romero et
al., 2024). In recent years,
studies have focused on under-
standing how this population
integrates into society, analyz-
ing various psychosocial vari-
ables involved in this process.
These studies have shown that
this population embarks on a
long-term migration project,
contemplating family settle-
ment and, in some cases, plan-
ning to stay permanently
(Gutiérrez-Rodriguez et al.,
2024). The sense of rootedness
that immigrants develop in
their new environment, as well
as their engagement with new
cultural practices, would deter-
mine their extended stay in the
host society (Cafiadas-Romero
et al., 2024). The rooting of
South American immigrants
provides insight into how they
relate to their migratory,
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personal, and family projects,
as well as the patterns they
follow to secure employment
and organize their survival in
the host country (Sampedro
Gallego and Camarero Rioja,
2017). Evidence suggests that
rooting is a key variable that
promotes good mental health
(Urzua et al., 2019) and plays a
fundamental role in the identi-
ty processes of immigrants
within the host society, con-
tributing to their well-being
and favoring positive inter-
group relations (Berrios-
Riquelme et al., 2022).

Rooting of immigrants and its
predictor variables

Rooting is the act of devel-
oping an emotional connection
with a particular geographic
areca (Kyle et al., 2004;
Morgan, 2010). The social sci-
ences interpret this concept as
the idea of "putting down

roots" in a territory where a
person decides to settle for an
extended and indefinite period
(Malkki, 1992; Quezada
Ortega, 2007). From a migra-
tory perspective, we under-
stand this concept as a psycho-
social variable that encompass-
es how immigrants develop a
sense of belonging to the host
society through territorial and
sociocultural ties (Berrios-
Riquelme et al., 2022).

The rooting process enables
the understanding of immi-
grants' intentions to seek socio-
cultural integration strategies
that facilitate their long-term
stay in the receiving country
(Roessler Vergara et al., 2022).
Thus, rooting allows immi-
grants to relate positively with
local communities and begin to
develop a sense of belonging
(Millan-Franco et al., 2019;
Torrente et al., 2011), which
ultimately results in a connec-
tion to the social and cultural

aspects of the society they are
entering (Berrios-Riquelme et
al., 2022).

The importance of rooting as
a psychosocial variable in mi-
gratory contexts lies in its abil-
ity to alleviate the emotional
distress experienced by mi-
grants due to leaving their past
life behind (Morgan, 2010),
and in its role in helping them
cope with experiences of exclu-
sion and discrimination, which
they often face (Urzua et al.,
2019). Additionally, uprooting
is linked to isolation and exclu-
sion in the host society, poten-
tially leading to mental health
issues such as depression or
anxiety (Garcia Ballesteros et
al., 2009). Although literature
suggests that South American
immigrants would have an eas-
ier time integrating into Spain
due to historical and cultural
ties, they still must navigate a
series of variables that impact
their process of rooting in
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different ways (Sampedro
Gallego and Camarero Rioja,
2017). The situation becomes
challenging for these individu-
als, as their desire to root may
be diminished, directly affect-
ing their integration process.
The personal experiences of
immigrants play a significant
role in shaping these vari-
ables, with perceived prejudice
being one of the most import-
ant factors (Berrios-Riquelme
et al., 2018). Literature also
highlights the importance of
contact with the majority
group (Sanchez-Castello et al.,
2022), the nature of employ-
ment relationships (Gil-
Gonzalez et al., 2013), and the
length of time spent in Spain
(Torrente et al., 2011) in shap-
ing the rooting process.

It is necessary to explain
how these variables have af-
fected the rooting of South
American immigrants in Spain
by examining the social con-
text in which these people live,
where the media and political
parties have constructed a neg-
ative image of migration in the
country. Firstly, the media have
portrayed immigration as a
threat to Spanish security and
identity (Oller Alonso et al.,
2021), which is why immi-
grants are often stigmatized
and socially devalued (Berrios-
Riquelme et al., 2018).
Meanwhile, political parties
have also contributed to con-
structing immigrants as a prob-
lem for society, claiming that
they are an enemy that will
change Spanish cultural identi-
ty and take over their jobs
(Fernandez Romero et al.,
2021; Olmos Alcaraz, 2023).
These beliefs have created a
hostile climate for the immi-
grant population, as the
Spanish population has relied
on these beliefs to justify and
manifest xenophobic attitudes
towards the foreign population
residing in the country
(Narvaez Llinares and Pérez-
Rufi, 2022).

