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ABSTRACT

In a technological society, the adaptability of students and the need for interaction demand collaborative work,

self-esteem, time management, and problem-solving skills. Considering the above, the inclusion of digital skills is essential

because students often face difficulties in virtual modalities and sometimes fail to reach the expected conceptual-linguistic

performance. This study aims to identify the impact of soft skills on learning biology in a foreign language in virtual

environments. For this, a quantitative, correlational, and cross-sectional approach was followed, obtaining the following

results: the management of emotions, interpersonal communication, critical thinking, autonomy and knowledge of the

use of technology are elements that positively affect the conceptual learning of biology in English as a foreign language

(EFL) since they allowed to analyze, evaluate and synthesize the information in virtual classrooms thanks to the emotional

competence. Indeed, it reduces stress, avoids anxiety or frustration, and develops interpersonal communication skills for

empathic, responsible, self-regulated, and autonomous interactions. All these elements contributed to the adaptation of

such environments with motivational dyes based on collaborative work. The correlation between soft skills and learning

biology in EFL was positive and strong. It helps to corroborate the hypothesis, pointing out that the more students apply

soft skills in their learning process, the better their academic performance will be. In conclusion, socio-affective skills are a

fundamental complement to cognitive skills. Above all, the contribution focuses on the functionality and influence of soft

skills in online learning processes to foster high-quality praxis and their inclusion in educational programs.
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1. Introduction

Soft skills are considered a capacity that enables emo-

tional management, adaptation to learning environments, as-

sertive social interaction, and the negotiation of ideas, all of

which are necessary for everyday life [1–4]. In the educational

field, these skills have been the focus of analysis in various

studies, demonstrating their usefulness for students’ com-

prehensive development [5–9]. In this order of ideas, within

foreign languages, linguistic and formative skills in the lan-

guage require other skills that contribute to the improvement

of communicative competence [10–12] since soft skills provide

the opportunity to enrich this holistic training. At the same

time, language learning for specific purposes is mediated by

the trends and uses of technology (applications, websites,

platforms, social networks), which produces in students the

need to adapt and adjust the way they learn [13–16]. However,

studies have shown that students in virtual environments

experience difficulties developing communication and lin-

guistic skills, impacting their academic performance because

soft skills limit student learning [17].

This has led to interest in determining the impact of

soft skills in digital environments on learning, in this case,

biology. To this end, this study is conducted in three phases.

First, the theoretical framework that supports the conceptual

framework is presented. Second, an instrument is applied

to obtain precise data based on students’ perceptions of soft

skills in learning biology in virtual environments. Finally,

the results are examined to determine the correlation between

soft skills and academic performance in learning biology in

a foreign language.

2. Theoretical Framework

2.1. Learning in Virtual Spaces

The process of learning biology in a foreign language

can be understood as the set of strategies and actions for

acquiring knowledge and skills in a new linguistic system.

It is a metacognitive process in which the student seeks to

develop communicative competence to interact appropri-

ately in real-life communication situations [18]. In this regard,

technology has a leading role as a mediator between learn-

ing content and the student in virtual spaces. Thanks to

its inclusion, the implementation of planned learning pro-

cesses for communicative competences is facilitated through

websites, applications, platforms, and software, generating

self-management skills, autonomy, discipline, and organiza-

tion [19]. In this way, there are essential aspects for learning

in virtual spaces, including: the approach or methodology,

the use of linguistic components, and learning strategies.

In the communicative approach, the meaningful and

functional use of the foreign language is fundamental for

the development of communicative competencies, which

are learned and practiced through reception, production, and

mediation activities [20]. In this sense, methodological ap-

proaches present a comprehensive range of teaching strate-

gies and resources designed for both classroom and extracur-

ricular settings. These methods aim to cultivate meaning-

ful and experiential learning by engaging students with the

linguistic and cultural dimensions of the foreign language.

This is achieved through communicative tasks and activities,

project development, and collaborative work [21,22]. More-

over, a task-based learning dynamic emphasizes meaningful

interactions that align with specific communication goals,

considering verbal needs and the negotiation of meanings.

It also involves planning of content and simulating real-

life communication situations [23]. This approach assesses a

user’s language proficiency across three levels: linguistic,

pragmatic, and cultural.

The importance of the learners’ cognitive and socioe-

motional aspects is highlighted due to the social nature of

their learning, pointing out three major components. The

first is linguistic, which refers to linguistic and lexical skills.

