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ABSTRACT

Introduction: this study aims to investigate the influence of English Intelligence, Digital Literacy, IoT 
Knowledge, and Project Learning Attitude on Biological Knowledge and Biological Attitude of biology 
education students in Indonesia.
Method: the research design used quantitative explanatory and Partial Least Squares Structural Equation 
Modeling (PLS-SEM) analysis, data were collected from 792 students in three large islands of Indonesia, 
Sumatra, Java, and Kalimantan.
Results: the results showed that English Intelligence significantly increased Digital Literacy, IoT Knowledge, 
and Project Learning Attitude, and had a positive effect on Biological Knowledge. However, this variable 
had a negative impact on Biological Attitude, indicating a mismatch between linguistic competence and 
affective engagement in biology. Digital Literacy and Project Learning Attitude were shown to have a positive 
contribution to Biological Knowledge and Biological Attitude, while IoT Knowledge had a significant negative 
effect on Biological Attitude and no significant effect on Biological Knowledge. The strongest effect was 
found in the path between Biological Knowledge and Biological Attitude, confirming that cognitive mastery 
is the main predictor in shaping students’ biology attitudes.
Conclusions: these findings highlight the importance of aligning digital and linguistic competencies with 
pedagogical approaches to optimize biology learning outcomes in the digital age.

Keywords: English Intelligence; Digital Literacy; Iot Knowledge; Project Learning Attitude; Biological 
Knowledge; Biological Attitude.

RESUMEN

Introducción: este estudio busca investigar la influencia de la inteligencia en inglés, la alfabetización digital, 
el conocimiento de IoT y la actitud de aprendizaje en proyectos sobre el conocimiento y la actitud biológica 
de estudiantes de biología en Indonesia.
Método: el diseño de la investigación empleó un análisis cuantitativo explicativo y un modelo de ecuaciones 
estructurales de mínimos cuadrados parciales (PLS-SEM). Se recopilaron datos de 792 estudiantes en tres 
grandes islas de Indonesia: Sumatra, Java y Kalimantan.
Resultados: los resultados mostraron que la inteligencia en inglés incrementó significativamente la alfabetización 
digital, el conocimiento de IoT y la actitud de aprendizaje en proyectos, y tuvo un efecto positivo en el

© 2025; Los autores. Este es un artículo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribución y reproducción en cualquier medio siempre que la obra original 
sea correctamente citada 

1Universitas PGRI Sumatera Barat. Padang, Indonesia.
2Universitas Negeri Semarang. Semarang, Indonesia.
3Universitas Negeri Makassar. Makassar, Indonesia.
 
Cite as: Rosba E, Melvina, Sukaesih S, Jamaluddin AB. An Exploration of English Intelligence, Digital Literacy, IoT Knowledge, and Project 
Learning Attitudes on Biological Knowledge and Biological Attitudes. Salud, Ciencia y Tecnología. 2025; 5:2296. https://doi.org/10.56294/
saludcyt20252296

Submitted: 21-05-2025                   Revised: 16-07-2025                   Accepted: 06-10-2025                 Published: 07-10-2025

Editor: Prof. Dr. William Castillo-González 

Corresponding Author: Evrialiani Rosba 

https://doi.org/10.56294/saludcyt20252296
https://orcid.org/0000-0002-2380-3901
mailto:revrialiani.rosba@gmail.com?subject=
https://orcid.org/0000-0002-3687-2295
https://orcid.org/0000-0001-9826-1070
https://orcid.org/0000-0003-0562-072X
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.56294/saludcyt20252296
https://doi.org/10.56294/saludcyt20252296
https://orcid.org/0000-0003-3007-920X
mailto:revrialiani.rosba@gmail.com?subject=


https://doi.org/10.56294/saludcyt20252296

conocimiento biológico. Sin embargo, esta variable tuvo un impacto negativo en la actitud biológica, lo que  
indica una discrepancia entre la competencia lingüística y la implicación afectiva en biología. Se demostró 
que la alfabetización digital y la actitud de aprendizaje en proyectos contribuyeron positivamente al 
conocimiento y la actitud biológica, mientras que el conocimiento de IoT tuvo un efecto negativo significativo 
en la actitud biológica y no tuvo un efecto significativo en el conocimiento biológico. El efecto más fuerte se 
observó en la relación entre el Conocimiento Biológico y la Actitud Biológica, lo que confirma que el dominio 
cognitivo es el principal predictor en la formación de las actitudes de los estudiantes hacia la biología.
Conclusiones: estos hallazgos resaltan la importancia de alinear las competencias digitales y lingüísticas 
con los enfoques pedagógicos para optimizar los resultados del aprendizaje de la biología en la era digital.