According to Roessler
Vergara et al. (2022), the nega-
tive attitudes experienced by
immigrants are crucial to con-
sider when studying the foreign
population’s desire to settle in
the country since the negative

experiences they accumulate
become a factor that decreases
the possibility that they will
feel the desire to continue liv-
ing in the country. Therefore,
this approach is adopted be-
cause the prejudice perceived
by immigrants limits their pos-
itive interactions with nation-
als, hindering their inclusion
process, given that when they
feel rejected, they also feel no
desire to integrate into a soci-
ety that frowns upon them and,
therefore, they avoid contact
with nationals (Berrios-
Riquelme et al., 2018).
Additionally, prejudice consti-
tutes a barrier that affects so-
cial life and how immigrants
establish their intergroup rela-
tions (Jasinskaja-Lahti et al.,
2007). Therefore, it is possible
to hypothesize that perceived
prejudice negatively affects the
rooting of immigrants.
Researchers have extensively
studied the impact of contact
in the context of migration as
another variable, suggesting
that as immigrants and nation-
als interact more frequently,
their intergroup relations will
improve (Pettigrew and Tropp,
2006). The contact theory
points out that the constant
relationship between both
groups allows mutual knowl-
edge, decreases prejudices
(Pettigrew and Tropp, 2008),
and improves coexistence
(Hayward et al., 2018).
Simultaneously, constant inter-
action allows immigrants to
learn to interact according to
prevailing cultural patterns and
to understand how to function
in the new world (Kenfack et
al., 2024). The relationship is
also seen as emotional and
instrumental support that con-
tributes to strengthening the
sense of community towards
the place and culture where
they are developing their lives
(Millan-Franco et al., 2019).
Thus, when immigrants have a
larger amount of positive inter-
actions with nationals, these
will be reflected in a better
integration process and, there-
fore, their desire to remain in
the host society will be greater
(Tropp et al., 2018). Regarding
the above, it is possible to hy-
pothesize  that  contact
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positively predicts immigrants’
level of rooting.

The length of time immi-
grants reside in the host coun-
try is also a predictor variable
of rooting. Literature indicates
that this relationship is ex-
plained by the fact that the
longer an immigrant is in the
new country, the stronger their
support networks become and
the more frequently they par-
ticipate in community activi-
ties (Torrente et al., 2011).
These factors are necessary for
immigrants to have significant
opportunities to learn about
prevailing cultural patterns,
such as how to speak and ex-
press themselves (Gissi
Barbieri et al., 2019).
Meanwhile, with more years in
the host society, their ties to
the neighborhood where they
live increase, enhancing the
sense of feeling accepted and a
greater desire to continue liv-
ing in that society (Millan-
Franco et al., 2019). Therefore,
it is possible to hypothesize
that years of residence in the
destination country positively
predict rooting.

The employment status of
immigrants represents another
variable in their level of root-
ing; however, it is necessary to
differentiate how their contrac-
tual relationship is regulated,
whether the person works with
a contract or without one, and
also to consider whether they
are not working. Firstly, the
employment contract plays a
crucial role in the rooting pro-
cess for employed immigrants,
as they require this document
to obtain and maintain the res-
idence permit (Esteban-Pefias
and Mendoza, 2023). Having a
work contract also makes it
possible to plan a medium- and
long-term migration project
(Berrios-Riquelme, 2021). The
hypothesis is that an employ-
ment relationship regulated by
an employment contract posi-
tively predicts rooting.

Considering the reality of
migrants who work without a
contract, they are generally in
an irregular administrative
situation, and the work they
perform is usually dangerous
and demanding (Briones-
Vozmediano et al., 2022),

which leads to immigrants
living under a constant state
of despair and frustration
(Navarro-Gambin and Jansen,
2024). This situation would
lead to them having little
chance of feeling rooted.
People who are not employed
face a similar reality and will
encounter structural barriers
and restrictions that could en-
hance their exclusion
(Carrasco, 2015), since work is
the key that opens the doors
to integration (Baglioni and
Calo, 2023). Therefore, the
hypothesis suggests that work-
ing without a contract nega-
tively predicts rooting, and the
hypothesis also suggests that
being unemployed negatively
predicts rooting.

