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ABSTRACT

The purpose of this study was to explore how Project-Based Learning (PBL), and Digital Literacy relate to the
attitudes toward science of high school senior (STEM) students in Koronadal City, Philippines. Using a
correlational, nonexperimental quantitative approach, the researcher used a survey as an instrument. There were
three different types of surveys that were employed; the Project-Based Learning questionnaire, the Digital
Literacy Survey, and the Attitude Toward Science Inventory. A total of 511 STEM students attending various
public and private high schools were selected as respondents. Pearson's r was conducted with the data collected
from these participants to establish if there existed relationships among the variables under consideration. The
results indicated that PBL, digital literacy, and attitudes toward science had a positive relationship among all
three. Thus, PBL and digital literacy are contributing to students' motivations, confidence levels, and interests in
science-related learning. Additionally, since PBL is primarily an experiential learning activity that involves
collaboration, active participation, and authentic learning experiences, it allows students to learn by doing rather
than just listening or reading about a topic. On the other hand, digital literacy provides students with the
opportunity to find, critically evaluate, organize, analyze, synthesize, and communicate scientific information
electronically. Therefore, incorporating PBL into the curriculum for STEM courses will allow for enhanced
student engagement and provide teachers with additional tools and methods to teach technology-based science
content.
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INTRODUCTION

A lot of senior high school students hold negative attitudes towards science. The number of students who are
interested in pursuing science-related fields continues to dwindle (Cermik & Fenli-Aktan, 2020; Potvin & Hasni,
2021). Moreover, a decrease in students' desire to engage in science learning has also been reported. There are
also empirical evidence showing that negative attitudes toward science amongst senior high school learners are
often linked to decreased engagement in science classes, less likelihood of persisting in their pursuit of an
academic career in science, and fewer plans to pursue a career in a science-related field (Mao et al., 2021).
Attitude toward science is viewed as a multi-dimensional construct from a theoretical perspective including the
dimension of affective responses, perceived Literacy, and value belief. Thus, attitude toward science is seen as
a complex but very important dependent variable in science education research (Abramo et al., 2023). According
to Self-Determination Theory, if students do not feel they have autonomy, relevance and/or digital literacy within
their science classroom, then there will be a decline in their attitudes toward science (Ryan & Deci, 2020;
Schukajlow et al., 2021). Therefore, to address ongoing issues with the long-term attitudinal challenges of senior
high school students, the use of instructional approaches such as project-based learning and/or the teaching of
competencies such as digital literacy will continue to be used as two of the most predictive variables for senior
high school students' attitudes toward science in the current educational environment (OECD, 2023).
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Why study attitudes toward science? It is imperative to study attitudes toward science due to consistent research
demonstrating that learners' perceptions, interests and values toward science directly impact learners'
engagement, academic success and likelihood of pursuing future opportunities in science-related fields (Cermik
& Fenli-Aktan, 2020; Mao et al., 2021). Although previous studies provided valuable insight into the way
instructional strategies and learning environments contribute to developing attitudes toward science in learners,
many previous studies did so individually or focused solely on general academic outcomes rather than the
specific area of attitudinal development itself (Schukajlow et al., 2021; Potvin & Hasni, 2021). Due to these
limitations in prior research, there was a clear need for the current study. This study aims to build upon prior
research by examining both Project-Based Learning and digital literacy as predictors of attitudes toward science
developed in senior high school students, while simultaneously meeting current educational demands and the
call for more holistic and learner centered research (OECD, 2023).