Palabras clave: Inteligencia Inglesa; Alfabetización Digital; Conocimiento de Iot; Actitud de Aprendizaje de 
Proyectos; Conocimiento Biológica; Actitud Biológica.

INTRODUCTION
The rapid development of information and communication technology and the increasingly massive flow of 

globalization have pushed the world of education to adapt rapidly to the needs of 21st-century competencies.
(1,2,3) In biology learning, this challenge requires students not only to master biological concepts cognitively, 
but also to possess supporting skills such as English language proficiency (English Intelligence), digital literacy, 
and knowledge of cutting-edge technologies like the Internet of Things (IoT). Furthermore, learning success is 
greatly influenced by students’ attitudes toward the learning approach itself, including their attitude toward 
project-based learning.(4) Several recent studies have shown that the integration of language skills, digital 
literacy, and technological understanding has a positive contribution to science learning in general.(5,6,7,8)

The literature also shows that a project-based learning approach can increase student engagement, 
conceptual understanding, and foster positive attitudes toward science, including biology.(9,10) Digital literacy 
provides broader access to a variety of learning resources, while english language proficiency enables students 
to understand global scientific references.(11) Knowledge of the IoT is increasingly relevant because it opens 
up interdisciplinary insights between biology and technology, which are crucial in the era of the 4.0 industrial 
revolution.(12,13) Therefore, it is important to explore how the combination of these four elements can 
simultaneously influence the formation of biological knowledge and biological attitudes.

Although various studies have examined the relationship between some of these variables, the findings are 
still partial. Research by Sobach et al.(14) and Toharuddin et al.(15), highlights the influence of digital literacy on 
science learning outcomes, while Sánchez Fajardo et al.(16) and Vettori et al.(17) emphasizes the importance of 
English language skills in understanding scientific texts. Similarly, a study by Kandil et al.(18), Liston et al.(19), and 
Hale et al.(20) demonstrates the potential of the IoT in enhancing biological understanding, and confirms that 
attitudes toward project-based learning are positively correlated with students’ scientific attitudes. However, 
to date, no study has combined these four variables within a single conceptual framework and simultaneously 
examined their influence on knowledge and attitudes in biology learning.

This research gap is further clarified by the fact that most existing studies fail to integrate a quantitative 
approach based on structural models to uncover the direct and indirect contributing pathways of each variable. 
Only examined the effects of digital literacy without considering the role of mediating variables such as learning 
attitudes or technological knowledge.(21,22,23) Other studies also tend to isolate variables and fail to consider 
the complex interrelationships between cognitive, affective, and technological aspects that influence biology 
learning holistically. Therefore, it is necessary to develop a model that can illustrate the interrelationships 
between english intelligence, digital literacy, iot knowledge, and project learning attitude in the formation of 
biological knowledge and biological attitude.

This study aims to identify the extent to which english intelligence, digital literacy, IoT knowledge, and 
project learning attitudes influence students’ biological knowledge and attitudes. This research is expected to 
serve as a foundation for quality learning processes in the future, particularly in the context of empowering 
english intelligence, digital literacy, IoT knowledge, project-based learning attitudes, and biological knowledge 
and attitudes.

Conceptual Framework and Hypothesis Development
H1: There is a positive and significant effect of English Intelligence on Digital Literacy.

English language proficiency is an important foundation for developing digital literacy, especially since the 
majority of digital resources and global scientific content are available in English.(24,25) Individuals with high 
English Intelligence proficiency have broader access and better ability to understand, evaluate, and utilize 
digital-based information.(26,27) In the context of biology learning, digital literacy is not only about technical 
skills but also about critical understanding of scientific content, which is often presented in a foreign language.
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H2: There is a positive and significant effect of English Intelligence on IoT Knowledge
Understanding of Internet of Things (IoT) technology generally comes from technical documentation, 

tutorials, and case studies, most of which are available in English.(28,29) Therefore, English language proficiency 
can facilitate access and understanding of IoT knowledge.(30) English Intelligence is key for reading diagrams, 
interpreting technical instructions, and even participating in online courses related to the application of IoT 
in science, including biology.(31,32)

H3: There is a positive and significant effect of English Intelligence on Project Learning Attitude
Project-based learning encourages students to learn independently, seek information, and collaborate to 

solve real-world problems.(33) In the process, English Intelligence is necessary for understanding international 
references, establishing communication, and expressing ideas in a global context.(34,35) Students with good 
English skills tend to be more confident and active in project-based learning because they are able to access a 
wider range of information sources.(36,37)

H4: There is a positive and significant effect between English Intelligence and Biological Knowledge
Understanding biology material is strongly influenced by scientific literacy skills, including language literacy.