The present research aims to
evaluate the predictive vari-
ables of rooting through ma-
chine learning techniques,
which will allow us to explain
the extent to which certain
variables affect the integration
process of these individuals.
The literature review suggests
that four variables are implicat-
ed in the levels of attachment
of the migrant population,
which allows us to propose the
following hypotheses:

1. Perceived prejudice is a ne-
gative predictor of immigrants’
rooting.

2. Contact is a positive predic-

tor of the level of immigrant
attachment.

3. Years of residence in the
destination country are a posi-
tive predictor of rooting.

4. An employment relationship
regulated by an employment
contract will positively predict
rooting.

5. Working without a contract
is a negative predictor of
rooting.

6. Not having a job is a nega-
tive predictor of rooting.

Methodology
Participants

The present research had a
non-experimental cross-section-
al methodology and a

non-probabilistic sample. Due
to the impossibility of having a
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defined sample frame, we es-
tablished three inclusion crite-
ria to ensure the sample was as
homogeneous as possible: a)
being a South American immi-
grant, b) having lived in Spain
for more than one year, and c)
being of legal age. The 724
South American immigrants
agreed to answer the question-
naire using convenience sam-
pling in public spaces, institu-
tions, and different immigrant
associations in Valencia
(Spain). After purging the data-
base, only 634 cases remained
that contained all the necessary
information to carry out the
analysis, with 381 (60.1%)
identifying themselves as fe-
male and 253 (39.9%) as male.
The mean age of the partici-
pants was M = 36.63 (SD =
11.38). Regarding the country
of origin of these individuals,
the majority were from Chile
(n= 165), Colombia (n= 156),
Ecuador (n= 138), and Bolivia
(n= 103), and the rest were
from other countries (n= 72).
Regarding their administrative
status, most were in regular
status (n= 586), and only a
small group were in irregular
status (n= 48). Concerning
their employment status, the
majority were working with a
contract (n= 302), followed by
those who were unemployed
(n= 227), and finally, those
who were working without a
contract (n= 105).

Procedure

Researchers sampled various
folkloric, sports, and recre-
ational associations of immi-
grants in Valencia (Spain).
They asked participants in
these settings if they were in-
terested in participating in the
study. The organizers explained
that participation would be vol-
untary, without compensation,
and that they would treat their
responses confidentially and
anonymously. Participants then
read and signed an informed
consent form. Thus, the study
adhered to the Declaration of
Helsinki principles for human
subjects research (World
Medical Association, 2013).
The participants self-adminis-
tered the questionnaires, taking
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an average of 30 minutes to
respond to each question.

Instrument

The first section of the ques-
tionnaire delved into the cru-
cial sociodemographic variables
that shape the experiences of
Latin American immigrants in
Spain: gender, nationality, age,
employment status, years of
residence in Spain, and admin-
istrative status. These variables
are key to understanding this
population’s unique challenges
and opportunities. The second
section of the questionnaire
utilized three scale variables:
rooting, perceived emotional
prejudice, and contact.

The Latin  American
Immigrant Rooting Scale
(Torrente et al., 2011) is a
comprehensive instrument that
measures the degree of attach-
ment of Latin American immi-
grants. In this study, we used
the abbreviated version of eight
items proposed by Berrios-
Riquelme et al. (2022). These
eight items comprehensively
measure rooting, understood as
the link with the place and the
degree of closeness to the local
culture. The items are in a
five-category Likert-type re-
sponse format, ranging from
not at all (1) to very much (5).
The minimum score one must
obtain is eight, and the maxi-
mum is 40. The scale’s internal
consistency was good, accord-
ing to Cronbach’s Alpha (0=
0.868) and McDonald’s Omega
(o= 0.870).

Perceived Emotional Bias
(Frias-Navarro, 2015). This
instrument assesses the preju-
dice immigrants perceive
through the emotions that
Spaniards express towards
them. The emotions studied
were insecurity, distrust, rejec-
tion, hostility, pity, hatred,
indifference, and fear. The
response format was Likert-
type, with options ranging
from not at all (1) to very
much (5). The minimum score
was eight, and the maximum
was 40 points. The internal
consistency values were good
according to Cronbach’s Alpha
(a= 0.858) and McDonald’s
Omega (o= 0.862).