The second is pragmatic, which addresses discursive and

strategic skills; and the third is sociolinguistic, which refers

to sociocultural and intercultural skills. All of these together

enable the development of expression, understanding, and

interpretation of the sociocultural meanings present in an

interaction [24].

To develop the mentioned components, students can

rely on the use of learning strategies, which can be classified

as: a) cognitive strategies used for the comprehension and

retention of linguistic knowledge; b) metacognitive strate-

gies that allow students to understand their learning process;

c) mnemonics used to memorize linguistic components; d)

compensatory strategies as mechanisms for adapting cogni-

tive and behavioral resources to complete a communicative

task or activity; e) affective strategies associated with the
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student's motivation and perception of language learning; and

f) social strategies used in interaction activities to develop

intercultural competencies [25].

2.2. Soft Skills in Learning Biology

Soft skills, considered as personal attributes that enable

effective interaction and collaboration, first gained recogni-

tion in a military setting in 1972. The necessity for soldiers

to develop skills related to social, communicative, and emo-

tional aspects underscored the importance of these compe-

tencies in high-stakes environments. Since then, the rele-

vance of soft skills has expanded significantly, particularly

within educational frameworks. These skills are related to

personality aspects oriented toward academic and profes-

sional success, as well as the completion of projects and

assignments [26].

However, the suitable application of soft skills to ed-

ucational processes has not yet been established. Various

authors [27–29] identify essential soft skills that should be de-

veloped in both instructional and professional settings, in-

cluding self-esteem, empathy, conflict resolution, collabo-

rative work, creativity, communication skills, leadership,

motivation, adaptability, time management, job competitive-

ness, responsibility, and ethics. These allow us to establish

what is most relevant in training processes to achieve inte-

grated learning from cognitive, metacognitive, and emotional

perspectives [30]. In foreign language learning, the use of spe-

cific skills is seen as crucial, particularly when technology

is involved. Thus, skills such as adaptability, assertive com-

munication, and collaborative work enable interaction and

collaboration among participants in a language class, and

this engagement contributes to a productive learning experi-

ence [31,32].

Besides, communicative competence is considered a

soft skill since its characteristics include the development of

effective communication skills and social interaction, con-

sidering socio-emotional and behavioral aspects [33]. Among

the soft skills that permeate learning are the following:

Emotional skills. These skills are responsible for pro-

moting students’ comprehensive cognitive and emotional

development through emotional regulation [34].

Interpersonal communication skills. They are associ-

ated with social interaction activities and serve to establish

effective and understandable communication through active

listening and the expressive capacity to provide assertive

and empathetic responses. They also regulate the adaptabil-

ity of linguistic codes and verbal and nonverbal elements

according to the communication channel [35].

Critical thinking. They are used to analyze and validate

linguistic information, cultural aspects, and the effective use

of resources. They allow for awareness in communicative

activities and lead to critical reflection on the use of linguis-

tic resources to ensure understanding of the messages in a

conversation. It also develops the ability to resolve commu-

nication difficulties or problems with users from different

cultures [36].

Motivation. It triggers in the student the desire or inspi-

ration to learn a language through continuous practice of the

structural elements of the target language and participation in

conversations with native speakers. It develops an interest in

managing the activities and resources, both physical and dig-

ital, used in the teaching process. In virtual classes, it is the

key point for regulating the use and appropriate application

of digital materials, as well as the dynamic implementation

of planned activities to activate interactions among all course

participants [37].

Adaptability to the use of technology. It allows for the

management of activities, content, and resources within a vir-

tual learning environment, utilizing techno-pedagogical me-

diation, metacognitive strategies, interaction management in

virtual communities, and the use of technology as a learning

tool, fostering the development of autonomy, socialization,

and gamification [38,39].

Autonomy. It fosters responsibility and decision-

making regarding students’ performance and learning, con-

sidering their abilities and interests. It also generates positive

attitudes that encourage self-assessment through critical re-

flection on strengths and limitations in learning, leading stu-

dents to plan new strategies and actions for improvement [40].

Collaborative work. It enriches knowledge and im-

proves students’ skills and attitudes through group activities

that share a common goal and experiences and knowledge.

In foreign languages, it provides the opportunity to practice

and reinforce linguistic and pragmatic knowledge, as well as

the development of cultural understanding and mediation [41].

Problem-solving is especially effective in the field of

foreign languages, as it encourages participation in dialogues

on social issues by forcing students to use the language in
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authentic communicative contexts. It is also used as an aca-

demic support resource for students who face greater chal-

lenges in language use for specific purposes through tutoring

or advising, thus helping to strengthen their linguistic com-

prehension [42] in other subjects.