(38,39) English, as the primary language of scientific publications, provides a variety of important learning 
resources such as journals, articles, and instructional videos. Students with high English Intelligence have a 
greater potential to access and understand this content, thereby expanding their biological knowledge.(40,41,42)

H5: There is a positive and significant eåffect between English Intelligence and Biological Attitude
Attitudes toward a subject are often shaped by confidence and comfort in participating in the learning 

process.(43,44) Good English language skills can reduce barriers to understanding and increase active participation 
in biology learning, especially when learning resources are available in a foreign language.(40,45,46) This creates a 
positive perception of the subject and contributes to a better attitude toward biology in general.

H6: There is a positive and significant effect between Digital Literacy and Biological Knowledge
Digital Literacy reflects students’ ability to search for, manage, and evaluate relevant digital information.(47) 

In biology learning, these skills are crucial for understanding contemporary topics that are often dynamic and 
based on digital data.(48,49) Individuals with high digital literacy are able to optimally utilize technology-based 
learning resources, interactive simulations, and online learning platforms.(50) Therefore, the higher the digital 
literacy, the more likely students are to master biological knowledge in depth.(51)

H7: There is a positive and significant effect between Digital Literacy and Biological Attitude
Digital literacy also impacts students’ affective aspects.(52,53) The ability to utilize technology productively 

in learning can increase student motivation, engagement, and satisfaction with biology.(54,55) Students who feel 
comfortable with digital learning media will exhibit more positive attitudes because they perceive learning to 
be more engaging, relevant, and suited to their learning styles.(56) Therefore, digital literacy skills are predicted 
to contribute to forming positive attitudes toward biology learning.

H8: There is a positive and significant influence between IoT Knowledge and Biological Knowledge
The integration of IoT in biology learning allows students to observe, collect, and analyze biological data 

in real time through smart devices.(57,58) Understanding how IoT works and its applications provides a concrete 
and contextual data-driven learning experiencee.(59,60) With this technological understanding, students can 
connect biological concepts with their practical implementation in the real world, such as monitoring body 
temperature, heart rate, or the environment.(4,61) Therefore, IoT Knowledge has significant potential to improve 
students’ Biological Knowledge.

H9: There is a positive and significant influence between IoT Knowledge and Biological Attitude
In addition to cognitive aspects, understanding IoT can also increase students’ interest and attitudes toward 

biology.(62) Through the use of modern and relevant technology, biology learning feels more applicable and 
meaningful. When students are able to see the direct connection between biology and the IoT devices they use 
daily, they will have a positive perception of the subject.(63,64) Therefore, IoT Knowledge is assumed to have a 
positive impact on students’ attitudes toward learning biology.(65)

H10: There is a positive and significant influence between Project Learning Attitude and Biological Knowledge
A positive attitude toward project-based learning encourages students to be more active, independent, 

and reflective in the learning process.(66,67,68) Successful implementation of project-based learning involves 
exploring real-world problems, finding solutions, and collaborating, which indirectly strengthens conceptual 
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understanding of the material.(69) Students who are enthusiastic and open to this method will be more optimal 
in absorbing and understanding biology content in depth.(70,71,72)

H11: There is a positive and significant influence between Project Learning Attitude and Biological Attitude
Project-based learning not only emphasizes learning outcomes but also shapes values, attitudes, and 

perspectives on the learning process itself.(1) Students who enjoy exploratory, collaborative, and contextual 
learning processes tend to develop positive attitudes toward biology.(61) In the context of biology, a positive 
attitude toward project-based learning can increase students’ interest in biology as an applicable and life-
relevant field.(73,74,75)

H12: There is a positive and significant influence between Biological Knowledge and Biological Attitude
A strong understanding of a subject often shapes a positive attitude toward it.(4) Students who feel capable 

and have mastered biological concepts will feel more confident and motivated in participating in the learning 
process.(76,77) In-depth knowledge fosters a greater appreciation and interest in the content being studied, thus 
fostering a more positive attitude.(78,79) Therefore, Biological Knowledge is considered an important predictor 
of students’ Biological Attitude.

METHOD
Research Type and Design

This study is explanatory research, aiming to explain the causal relationship between english intelligence, 
digital literacy, iot knowledge, and project learning attitude on biological knowledge and biological attitude 
(figure 1). The research design used was a quantitative correlational survey with a cross-sectional model, where 
data was collected once at a specific point in time, in July 2025.(80) The research model is multivariate with 
latent constructs measured through reflective indicators.