Contact. Researchers as-
sessed this variable by asking
three questions. The first ques-
tion was, Is there any Spanish
person within your closest
friendships?, which had two
response options: "No" (1) and
"Yes" (2). The second question
was, Do you share any activity
unrelated to your work or
studies with any Spanish per-
son? It had three response op-
tions: "Never" (1), "Sometimes"
(2), and "Always" (3). The third
question was, How do you val-
ue your relationship with
Spaniards? The response op-
tions were: "Not Affective" (1),
"Normal" (2), and "Affective"
(3). We calculated the total
value of the contact variable by
adding up all the response op-
tions, resulting in a minimum
score of three and a maximum
of eight. The higher the score,
the greater the degree of con-
tact that immigrants have with
Spaniards.

Data analysis

Machine Learning, which
enables computers to learn au-
tonomously how to use data-
bases without executing specif-
ic programming for each task,
was used for data analysis.
Algorithms in this field ana-
lyze data to discover patterns
and, based on them, make pre-
dictions or decisions (Diaz-
Ramirez, 2024). Initially, pre-
processing was carried out by
running an Exploratory Data
Analysis (EDA) and modeling,
as they are essential to under-
standing the nature and inher-
ent relationships of the data
and identifying the most appro-
priate models to represent and
predict these relationships
(Diaz-Ramirez, 2021; Milo and
Somech, 2020).

Preprocessing

The data preparation process
was meticulous, starting with
loading the corresponding file.
We carefully eliminated col-
umns that were judged irrele-
vant to the analysis and model-
ing. As a result, in the data-
base, we refined and were left
with a set of variables, includ-
ing rooting, perceived

prejudice, contact with
Spaniards, years of residence
in Spain, and employment sta-
tus. We then categorized the
numerical variables, where per-
ceived prejudice, contact with
Spaniards, and years of resi-
dence in Spain were recorded
in sections according to the
mean to separate them into
“low” and “high” scores. The
contract variable continued as
a polytomous variable with
three response options: the per-
son works with a contract
(with), the person is not work-
ing (no), and the person is
working without a contract
(without). Afterward, they were
transformed into Dummy vari-
ables (Allen, 1997) so that the
newly categorized variables
would be appropriately treated
as categorical and, thus, im-
prove the control over them
when performing the analysis
in Pycaret. After applying the
described transformations, we
selected the variables of inter-
est for the analysis. This re-
finement process culminates
with creating a new dataset
ready for further analysis and
modeling, optimizing data
quality, and establishing a solid
base for the subsequent phases.

Exploratory data analysis

Exploratory Data Analysis
(EDA) is a comprehensive
technique for examining and
understanding the structure and
characteristics of data before
delving into more advanced
analyses (Komorowski et al.,
2016). In our study, EDA
played a pivotal role in visual-
izing the distribution of key
variables and understanding the
relative importance of the dif-
ferent characteristics of the
target variable, rooting. The
initial exploratory analysis fo-
cused on examining the distri-
bution of categorical variables
within the data set. Examining
the distributions of the categor-
ical variables revealed clear
patterns within the data set
(Table I). For example, the
variables Contact and
Residence show a predomi-
nance of "high," respectively,
indicating generally high levels
of contact and favorable
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TABLE 1
DISTRIBUTION OF FREQUENCIES OF CATEGORICAL VARIABLES

Variable High Low With No Without Total
Contact 515 119 - - 634
Prejudice 72 562 - - 634
Residence 511 123 - - 634
Contract - - 302 227 105 634

residence conditions among the
individuals studied. The
Perceived Prejudice variable
indicates that the "low" catego-
ry includes most participants.
In addition, the employment
status variable shows a more
varied distribution, with a ten-
dency towards the existence of
formal contracts.

Figure | presents a histo-
gram showing the distribution
of the variable rooting. The
distribution shows two peaks,
one around the low values of
rooting and the other near the
higher values, indicating a pos-
sible bimodality in the distribu-
tion of the variable. The more
prominent peak at the upper
end suggests a significant data

concentration at higher rooting
levels. The smoothed curve of
the Kernel Density Estimation
(KDE) overlaid confirms this
observation, highlighting areas
of higher and lower density
records in the sample (Scott,
2015). Collectively, the histo-
gram and KDE curve visually
describe the variability of the
variable rooting within the data
set in detail, facilitating the
identification of patterns and
understanding of the centrality
and dispersion of the data.