2.3. The Influence of Soft Skills on Learning in

Virtual Environments

Virtual environments are characterized as practical

spaces where different teaching modalities can be imple-

mented for their proper functioning. Therefore, it has been

decided to work through learning communities, which seek

to facilitate and improve the teaching process through both

academic and affective or recreational activities. This en-

tails managing not only techno-pedagogical, but also socio-

affective skills to counteract the artificial or unnatural aspects

of human actions and the management of emotional behavior

generated within digital interactions [43].

It triggers new methodological approaches for using

technology in education. The first is the Learning and Knowl-

edge Technologies (LKT), which focuses on the regulation

of Information and Communication Technologies (ICTs) and

their application in educational activities. The second is Em-

powerment and Participation Technologies (EPT), which aim

to enhance students’ ability to adapt to learning environments

mediated by digital tools [44,45].

These new technological orientations demanded a com-

petency framework that governs the responsible and effective

usage of digital resources. A review of various digital compe-

tency frameworks for teachers highlights four key domains

of knowledge that align with any other competency type:

knowing, knowing how to do, knowing how to coexist, and

knowing how to be. In the latter two, soft skills are fun-

damental to giving users of digital technologies a sense of

empowerment and participation in virtual settings [46].

In these virtual settings, a greater emphasis is on de-

veloping hard and technical skills because students need to

know how to utilize all the resources available on the web

through tutorials, fact sheets, or induction courses on using

educational platforms or applications, while relegating the

emotional aspect.

On this point, one of the challenges teachers face in

virtual environments is soft skills for a successful training pro-

cess [47]. Communication can be hindered by attitudes such

as apathy, frustration and conflicts [48]. Therefore, integra-

tion of soft skills like emotion management and interpersonal

relationships, assertive communication, self-awareness, and

collaborative work becomes essential to address these nega-

tive attitudes.

3. Methodology

The research design is quantitative, correlational, and

cross-sectional to analyze the relationships between vari-

ables at a single point in time (at the end of the 2024–2025

school year). The following hypotheses are proposed, con-

sidering that the objective is to determine how soft skills

influence biology learning in an EFL of a virtual educational

environment:

H1 Soft skills impact learning biology in English in a

virtual context.

H2 Soft skills do not impact learning biology in English

in a virtual context.

The study sample is composed of 50 students from the

sixth semester of Enrique Cabrera Barroso High School. This

population was intentionally selected, as students at this level

of training have sufficient experience to provide relevant data

on the impact of soft skills on learning biology since they are

in the last semester of the program. The sample included 24

men and 26 women who had participated in virtual courses,

providing an appropriate context for studying the relation-

ship between the variables of interest. Moreover, participants

were informed about the study's objectives, procedures, and

potential benefits prior to data collection. They understood

that their participation was voluntary. After agreeing to take

part, each participant read and signed an informed consent

form. This process guaranteed their understanding of the

study’s terms, upholding ethical principles.

The instrument used for data collection was a ques-

tionnaire designed to measure various soft skills in students

with a reliability of 0.95. The questionnaire included ques-

tions addressing the following dimensions: critical thinking

and problem-solving, emotional competence, interpersonal

communication skills, autonomy, adaptability to technology,

motivation in the virtual learning, and collaborative work

(see following tables for questionnaire items). Each dimen-

sion contains a series of statements with which students had

to agree or disagree, using a Likert-type scale, to collect
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quantitative data on students’ perceptions.

Data analysis was conducted at the end of the semester,

using statistical models suitable for correlational analysis.

Analysis of variance (ANOVA) and Pearson correlation co-

efficients examine the relationships between soft skills and

students’ performance. The results were analyzed using Ta-

ble 1, which presents the statistical values for each soft skill

measured, as well as their relationship to the dependent vari-

able (learning biology in English).

Table 1. Analysis model.

Variable Dimensions

Soft skills

Critical Thinking and Problem-Solving

Emotional Competence

Interpersonal Communication Skills

Autonomy

Adaptability to the use of technology

Motivation

Collaborative work

4. Results

In Table 2, the correlation coefficient of 0.95 repre-

sents a perfect positive relationship between the ability to

understand, evaluate, and synthesize information from digital

sources and the learning of biology in English. This finding

indicates that students who demonstrate a high level of com-

petence in the critical processing of digital information tend

to perform better in this subject. From a scientific perspec-

tive, this relationship can be explained by the fact that the

majority of the academic content in biology is available in En-

glish and in digital formats (educational platforms, databases,

multimedia resources, or scientific articles). Therefore, stu-

dents who can assess the quality of information, integrate

diverse perspectives, and construct knowledge from digital

data have an advantage in understanding complex concepts,

carrying out experimental procedures, and applying their

knowledge in different contexts.