Figure 1. Path Diagram Analysis and Hypotheses

Research Subjects and Location
The subjects of this study were biology education students who had participated in biology learning with a 

project-based approach and english language. The sample was selected using purposive sampling, considering 
universities that have implemented project-based learning and English language and have access to digital 
technology in the learning process. The sample size was determined based on the recommendations of Hair 
et al.(81) for the PLS-SEM model, which is at least 10 times the number of indicators for the construct with 
the most indicators. The number of respondents who filled out the questionnaire was 1205 spread across 
3 large islands in Indonesia, namely Sumatra Island (Universitas PGRI Sumatera Barat, Universitas Jambi, 
Universitas muhammadiyah bengkulu, and Universitas Muhammadiyah Palembang), Java Island (Universitas 
Negeri Malang, Universitas Negeri Semarang, Universitas Ahmad Dahlan, and Universitas Muhammadiyah 
Malang), and Kalimantan Island (Universitas Borneo Tarakan and Universitas Islam Negeri Sultan Aji Muhammad 
Idris Samarinda). However, only 792 students qualified to continue with data analysis. These students fulfilled 
the requirements by completing the biodata and questionnaire completely. Furthermore, they had previously 
participated in project-based learning and English language courses, and had access to digital technology in 
their learning.
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Research Instrument

Table 1. Research instruments
Item Variable Questionnaire Statement Modification Source
EGI1 I can understand English reading well. (82,83,84,85,86)

EGI2 I can write sentences or paragraphs in English correctly.
EGI3 I am confident speaking in English in discussions or presentations.
EGI4 I can understand conversations or videos in English without subtitles.
EGI5 I have a sufficient English vocabulary to support my academic activities.
EGI6 I frequently read English articles or books to broaden my knowledge.
EGI7 I am interested in further improving my English skills through courses or 

training.
DLC1 I am able to search for academic information online effectively. (87,88,89)

DLC2 I understand how to evaluate the reliability and validity of the digital 
information I find.

DLC3 I can use online collaboration applications (e.g., Google Docs, Teams) for 
college assignments.

DLC4 I understand the importance of maintaining the privacy and security of 
personal data online.

DLC5 I regularly stay up-to-date on the latest digital technologies relevant to my 
field.

DLC6 I can wisely manage my social media accounts for professional purposes.
DLC7 I feel confident using various online learning (e-learning) platforms.
IOT1 I understand the basic concepts of the Internet of Things (IoT). (90,91,92)

IOT2 I know examples of IoT applications in everyday life.
IOT3 I can explain the benefits of using IoT in various fields.
IOT4 I understand the security risks associated with IoT.
IOT5 I have used or interacted directly with IoT devices.
IOT6 I follow IoT technology developments through articles, seminars, or technology 

news.
IOT7 I am interested in learning more or developing IoT-based projects.
PLA1 I feel motivated when learning through real-life projects. (78,93,94) 
PLA2 Project-based learning helps me understand course material better.
PLA3 I can work well in a team when working on projects.
PLA4 I feel that project-based learning enhances my creativity.
PLA5 I am accustomed to managing my time well when working on projects.
PLA6 I gain valuable practical experience through project-based learning.
PLA7 I believe project-based learning better prepares me for the world of work.
BIK1 I understand basic biology concepts such as cells, tissues, and organs. (95,96,97,98)

BIK2 I can explain metabolic processes in living organisms.
BIK3 I understand the role of DNA in the inheritance of traits.
BIK4 I can distinguish the characteristics of living organisms based on their 

classification.
BIK5 I understand the relationship between ecosystems and biodiversity.
BIK6 I can explain the difference between mitosis and meiosis.
BIK7 I feel confident in taking exams or discussions about biology material. I feel 

enthusiastic about studying biology.
BIA1 I believe biology is important to understand life. (71,99,100,101,102)

BIA2 I enjoy doing biology labs and experiments.
BIA3 I feel biology helps me think more logically and critically.
BIA4 I’m interested in reading additional articles and books about biology outside 

of class.
BIA5 I appreciate the diversity of living things and the environment after studying 

biology.
BIA6 I’m motivated to study biology topics more deeply in the future.
BIA7 I can understand English reading well.
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This research instrument was developed as a structured questionnaire modified from several sources (table 
1). Each construct was measured through a number of indicators formulated as closed-ended statements, and 
answered using a 4-point Likert scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Agree, and 4 = Strongly Agree. 
The 4-point scale was chosen to encourage respondents to provide more definitive answers and avoid neutral 
options, thus strengthening the validity of the data obtained. The instrument underwent a validation process by 
three experts, each with expertise in biology education, learning technology, and psychometric measurement. 
Validation was conducted to ensure wording clarity, the appropriateness of the indicators to the construct, and 
relevance to the Indonesian educational context. The validation results indicated that the instrument met the 
criteria with a valid score (3,29). Input from the experts was used to revise and strengthen the instrument’s 
substance. Before being widely implemented, the questionnaire was also tested on a limited basis (50 students 
in Universitas PGRI Sumatera Barat) to identify technical weaknesses and estimate the initial reliability of the 
instrument.