Modeling
At this stage, selecting the

most suitable model to fit the
data for identifying the

predictor variables of rooting
occurs. The preparation and
analysis of the dataset are done
using the PyCaret automation
library (PyCaret 3.0, 2023).
The preparation starts with
configuring the modeling envi-
ronment by specifying the data
and the target variable to be
predicted (rooting). Seventy
percent of the data is used for
training, and highly correlated
variables are eliminated to pre-
vent multicollinearity (PyCaret
FS, 2023). Moreover, transfor-
mations are applied to improve
the data distribution (PyCaret
ST, 2023). After configuring
the environment, several mod-
els are trained and compared
with PyCaret’s method, using
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Figure 1: Distribution of rooting.

JIVERCIENCJA DECEMBER 2024 « VOL. 49 N° 12

the Mean Absolute Error
(MAE) as a comparison crite-
rion to select the best model
to represent the data (Table
IT). MAE measures the aver-
age magnitude of prediction
errors. Other metrics included
were MSE, the average of the
squared prediction errors;
RMSE, the square root of
MSE; RMSLE, for relative
prediction errors; and MAPE,
which expresses accuracy as
a percentage.

When comparing the regres-
sion models presented in Table
II, Ridge Regression emerges
as the best model thanks to its
Mean Absolute Error (MAE) of
4.6420, demonstrating its supe-
riority for accurate and consis-
tent predictions (Sinkovec et
al., 2021). After implementing
strategies to prevent multicol-
linearity, the model remains
robust and has predictive capa-
bility, such as removing highly
correlated variables in PyCaret.
Ridge Regression’s effective-
ness, evidenced by its low
MAE, can be attributed to its
handling of multicollinearity
(Duzan and Shariff, 2015) and
also to its penalty methodology
that adjusts the magnitude of
the coefficients to prevent over-
fitting and optimize the balance
between bias and variance
(Arashi et al., 2021; Ogutu et
al., 2012). This approach im-
proves the model’s generaliza-
tion and contributes to its pre-
dictive performance, even on
moderately sized data sets.
Thus, the ability of Ridge
Regression to provide accurate
and consistent predictions,
keeping all variables under con-
sideration and adjusting their
influence by penalizing, under-
lines its usefulness in identify-
ing predictor variables of root-
ing. Therefore, the choice of
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TABLE II
TOP 10 PYCARET TRAINING RESULTS

Model MAE MSE RMSE R2 RMSLE MAPE
Ridge Regression 4.6420 33.9217 5.8147 0.0519 2.280 0.1972
Linear Regression 4.6432 33.9400 5.8162 0.0514 2.280 0.1972
Least Angle Regression 4.6432 33.9400 5.8162 0.0514 2.280 0.1972
Huber Regressor 4.6477 34.0002 5.8214 0.0495 2.283 0.1977
Bayesian Ridge 4.6581 33.9928 5.8219 0.0495 2.284 0.1979
Elastic Net 4.6591 34.0016 5.8224 0.0494 2.283 0.1979
Lasso Regression 4.6610 34.0299 5.8248 0.0486 2.285 0.1980
Lasso Least Angle Regression 4.6610 34.0299 5.8248 0.0486 2.285 0.1980
Light Gradient Boosting Machine 4.6745 34.3558 5.8525 0.0392 2.293 0.1983
Gradient Boosting Regressor 4.7011 34.7929 5.8892 0.0275 2.308 0.1995

MAE: measures the average magnitude of prediction errors, MSE: average of the squared prediction errors, RMSE: square root of MSE, RMSLE:
relative prediction errors, MAPE: accuracy as a percentage.

Ridge Regression reflects a
strategy to maximize accuracy
and interpretability in the data
model, ensuring reliable and
high-quality predictions.

Results

The analysis of the variable
rooting through the Ridge
Regression model yielded three
visual interpretations that shed
light on the relative impor-

tance and sensitivity of the
predictor variables.

Contract_With

Contract_Without

Contact_high
Contract_No ®

Residence_high ®

Features

Prejudice_low ®
Contact_low °
Residence_low L

Prejudice_high L
0.0

Figure 2 shows that con-
tractual conditions (represent-
ed by "with an employment
contract" [works with a con-
tract] and "without a contract"
[works without a contract])
emerge as predictor variables
of rooting, showing a strong
link between the nature of the
contract and the feeling of
being part of Spanish society.
Subsequently, we observe that
frequent  contact  with
Spaniards and a more extend-

ed residence in Spain
°

)
0.2 0.4 0.6

0.8

significantly predict the root-
ing of South American immi-
grants. These findings under-
line the preponderance that
employment status, degrees of
intergroup contact with
Spanish citizens, and years of
residence in the country are
the central axes in predicting
the rooting of South American
immigrants in Spain.