Table 2. Critical Thinking and Problem-Solving dimension.

Attributes Correlation (r) p-Value

Analysis, evaluation, and synthesis of information from digital sources 0.95 0.000

Resolving linguistic and communicative problems in learning 0.68 0.002

Adaptation of learning strategies to address obstacles 0.85 0.000

Moreover, this skill reflects a high level of higher-order

thinking, as defined by Bloom’s Taxonomy, which aligns

with the cognitive demands of learning science in a foreign

language. The p-value of 0.000 further reinforces the statisti-

cal significance of this correlation, remarking the possibility

of a random finding.

This evidence strongly supports the premise that soft

skills associated with critical thinking directly influence the

effectiveness of learning scientific content in English, particu-

larly in settings where access to and use of digital information

is crucial to knowledge construction.

Table 3 presents positive and negative correlations. As

seen, emotional competence is an important aspect of soft

skills that involves the ability to recognize, understand, and

regulate one’s own emotions and those of others. In edu-

cational settings, particularly in foreign language learning

contexts such as studying biology in English, emotional com-

petence plays a crucial role in how students tackle cognitive

and linguistic challenges.

Table 3. Emotional Competence dimension.

Attributes Correlation (r) p-Value

Emotional management during learning biology −0.65 p < 0.01

Resilience 0.82 p < 0.01

This research indicates a moderately strong negative

correlation (r = −0.65) between emotional management dur-

ing biology learning and performance in this subject when

taught in English. This means that as difficulties in managing

emotions increase, students’performance in both biology and

English tends to decline. This data is statistically significant

(p < 0.01) at a 99% confidence level, leading the rejection

of the null hypothesis and the strong affirmation that there
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is a meaningful association between emotional management

and academic performance.

Thus, ineffective emotional management can lead to

feelings of anxiety, frustration, or cognitive blockage, es-

pecially when students are confronted with complex sub-

ject matter (like biology) along with language barriers (such

as English). This aligns with principles of neuroeducation,

which imply that emotional stress can impede working mem-

ory and information processing, ultimately hindering learn-

ing.

Moreover, resilience serves as a protective factor since

it is the ability to adapt positively in the face of challenges.

Therefore, it enables students to manage the cognitive and

linguistic demands of learning scientific content in a second

language. This linked resilience to academic persistence,

effective coping mechanisms for frustration, and a sense of

self-efficacy.

Additionally, a strong positive correlation (r = 0.82)

has been identified between resilience and learning biology

in English. This means that students who demonstrate higher

levels of resilience are likely to achieve better academic

performance in this particular learning environment. This

relationship is also statistically significant at a 99% confi-

dence level, reinforcing the evidence of a strong positive

connection.

Table 4 introduces two attributes: the ability to interact

with others in digital environments through forums, chats,

and video calls and the empathy and adaptability in virtual

interactions.

Table 4. Interpersonal Communication Skill dimension.

Attributes Correlation(r) p-Value

Interact with others in digital environments 0.88 0.0001

Empathy and adaptability in virtual interactions 0.65 0.002

The r value of 0.88 for the first criterion indicates a

strong positive correlation, representing a solid connection

between interaction and biology learning in English. From a

functional perspective, the results confirm that students with

a greater ability to interact successfully in digital environ-

ments tend to perform better in subjects taught in L2.

This phenomenon can be explained by social learn-

ing theory and socio-constructivist approaches, which rec-

ognize the value of interaction as a vehicle for knowledge

construction. Furthermore, in virtual environments, inter-

action recovers its essence as it is the primary channel of

academic exchange. The p-value of 0.0001 is significantly

lower than the threshold of 0.05, indicating that the observed

relationship has a confidence level greater than 99.99%.

Regarding the second dimension, the moderate to high

positive correlation (r = 0.65) confirms a significant asso-

ciation, although of lower intensity than the previous one.