Data Collection and Analysis Techniques
Data collection was conducted online through a digital questionnaire distributed using the Google Forms 

platform. Prior to completion, participants were provided with an explanation of the research objectives and 
informed consent was confirmed. Data were collected between July and August 2025, and data were checked 
for completeness and consistency. Data analysis in this study employed the Partial Least Squares Structural 
Equation Modeling (PLS-SEM) approach using SmartPLS software version 3.2. This technique was chosen because 
it is capable of testing relationships between complex, multivariate latent constructs and is suitable for theory 
development in exploratory contexts. PLS-SEM also offers advantages in analyzing data that is not fully normally 
distributed and has a relatively moderate sample size. The analysis process was carried out in two main stages: 
evaluation of the measurement model (outer model) and evaluation of the structural model (inner model).

Evaluation of the outer model was conducted to assess the validity and reliability of the constructs. 
Convergent validity testing was conducted by observing the outer loading or loading factor value (> 0,70) 
and the Average Variance Extracted (AVE), which must exceed 0,50. Construct reliability was analyzed 
through Composite Reliability (CR) and Cronbach’s Alpha values, which were expected to be above 0,70.(104,105) 
Furthermore, discriminant validity was tested using the HTMT criterion (below 0,850) and cross-loading,(106,107) 
where the construct’s value was higher than the other constructs, to ensure that each construct was unique in 
its measurement. The inner model stage examined the path coefficients, which reflect the direct relationship 
between constructs. The coefficient values were interpreted based on their direction (positive/negative) 
and magnitude, then tested for significance using bootstrapping techniques with 5,000 subsamples. The 
bootstrapping results produced t-statistics and p-values, which served as the basis for hypothesis testing. A 
relationship was considered significant if the t-statistic was > 1,96 and the p-value < 0,05 at the 5 % significance 
level.(108) Next, an analysis was performed on the R-Square (R²) value to determine the proportion of variance 
in the endogenous construct that can be explained by the exogenous construct. The R² value is categorized as 
weak (> 0,25), moderate (> 0,50), or strong (> 0,75).(81) The higher the R² value, the greater the contribution 
of the independent variables in explaining the dependent variable, which reflects the predictive power of the 
model.

RESULTS
Based on the results of the reliability and convergent validity analysis (table 2), all constructs in the model 

meet the requirements for use in PLS-SEM analysis. All Composite Reliability (CR) values are above the threshold 
of 0,70, indicating strong internal consistency, with the highest values found in the IoT Knowledge (0,946) and 
English Intelligence (0,945) constructs. Similarly, the Average Variance Extracted (AVE) values for all constructs 
also exceed the minimum threshold of 0,50, indicating convergent validity is met. Several indicators were 
removed because they had loadings below 0,70 (e.g.: EGI7, DLC1, DLC4, PLA2, PLA3, BIA5), which is the right 
decision to improve construct validity. The Cronbach’s Alpha values for all constructs are also above 0,7, 
indicating adequate initial reliability. Overall, the measurement instruments in this model can be said to be 
reliable and valid for use in testing the relationships between latent variables.

Based on the results of the Heterotrait-Monotrait Ratio (HTMT) analysis (table 3), all inter-construct values 
are below the conservative threshold of 0,85, and none exceed the liberal value of 0,90, indicating that the 
discriminant validity between constructs has been met well. The highest value is between Biological Knowledge 
(BIK) and Biological Attitude (BIA) at 0,804, which is still within the safe limit, although approaching the upper 
threshold. This indicates that although the two constructs are closely related conceptually, they can still be 
distinguished statistically. Thus, there is no indication that the constructs in the model experience conceptual 
overlap problems, and the model meets the requirements to proceed to the structural evaluation stage (inner 
model).
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Table 2. Evaluation of Convergent Validity and Construct Reliability

Variable Items Outer Loadings Cronbach’s 
Alpha Rho_A Composite 

Reliability AVE

EGI1 0,818 0,931 0,943 0,945 0,742

EGI2 0,898

EGI3 0,861

EGI4 0,900

EGI5 0,833

EGI6 0,855

EGI7 0,681 (out)

DLC1 0,658 (out) 0,797 0,805 0,868 0,623

DLC2 0,634 (out)

DLC3 0,754

DLC4 0,473 (out)