Figure 3 shows the impact of
the permutation of the values
for the variables on the model’s
predictive accuracy (Altmann

10 12 14

Variable Importance

Figure 2: Features importance for Ridge Regression.
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et al., 2010). High contact with
Spaniards has an inverse influ-
ence on the level of rooting.
Having a stable employment
situation regulated by a work
contract or working without a
contract also suggests a nega-
tive relationship for the rooting
of South American immigrants.
Furthermore, immigrants per-
ceiving a low level of prejudice
would encourage immigrant
rooting. Interestingly, although
the other variables are relative-
ly less relevant, they also inter-
act in the predictive model.
The sensitivity analysis re-
sults of Morris (1991) reinforce
the preponderance that a high
level of contact with Spanish
people and a labor situation
regulated by a contract are
important predictors of rooting
(Figure 4). The observed pat-
tern consolidates the notion
that the amount of contact and
the labor situation regulated by
a contract are important pre-
dictors of the rooting of South
American immigrants in Spain.
Additionally, the convergence
index of 0.000 suggests that
the estimates of the effects of
the input variables achieved
stability in the model’s output
and do not vary with the in-
crease of more trajectories in
the analysis. Finally, both the
employment status and the
amount of contact are determi-
nants for the inverse prediction
of the rooting of South
American immigrants;
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Figure 3: Significance of features by permutation.
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Figure 4. Morris sensitivity analysis.

moreover, perceiving little prej-
udice and more years in Spain
will also influence the rooting
variable, although its direct
impact is minor.

Discussion

Rooting in the migrant pop-
ulation is a measure that al-
lows us to understand the bond
that these individuals have
with the society that welcomes
them. As such, it has become a
fundamental piece for evaluat-
ing and understanding the inte-
gration of these people in the
host society (Berrios-Riquelme
et al., 2022). The present study

15 2 25 3

sought to evaluate the predic-
tive variables of rooting in
South American immigrants
in Spain through a
predictive model using
Machine Learning.

The results underline the
regression model’s usefulness
in predicting rooting. They
highlight that having a high
level of contact with
Spaniards, having a work con-
tract, and perceiving little prej-
udice were the variables with
the most significant weight
and importance in the model
for predicting the rooting of
South American immigrants in
Spain. Having a high level of
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contact with Spaniards and
having a work contract were
inverse predictors of immi-
grants’ rooting in Spain; on
the other hand, low prejudice
was a positive predictor of
immigrants’ rooting in Spain.
Regarding the findings on
the contact variable, it is possi-
ble to point out that having
high contact with the Spanish
population would predict the
level of rootedness; however,
the relationship found was in-
verse and contrary to the hy-
pothesis. These findings are
contrary to contact theory,
which suggests that having
high contact with the national

population will be beneficial
for intergroup relations
(Pettigrew and Tropp, 2006)
and for the integration of the
migrant population (Kenfack et
al., 2024). An explanation
could be that the accumulation
of negative experiences charac-
terizes this level of contact,
leading immigrants to feel un-
rooted in the host society due
to specific situations in which
the quality of contact plays a
more essential role than its
quantity (Stephan et al., 2000).
The importance of the quality
of contact in studies with mi-
nority groups has made it pos-
sible to explain the specific
effects of this variable in con-
texts of intergroup relations
(Frias-Navarro et al., 2020).
This result opens new avenues
for further research on contact
theory in the context of inter-
national migration.

Regarding the contractual
relationship of the immigrants,
it was found that working with
a contract predicted rooting;
however, the relationship was
inverse and contrary to the
theory proposed, where having
an employment contract would
positively predict rooting. A
possible explanation for this
could be that immigrants are
aware that Spaniards see them
as a threat in the labor context
(Berrios-Riquelme et al., 2018),
and they could be victims of
negative attitudes in this con-
text (Agudelo-Suarez et al.,
2009). Recent evidence sup-
ports the observed predictive
relationship, showing that
working with an employment
contract does not free immi-
grants from negative experienc-
es (Berrios-Riquelme et al.,
2024). This result is contradic-
tory with theory and the em-
pirical evidence on the subject,
making it a promising topic for
further research.