It is important to remember that this skill involves not only

affective components (empathy) but also cognitive ones (flex-

ibility, self-regulation), all of which are essential in virtual

environments where contextual cues are minimal. However,

digital empathy allows for the creation of positive classroom

climates, facilitating cooperative learning in L2, especially

in science, where technical vocabulary can create additional

barriers. Regarding the p-value = 0.002, it supports the sta-

tistical significance and reliability of the finding.

Overall, the results show that interpersonal communi-

cation skills in digital environments are strongly associated

with learning scientific content in a foreign language. The

extremely high correlation value for the attribute of digital

interaction indicates that mastery of online communication

tools and strategies is a key factor in understanding and ap-

plying biology knowledge in English. At the same time,

empathy and adaptability are also fundamental, especially in

fostering productive collaborative contexts. Taken together,

these findings strengthen the argument that soft skills not

only complement but also enhance disciplinary learning in

digital and bilingual environments.

In Table 5, the dimension of autonomy as a soft skill

shows significant associations with biology learning in En-

glish, according to the results of a Pearson correlation analy-

sis. These findings empirically support the hypothesis that

greater student autonomy is linked to improved performance

in bilingual disciplinary contexts.
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Table 5. Autonomy dimension.

Attributes Correlation(r) p-Value

Manage one’s own learning without constant supervision 0.85 0.001

Time management to complete learning tasks and activities 0.65 0.012

Decision-making about online learning resources 0.80 0.005

Specifically, the ability to manage one's own learning

without constant supervision demonstrated a very high posi-

tive correlation (r = 0.85) with biology learning in English,

with a robust level of significance (p = 0.001). This indi-

cates that students with higher levels of self-regulation tend

to perform better in learning scientific content in a foreign

language. As such, cognitive autonomy facilitates better

adaptation to the learning environment, aiding the assim-

ilation of biological terminology, concepts, and processes

presented in English.

Additionally, effective time management for complet-

ing academic tasks and activities was positively related to

the overall performance (r = 0.65; p = 0.012). Although this

correlation is slightly lower than the previous one, it remains

statistically significant and high. This finding reinforces the

importance of planning and time management in autonomous

and bilingual learning settings. It also supports the hypoth-

esis (H1) by highlighting that students who structure their

study time efficiently face fewer barriers when engaging with

content in English, which directly impacts their academic

performance.

Lastly, the ability to make informed decisions about

online learning resources showed a very high and significant

correlation (r = 0.80; p = 0.005). This emphasizes the impor-

tance of critical digital literacy as a facet of autonomy in an

educational environment where many scientific materials are

available in English and in digital format. Such skills enable

students to appropriately select, evaluate, and utilize these

resources. Together, these three aspects of autonomy rep-

resent key competencies for success in language-mediated

educational contexts.

In Table 6, the data indicate positive correlations

among the three assessed attributes. First, a strong and signif-

icant correlation was found between familiarity with digital

learning tools and learning biology in English (r = 0.75, p

= 0.02). This means a consistent relationship between these

two factors.

Table 6. Adaptability to technology.

Attributes Correlation (r) p-Value

Familiarity with digital learning tools 0.75 0.02

Adaptation to new technological environments 0.62 0.05

Appropriate use and consumption of technologies 0.80 0.01

Similarly, the attribute adaptation to new technological

environments showed a moderate correlation (r = 0.62) that

is borderline statistically significant (p = 0.05). This implies

that a greater ability to adapt to new technological contexts

may be associated with better performance in learning scien-

tific content in English.

The strongest correlation was identified in the attribute

appropriate use and consumption of technologies, with a

correlation coefficient of r = 0.80 and a p-value of 0.01. This

result indicates a very strong and highly significant positive

relationship between the responsible and strategic use of

technologies and disciplinary learning in a foreign language.

In summary, various aspects of technology adaptability

are significant, particularly when considering appropriate

and learning-oriented technological practices.

In Table 7, the three attributes of the motivational di-

mension show positive and statistically significant corre-

lations with learning biology in English. This means that

motivation, in its various forms (internal, attitudinal, and

evaluative) directly and strongly influences academic per-

formance in digital and bilingual contexts. Among these

attributes, intrinsic motivation has the strongest association

(r = 0.82), followed by a positive attitude towards digital

challenges (r = 0.68) and the perception of relevance (r =

0.60). These findings highlight the need to develop peda-

gogical strategies that foster intrinsic motivation, enhance
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a positive attitude toward digital environments, and clearly

communicate the importance of learning in bilingual con-

texts. By doing so, the learning of disciplinary content such

as biology can be improved.

Table 7. Motivation.