DLC5 0,849

DLC6 0,723

DLC7 0,824

IOT1 0,859 0,933 0,935 0,946 0,715

IOT2 0,880

IOT3 0,828

IOT4 0,814

IOT5 0,859

IOT6 0,866

IOT7 0,810

PLA1 0,780 0,849 0,853 0,892 0,624

PLA2 0,677 (out)

PLA3 0,676 (out)

PLA4 0,869

PLA5 0,751

PLA6 0,784

PLA7 0,761

BIK1 0,820 0,922 0,927 0,937 0,682

BIK2 0,863

BIK3 0,838

BIK4 0,858

BIK5 0,829

BIK6 0,744

BIK7 0,824

BIA1 0,807 0,899 0,910 0,922 0,665

BIA2 0,769

BIA3 0,808

BIA4 0,869

BIA5 0,660 (out)

BIA6 0,868

BIA7 0,764
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Table 3. Heterotrait-Monotrait Ratio (HTMT) Analysis

  EGI DLC IOT PLA BIK BIA

EGI            

DLC 0,546          

IOT 0,562 0,703        

PLA 0,370 0,646 0,612      

BIK 0,406 0,601 0,520 0,670    

BIA 0,265 0,602 0,374 0,694 0,804  

Table 4. Cross Loading Analysis

Variable Items EGI DLC IOT PLA BIK BIA

EGI1 0,818 0,425 0,477 0,409 0,430 0,355

EGI2 0,898 0,494 0,544 0,367 0,384 0,247

EGI3 0,861 0,280 0,369 0,149 0,201 0,107

EGI4 0,900 0,410 0,442 0,268 0,384 0,224

EGI5 0,833 0,361 0,385 0,249 0,261 0,187

EGI6 0,855 0,473 0,504 0,318 0,310 0,185

DLC3 0,348 0,754 0,523 0,525 0,404 0,324

DLC5 0,364 0,849 0,546 0,445 0,500 0,415

DLC6 0,351 0,723 0,406 0,363 0,323 0,462

DLC7 0,467 0,824 0,437 0,366 0,428 0,424

IOT1 0,497 0,517 0,859 0,505 0,429 0,325

IOT2 0,494 0,519 0,880 0,480 0,401 0,254

IOT3 0,441 0,449 0,828 0,388 0,453 0,282

IOT4 0,469 0,516 0,814 0,495 0,353 0,345

IOT5 0,492 0,564 0,859 0,455 0,435 0,300

IOT6 0,424 0,495 0,866 0,401 0,433 0,277

IOT7 0,359 0,512 0,810 0,546 0,382 0,319

PLA1 0,227 0,387 0,346 0,780 0,416 0,551

PLA4 0,297 0,377 0,400 0,869 0,462 0,444

PLA5 0,395 0,472 0,534 0,751 0,636 0,471

PLA6 0,124 0,322 0,422 0,784 0,407 0,498

PLA7 0,325 0,518 0,444 0,761 0,443 0,454

BIK1 0,263 0,426 0,368 0,485 0,820 0,591

BIK2 0,390 0,548 0,455 0,570 0,863 0,634

BIK3 0,340 0,358 0,344 0,521 0,838 0,641

BIK4 0,422 0,533 0,475 0,549 0,858 0,663

BIK5 0,238 0,357 0,386 0,489 0,829 0,640

BIK6 0,260 0,263 0,305 0,357 0,744 0,523

BIK7 0,353 0,505 0,461 0,529 0,824 0,646

BIA1 0,367 0,460 0,443 0,512 0,808 0,807

BIA2 0,212 0,421 0,251 0,440 0,544 0,769

BIA3 0,075 0,378 0,140 0,421 0,438 0,808

BIA4 0,289 0,498 0,323 0,550 0,699 0,869

BIA6 0,184 0,397 0,263 0,603 0,600 0,868

BIA7 0,096 0,339 0,253 0,444 0,503 0,764
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Based on the Cross Loading analysis (table 4), all indicators show the highest loading value on the constructs 
they are supposed to measure, indicating that discriminant validity through the cross-loading method has been 
met. For example, the EGI1 indicator has the highest loading of 0,818 on the English Intelligence (EGI) construct, 
much higher than its loading on other constructs such as DLC (0,425), IOT (0,477), and BIA (0,355). This pattern 
is consistent across all other indicators, such as IOT2 which has a loading of 0,880 on IoT Knowledge, PLA4 with 
0,869 on Project Learning Attitude, and BIK2 with 0,863 on Biological Knowledge. 