Perceived prejudice was also
a significant predictor of South
American immigrant rooting
when this variable had low
levels. It is important to note
that this finding reveals the
importance of environments
with intergroup respect, in
which perceiving low prejudice
would be a prominent predictor
of good rooting levels. A novel
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result, it is consistent with
the literature on discrimina-
tion and prejudice, in which
low levels of these negative
attitudes would be beneficial
for facilitating the correct
insertion of the migrant pop-
ulation (Roessler Vergara et
al., 2022). The analysis of
these results is critical in
pointing out that immigrants
would have problems access-
ing positive relationships in
the labor setting. Meanwhile,
the predictive role of perceiv-
ing low prejudice would be
consistent with an environ-
ment facilitating the rooting
of the foreign population.

Further study of these vari-
ables as a whole will be bene-
ficial to understand immi-
grants' relationships with the
local population, as the will-
ingness to take root does not
only stem from the migration
project itself but is also strong-
ly influenced by the experienc-
es individuals have in their
intergroup relationships (Tropp
et al., 2018).

The model tested in this
study allows us to better un-
derstand the phenomenon of
immigrant rooting, demonstrat-
ing the importance of working
with methodologies rooted in
Machine Learning techniques
to analyze social data and
identify complex patterns.
Expanding this kind of work
by adding more variables to
the model could provide more
precise insights into the factors
that promote or hinder immi-
grant integration.

Understanding the relation-
ship between the variables in-
volved in the rooting of immi-
grants not only requires an ex-
haustive analysis of psychoso-
cial variables but also an eval-
uation of structural factors.
Based on this, the following
suggestions are made for the
implementation of public plans
and policies that promote the
integration of immigrants. First,
policies should focus on pro-
moting diversity, equality, and
inclusion to foster a social en-
vironment in which immigrants
feel supported in developing
their rooting. A second key
area for evaluation is the imple-
mentation of labor policies that
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encourage intergroup relations
based on respect. Work, after
all, is not just a factor of eco-
nomic stability for immigrants;
it is one of the main contexts
in which they are supported in
realizing their migration project
(Berrios-Riquelme, 2021) and
beginning their process of root-
ing (Baglioni and Calo, 2023).
Although the present re-
search results are insightful,
the study does have certain
limitations that should be con-
sidered. The primary limitation
is the non-probabilistic nature
of the sample, which means the
findings cannot be generalized
to the entire migrant popula-
tion in Spain, potentially af-
fecting the external validity of
the results. Additionally, the
population studied consists
solely of South American im-
migrants, most of whom were
recruited from immigrant asso-
ciations, which could have in-
fluenced their responses due to
social desirability bias. In this
regard, an area for improve-
ment is the study’s design,
which does not allow for estab-
lishing cause-and-effect rela-
tionships. Future studies could
address this limitation by using
longitudinal designs to observe
how the variables predicting
rooting evolve over time.
Continuing in this line of
research will help identify
emotional and behavioral pro-
cesses that explain rooting.
Therefore, we offer the follow-
ing suggestions for future re-
search. The first result from
the contact variable shows no
evidence of an association in
the hypothesized direction. A
suggestion would be to consid-
er a variable that evaluates the
quality of contact that immi-
grants maintain in their inter-
group relations. Another useful
approach could involve comple-
menting quantitative research
with qualitative methods that
allow a deeper exploration of
the motivations immigrants at-
tribute to their intergroup in-
teractions. Additionally, further
investigation is needed into
why immigrants with perma-
nent contracts might present
better levels of rooting. This
phenomenon remains underex-
plored in the literature and

warrants further academic in-
quiry. Finally, future research
could benefit from exploring
more complex models that in-
corporate additional variables,
such as migratory status, gen-
der, or whether the immigrant
has applied for nationality in
the receiving  country.
Structural factors like migra-
tion policies and access to so-
cial services should also be
considered, as they play a piv-
otal role in shaping the immi-
grant experience.

In conclusion, the evidence
presented in this study empha-
sizes the importance of ad-
vanced Machine Learning
techniques in creating deep
and accurate predictive models
for social phenomena like root-
ing. In the current era of mi-
gration, understanding how
immigrants become rooted in
host societies is crucial, as this
variable will influence their
overall development and inte-
gration. The findings presented
here will be valuable for fu-
ture transdisciplinary ap-
proaches, enabling the design
of more effective public inter-
vention strategies aimed at
promoting the integration of
migrant populations.
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