Attributes Correlación (r) p-Value

Intrinsic motivation to learn biology 0.82 0.003

Positive attitude toward challenges in digital learning 0.68 0.005

Perceived relevance and usefulness of learning biology in a digital

environment
0.60 0.010

In Table 8, the results indicate a strong and significant

relationship between the two aspects of collaborative work

and Biology learning in English. First, the attribute (work-

ing on group projects on virtual platforms) demonstrated a

correlation coefficient of r = 0.95 with a p-value of 0.001.

This indicates a very strong and statistically significant posi-

tive relationship (p < 0.01). This increased participation in

collaborative activities conducted through digital platforms

is closely associated with higher academic performance in

Biology when taught in English.

Furthermore, the attribute sharing resources and knowl-

edge with other students showed a correlation coefficient of r

= 0.82, with a p-value of 0.002. This also represents a strong

and significant positive correlation (p < 0.01), implying that

actively sharing information among peers is consistently

linked to improved learning outcomes in the subject.

Overall, these results support the hypothesis that col-

laborative work, viewed as a soft skill, positively and signifi-

cantly influences the learning of scientific content in English.

The high magnitude of the observed correlations means that

these collaborative practices may play a mediating or en-

hancing role in learning within bilingual contexts or in the

teaching of science in foreign languages.

Table 8. Collaborative work dimension.

Attributes Correlation (r) p-Value

Work on group projects on virtual platforms 0.95 0.001

Share resources and knowledge with other students 0.82 0.002

The results reveal a high correlation between the depen-

dent and independent variables, which may be because the

sample comprises students from a single institution, limiting

the generalizability of these findings to other populations.

Therefore, homogeneity could have impacted the strength

of the observed relationship, as the participants share com-

mon contextual and sociodemographic characteristics. Con-

sequently, to improve the validity and applicability of this

empirical approach, future studies should replicate this anal-

ysis with more diverse samples. It will provide a deeper

understanding of the consistency of the patterns found across

different groups, institutions, and educational levels.

5. Discussion

Based on the results obtained in this study, it is in-

ferred that critical reasoning, problem-solving, resilience,

interpersonal communication, autonomy, adaptability, moti-

vation, and collaborative work skills favor learning biology

in English from a cognitive to a socio-emotional perspec-

tive. However, the attributes that have the greatest impact

are critical thinking, collaborative work, interpersonal com-

munication, autonomy, and managing negative emotions.

The last attribute should be regarded as a crucial factor in

technological and educational interventions, as it can hinder

learning.

Students perceive themselves as having critical and re-

flective thinking, so they have the ability to objectively select,

evaluate, and use digital information, as well as compare posi-

tions and draw accurate conclusions [49]. This finding is con-

sistent with previous research indicating that students with

judicious mental processes, logical judgment, and analytical

reasoning tend to focus their learning goals and determine

the technological tools that best benefit them, allowing them
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to even evaluate their progress [50]. However, some studies

reveal that, due to free access to multiple online resources,

students choose media and platforms based on their intuitive

judgment, tendencies, and beliefs without prior analysis,

which hinders and delays their linguistic improvement [51].

In summary, the attributes of the first dimension are crucial

because analyzing digital information significantly enhances

learning by fostering critical thinking skills. Additionally,

solving linguistic problems helps improve comprehension

of English content and the ability to adapt strategies, which

are key skills for overcoming learning challenges.

Similarly, students who recognize they have skills for

emotional management and control experience fewer feel-

ings of anxiety, stress, or tension during their learning pro-

cess. According to various authors, the regulation and man-

agement of emotions, feelings, and thoughts are essential for

generating awareness, reducing impulsiveness, and opera-

tionalizing them efficiently, which leads to decision-making

for resolving conflicts (technical, social, linguistic) present in

multimedia environments [52–54]. Moreover, in the digital lan-

guage for specific purposes such as biology, socio-affective

regulation impacts the student's academic performance since

it helps them to analytically specify the objectives of commu-

nicative learning, face linguistic difficulties (grammar, pro-

nunciation, structure), and challenge modal tendencies [55,56].

It also fosters skills such as self-management, self-esteem,

and adaptability to change learning strategies, explore ap-

plications, and practice the language, personalizing the ac-

quisition process [57]. In this way, attributes of the second

dimension offer valuable opportunities to enhance biology

learning. By fostering perseverance in the face of challenges

and managing negative emotions, these qualities could opti-

mize student engagement and performance.