Based on the results of the path analysis using PLS-SEM (table 5), most of the relationships between 
variables in the model were statistically significant at the 5 % level (p < 0,05). There was a very strong and 
significant direct effect of English Intelligence on IoT Knowledge (β = 0,539, t = 19,105, p = 0,000) and Digital 
Literacy (β = 0,487, t = 17,185, p = 0,000), indicating that English language proficiency significantly contributes 
to students’ technological readiness. Furthermore, English Intelligence also significantly influenced Project 
Learning Attitude (β = 0,358, p = 0,000). Meanwhile, an increase in English Intelligence was associated with a 
decrease in Biological Attitude (β = -0,074, p = 0,004), despite simultaneously increasing biology knowledge (β 
= 0,106, p < 0,000).

The strongest relationship was found between Biological Knowledge and Biological Attitude (β = 0,600, t 
= 19,984, p = 0,000), confirming the central role of knowledge as a predictor of attitude. Other significant 
paths were from Project Learning Attitude to Biological Knowledge (β = 0,424) and Biological Attitude (β = 
0,256), and from Digital Literacy to both biology variables. However, the relationship from IoT Knowledge 
to Biological Knowledge was not statistically significant (β = 0,074, p = 0,071), although the direction of the 
effect was positive, indicating that mastery of IoT does not necessarily directly influence mastery of biology 
concepts. Conversely, a negative and significant relationship emerged from IoT Knowledge to Biological Attitude 
(β = -0,156, p = 0,000), which can be interpreted as indicating that high familiarity with technology does not 
necessarily align with positive attitudes toward biology lessons.

Table 5. Hypothesis Path

H Path Original 
Sample (β)

T Statistics 
(|O/STDEV|) P Values

H1 English Intelligence -> Digital Literacy 0,487 17,185 0,000

H2 English Intelligence -> IoT Knowledge 0,539 19,105 0,000

H3 English Intelligence -> Project Learning 
Attitude

0,358 13,372 0,000

H4 English Intelligence -> Biological 
Knowledge

0,106 3,762 0,000

H5 English Intelligence -> Biological 
Attitude

-0,074 2,863 0,004

H6 Digital Literacy -> Biological Knowledge 0,204 6,198 0,000

H7 Digital Literacy -> Biological Attitude 0,194 5,126 0,000

H8 IoT Knowledge -> Biological Knowledge 0,074 1,804 0,071

H9 IoT Knowledge -> Biological Attitude -0,156 6,106 0,000

H10 Project Learning Attitude -> Biological 
Knowledge

0,424 15,169 0,000

H11 Project Learning Attitude -> Biological 
Attitude

0,256 6,992 0,000

H12 Biological Knowledge -> Biological 
Attitude

0,600 19,984 0,000

Based on the structural model (figure 2), the highest R² value is found in the Biological Attitude variable 
at 0,634, which means that 63,4 % of the variance in attitudes towards biology can be explained by 
English Intelligence, Digital Literacy, IoT Knowledge, Project Learning Attitude, and Biological Knowledge. 
Furthermore, Biological Knowledge has an R² of 0,445 (moderate), indicating a substantial proportion of 
explanation. Meanwhile, Digital Literacy, IoT Knowledge, and Project Learning Attitude have lower R² 
values (0,237, 0,291, and 0,128), indicating that these variables are only partially influenced by English 
Intelligence.
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Figure 2. SEM Diagram Analysis

DISCUSSION
These results reinforce the conceptual model that language proficiency, digital literacy, and attitudes 

toward project learning contribute significantly to improving students’ knowledge and attitudes toward 
biology. Hypotheses H2 and H4 revealed that English Intelligence significantly influences IoT Knowledge and 
Biological Knowledge, indicating that students with high English proficiency are better able to understand 
technical materials, documentation, and the operation of IoT systems, as well as a deeper understanding of 
biology, generally due to the richness of learning resources and media available in English. This reinforces 
the view that foreign language proficiency not only impacts communication skills but also opens access to 
complex technological knowledge, making it important to include it as part of a digital science curriculum.
(109,110) Meanwhile, Digital Literacy was also shown to significantly contribute to Biological Knowledge. This 
suggests that students with high abilities in accessing, evaluating, and using digital information are better able 
to build a broad conceptual understanding of biology.(74) These skills are highly relevant in the era of online and 
open-source learning, where the quality and validity of the information consumed are key determinants of the 
quality of academic knowledge.

Project Learning Attitude also demonstrated a strong and significant effect on Biological Knowledge, 
indicating that students with positive attitudes toward project-based learning are better able to build a 
deeper biological understanding. Project-based learning allows students to relate biological concepts to real-
world contexts, increasing engagement, and developing critical and reflective thinking skills.(61) This approach 
encourages active exploration and meaningful learning, which not only strengthens conceptual memory but 
also facilitates the process of knowledge construction.(1,3) Hypothesis H12 also received strong support, with 
the largest coefficient value in the model, for the effect of Biological Knowledge on Biological Attitude. This 
confirms that a good understanding of biological material not only improves academic achievement but also 
strengthens students’ positive attitudes toward biology as a whole. Students who understand biological concepts 
well tend to appreciate the importance of biology in life and demonstrate greater enthusiasm.(100,111) These 
findings confirm the theory that knowledge is the foundation of affective learning and highlight the importance 
of teaching strategies that balance cognitive achievement and affective reinforcement.

This study also found unique findings, such as English Intelligence having a negative but significant effect on 
Biological Attitude. This finding contradicts the initial hypothesis, which assumed that English proficiency would 
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support a positive attitude toward biology learning. One critical interpretation of these results is the possibility 
that students with high English proficiency have higher expectations for the quality of teaching materials and 
methods. When biology learning is perceived as insufficiently challenging, contextualized, or lacking adequate 
English-language international references, students may become less engaged, thus decreasing their positive 
attitudes toward biology.(77,112,113) Furthermore, an academic orientation skewed toward language and technology 
can shift students’ interest away from biology, which may be perceived as more descriptive or theoretical. In 
other words, high English proficiency does not necessarily equate to an appreciation or interest in biological 
content, especially if the learning context does not integrate the material globally and transdisciplinary.

Furthermore, the IoT Knowledge on Biological Knowledge pathway shows a positive but insignificant 
relationship between IoT Knowledge and Biological Knowledge. Conceptually, it is hoped that mastery of Internet 
of Things technology can help students understand biological phenomena through sensor data, visualization, and 
automatic monitoring. However, the insignificance of this path indicates a gap between technological mastery 
and its integration into the biology learning process. One key reason is that IoT is generally understood, such 
as the use of smart devices in everyday life, but has not yet been directly applied in experimental contexts or 
in biological scientific studies in academic settings.(1,114) In other words, although students understand IoT, their 
direct experience connecting this technology to biological concepts is still minimal. The absence of IoT devices 
in biology laboratories or the absence of technology-based projects means that the effect of IoT knowledge on 
biology mastery is not strong enough to reach statistical significance.(115,116)

The findings from the correlation between IoT Knowledge and Biological Attitude also show a significant 
negative effect of IoT Knowledge on Biological Attitude, which is the most contradictory result in this model. 
This result indicates that students who are more familiar with or familiar with IoT technology actually 
exhibit less positive attitudes toward biology. A deeper explanation for this finding could be attributed to 
the misalignment between students’ technological preferences and biology learning content, which is still 
dominated by conventional approaches. Students with high technological literacy tend to have expectations 
for dynamic, data driven, and interactive learning.(59) If their biology learning doesn’t facilitate IoT use or 
provide space for technological exploration, students will perceive a lack of relevance between biology and 
their technological competencies. This, in turn, creates the perception that biology is an outdated subject or 
not applicable to their digital reality, ultimately diminishing positive attitudes toward the subject.

While this study provides important insights into the role of english intelligence, digital literacy, IoT 
knowledge, and project learning attitudes on students’ biology knowledge and attitudes, it has several 
limitations. The cross-sectional design limits the ability to uncover long-term causal relationships between 
variables. Furthermore, although the sample included three major islands in Indonesia, this geographic scope 
does not fully represent the context of biology education across Indonesia. These limitations could guide future 
research using longitudinal approaches, multi-source measurement methods, and broader population coverage 
to strengthen the generalizability and depth of analysis.

CONCLUSIONS
This study confirms that the integration of English language proficiency, digital literacy, and attitudes 

toward project-based learning plays a crucial role in shaping both students’ knowledge acquisition and affective 
responses to biology. English Intelligence was shown to be a significant factor influencing Digital Literacy, IoT 
Knowledge, and Project Learning Attitude, suggesting that language proficiency serves as a gateway to accessing 
broader academic and technological resources. However, a surprising finding was the negative effect of English 
Intelligence on Biological Attitude, indicating a pedagogical gap: students with high language proficiency likely 
perceive biology learning as insufficiently globally relevant or insufficiently integrated with technology.

Digital Literacy and Project Learning Attitude were shown to positively influence knowledge and attitudes 
toward biology, while IoT Knowledge showed no significant effect on Biological Knowledge but a significant 
negative impact on Biological Attitude. This suggests that technological mastery does not automatically have 
a positive impact without contextual application in biology learning. The very strong effect between Biological 
Knowledge and Biological Attitude confirms that cognitive mastery is the foundation for student engagement and 
affective motivation. Therefore, biology learning in higher education needs to be directed appropriately to be 
more integrated in an interdisciplinary and applicable manner, in line with the digital and linguistic competencies 
of today’s students, in order to build an understanding and appreciation of biology in the 21st century.
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