Regarding interpersonal communication skills, stu-

dents with this ability have better language performance,

as skills such as active listening, focused attention, and con-

centration on the message allow for clear, contextualized, and

fluid interaction. Similar research assures that empathy, re-

spect, and openness foster open cultural and communicative

exchanges, dynamic participation, and active interrelation-

ships [58]. Thus, students with social skills take advantage of

the diversity of interactions enabled by multimodal resources

such as chat, videoconferencing, and digital platforms. Fur-

thermore, the characteristics of virtual environments gen-

erate spontaneous and more realistic intercommunication,

enhancing the acquisition of new sociolinguistic knowledge

of language in biology [59]. As seen, incorporating these

attributes into the educational process not only boosts the

construction of scientific knowledge in a foreign language

but also fosters stronger group cohesion and a deep commit-

ment to learning, creating a more collaborative and engaging

learning environment for everyone involved.

Likewise, learning autonomy is shown to be a benefi-

cial skill for improving language performance in digital envi-

ronments. In this context, self-management is a fundamental

skill for students as it fosters responsibility and control over

their own learning. It is important in bilingual environments

where additional cognitive effort is required. Data derived

from studies confirm that determination and responsibility,

as part of autonomy, generate self-discipline, commitment,

perseverance, and objectivity in achieving goals [60]. Fur-

thermore, the virtual context allows multiple possibilities for

students to personalize their learning. Indeed, it involves a

process of reflection, analysis, and responsibility to establish

the work pace, regulate time, and select digital media that

suits their needs and learning styles. Besides, personalized or

ubiquitous learning helps students better understand content,

stimulate memory, and retain knowledge [61,62]. Similarly,

effective time management contributes to suitable planning

and timely completion of academic tasks, which enhances

understanding of complex content and overall performance.

Furthermore, making informed decisions about resources

enables students to optimize the selection and use of dig-

ital materials, leading to more effective engagement with

content presented in English. Collectively, these attributes

underscore soft skills as strategic components in improving

biology learning in bilingual contexts.

Moreover, the habit of using digital tools is presented

as a key skill for students to adapt to technological trends. In

other words, familiarity allows them to accept innovations,

improve digital skills, and solve technical situations with en-

thusiasm and curiosity [63] as well as to reduce technological

barriers, enabling students to functionmore fluently in virtual

environments. In relation to the above, similar findings con-

firm the relationship between the improvement of receptive

and productive language skills and the daily use of technol-

ogy, developing digital competencies [64]. Additionally, the

data obtained indicate that adaptation to emerging technology
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generates updated learning, sparks creativity, and acquisition

of innovative knowledge [65], promoting technological and

versatile skills crucial for online language development in

biology [66]. Then, the thoughtful integration of technology

has the potential to enhance interaction with content and opti-

mize the digital learning experience, fostering more dynamic

and personalized strategies for diverse learners in a content

and language integrated methodology.

It is also concluded that there is a significant association

between students' motivation and their language proficiency

and performance in biology. Recent research affirms that

highly motivated students achieve better academic perfor-

mance than those with low levels of interest [67]. In the field

of language technology, intrinsic motivation is presented as a

key factor in completing exercises, tasks, and activities, pro-

moting participation, dedication, willingness, and a positive

attitude [68]. In this instance, intrinsic motivation promoted

autonomous and sustained learning, as it was linked to a

personal interest in comprehending biological phenomena

beyond the confines of academic demands. Moreover, a

positive attitude toward the educational process facilitated

cognitive and emotional receptiveness, which favors mean-

ingful knowledge construction. Lastly, the recognition of

the content's applicability was a catalyst for active student

engagement, effectively linking theoretical concepts to real-

world contexts and practical applications. In contrast, a lack

of motivation causes students to experience apathy, discom-

fort, and frustration, producing tension and fear when facing

learning challenges [69].

Finally, the ability to collaborate is an ideal skill for aca-

demic development in virtual environments. Indeed, virtual

group work facilitates social learning processes by creating

spaces for interaction that encourage discussion, analysis,

and cooperative problem-solving, essential components for

internalizing scientific concepts. In this context, previous

studies show that collaboration on platforms is important

because it fosters social skills, the exchange of ideas and

experiences, and the construction of social, cultural, and

pragmatic knowledge of the language [70,71]. This can impact

productivity and satisfaction when collaborating and work-

ing together [72,73], because sharing resources among group

members optimizes access to diverse materials and strength-

ens collaborative learning, which fosters the development

of complementary knowledge and mutual support among

participants. Consequently, these technology-mediated ap-

proaches demonstrate that soft skills are vital in enhancing

group dynamics and impacting disciplinary learning in a

foreign language.

The findings of the present study show various impli-

cations related to the presence of soft skills in digital envi-

ronments for learning biology in English. First, currently,

it is essential for students to develop and demonstrate inter-

personal skills such as empathy, respect, interest, creativity,

communication, time management, and conflict resolution,

among others [74]. This impacts socio-affective management

to adapt and confront the challenges and conflicts that arise

in cyber environments. Secondly, the competencies of emo-

tional intelligence, autonomy, and attentive and assertive

listening facilitate both the acquisition of knowledge and

collaborative relationships in new technological educational

contexts, favoring social language learning about biology.

Thirdly, the importance of motivation for decision-making

is highlighted, as it allows students to set goals, direct their

learning, and perform appropriately.

Based on the presented results, the research hypothe-

sis is confirmed, which leads to the establishment that soft

skills positively impact biology learning in English, which is

reflected in students' academic performance in virtual spaces.

In terms of curriculum design implications, it is advis-

able to intentionally integrate soft skills such as effective

communication, collaboration, self-regulation, and critical

thinking as complementary learning objectives alongside dis-

ciplinary and linguistic content. This integration requires ped-

agogical activities to promote collaborative problem-solving,

scientific debate, and self-reflection. Such practices lead

to plan contextualized tasks that link biology teaching to

real-life situations and social scenarios. Given that a for-

eign language can generate high levels of anxiety, teachers

must foster a classroom environment where mistakes are

part of the learning process. In line with this, it is necessary

to provide teaching training in Content and Language Inte-

grated Learning (CLIL), along with pedagogical strategies

that strengthen socio-emotional skills. This training should

be practical, contextualized, and applicable to the teaching

of biology. Moreover, curriculum designers have to focus

on promoting activities that encourage dialogue, scientific

argumentation, team decision-making, and self-managed

learning.
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The findings of this research provide a valuable frame-

work for reimaging teaching in other subjects such as tech-

nology, engineering, physics, mathematics, chemistry, and

STEM areas integrated with languages. Indeed, adapting

these strategies can foster more comprehensive, equitable,

and competent education in the 21st century.

At this point, the study's contribution is identified as

it explains how soft skills affect academic performance in

teaching a subject for specific purposes in virtual environ-

ments. It is useful for designing educational programs that

promote the development of these skills in students, thus

improving their performance in learning biology in English

and their adaptation to these environments.

Regarding limitations, other external factors that im-

pact biology learning could be considered, such as socioeco-

nomic status, limited access to technology, and the student's

personal and family circumstances. Although these factors

cannot be controlled in the study, they likely impact latent

academic performance in emerging contexts. Furthermore,

the study has a limited temporal scope, as soft skills are

individual and variable in their development, making their

consistency and evolution difficult to accurately and contin-

uously determine. Another major limitation of the study is

the small sample size (50 students). This number limits the

representativeness of the results and restricts the possibility

of generalizing the conclusions to a broader population. In

addition, the research was conducted in a single high school.

This narrow focus means that the results are heavily influ-

enced by the unique characteristics of that particular context,

including the students' socioeconomic background, teacher

training and methodology, available resources, and institu-

tional culture, among other factors.

Future research should focus on studies about the use of

digital tools and platforms to promote interaction, communi-

cation, and contextualized biology learning, teacher training

in virtual environments for motivational design, emotion

management in biology classrooms, and the development of

communication in digitalization based on resilience, among

others.

6. Conclusions

The research demonstrates that both cognitive knowl-

edge (knowledge of technological tools, technical knowl-

edge, and critical-reflective thinking) and socioemotional

factors (empathy, communication, motivation, adaptability,

and collaboration) positively support biology learning in dig-

ital environments, confirming the relevance of the research

hypothesis. Therefore, currently, for learning a subject in L2,

emotional intelligence, social skills, and personal manage-

ment must be included for the acquisition of knowledge and

the development of transversal skills necessary for life. In

this way, soft skills allow students to respond to the multicul-

tural and social challenges inherent in a digital multilingual

society. Consequently, it is crucial to implement specific

teaching strategies to develop these skills. Nonetheless, the

results of this study should be interpreted with caution due

to the sample size of 50 students. While the findings provide

fundamental insights into the trends and perceptions within

the analyzed group, further research is necessary to expand

the sample and consider a broader diversity of institutional

contexts. It will improve the applicability of the findings.
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