Prior studies indicate that active and technology supported learning environments may positively influence
students' attitudes toward science. However, the relationships between Project-Based Learning and digital
literacy and attitudes toward science remain underdeveloped. As previously mentioned, project-based learning
is viewed as a viable method of engaging students in authentic learning experiences where students collaborate,
inquire and solve problem in order to develop a deeper understanding and motivation in science (Miller et al.,
2019). Additionally, a study conducted by Wicaksono et al. (2024), demonstrated that using a Project-Based
Learning model combined with sasambo local wisdom resulted in a statistically significant improvement in
students' scientific attitudes. They concluded that contextualized and culturally relevant projects may enhance
curiosity, open-mindedness, perseverance and environmental sensitivity. However, the extent to which positive
attitudes toward science are influenced by instructional strategy alone versus the extent to which students' ability
to access, evaluate and utilize digital information influences their ability to participate in modern science learning
is unknown. Hwang et al. (2022) indicated that the relationship between digital literacy competence and attitude
readiness toward technology-integrated learning is significant. They concluded that digitally literate learners
may be better equipped to successfully complete science-related learning tasks due to increased confidence and
receptivity. These findings form the foundation for this study and aim to investigate whether Project-Based
Learning and digital literacy are predictors of students' attitude toward science (Ospankulova et al., 2025). The
study of the relationship between project-based learning (PBL) and attitudes toward science is well supported
by the literature, suggesting a positive relationship overall. Therefore, a study of Project Based Learning and its
relationships to attitudes toward science in the senior high school setting could provide additional insight into
the ways that this relationship develops and manifests in different learning environments.

Attitudes toward science have been shown to be strongly influenced by digital literacy. The acquisition of digital
literacy enables learners to acquire, interpret and apply scientific knowledge in digital learning environments.
Learners who develop higher levels of digital literacy are more likely to hold positive attitudes toward science
than those with lower levels of digital literacy. This is due to the fact that those with greater digital literacy will
be more competent in using online technologies, simulations and digital resources to assist in the comprehension
of complex scientific concepts. Studies published within recent years have demonstrated that digital literacy aids
learners in both cognitive engagement and academic self-efficacy, two important indicators of a learner's
potential to hold positive attitudes toward science (Galve & Labio, 2023; Alegado, 2025). In addition, digitally
literate students are typically better at evaluating scientific information critically, communicating ideas through
digital tools and participating in collaborative inquiry, factors that increase their interest and motivation to learn
about science (Delima et al., 2023). Additionally, research demonstrates that digital learning environments
contribute to increased student engagement and preparedness in science education, ultimately resulting in more
favorable attitudes toward learning when students possess adequate digital competence (Macario et al., 2026).
Conversely, students with limited digital literacy will find difficulty in processing information related to
technology, which may result in decreased confidence and diminished interest in science-related learning
activities. Ultimately, digital literacy contributes substantially to forming positive attitudes toward science by
creating an environment where learning is more interactive, accessible, and pertinent to current technology-
based education systems.
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Digital literacy has a strong and positive correlation with Senior High School students' attitudes toward science,
as it helps learners gain the ability to access, interpret and critically analyze scientific information using digital
formats. As such, students with a stronger sense of digital literacy are often more interested and confident in
pursuing science-related learning opportunities because they can independently engage with simulations, virtual
labs, online journal articles and other multimedia resources that make complex scientific concepts easier to
comprehend and visually appealing. More recently, researchers have emphasized that digital literacy provides
learners with enhanced cognitive engagement as well as improved self-efficacy in learning science -- two major
contributors to a positive attitude toward the subject (Nguyen & Habok, 2022; Falloon, 2023).

Moreover, By giving learners the skills required for accessing, evaluating, creating and communicating
information using digital tools, digital literacy can enhance their ability to successfully interact within a
technology-based learning environment (Aving & Dogan, 2024). Digital self-efficacy may also be able to support
learner's social, cognitive, behavioral, collaborative and emotional participation in on-line learning environments
(Getenet et al., 2024). Although it is possible that digitally literate learners will have an increased perception of
relevance and applicability of science to every day life and therefore have increased motivation for learning
science, this assertion needs to be supported by research that has assessed both motivation and attitudes toward
science. Similar findings were reported by Pepito and Acledan (2022), whose research showed that STEM
students with higher levels of digital literacy performed better in online learning environments as their digital
competencies allowed them to successfully locate information, utilize various digital applications, and complete
technology-based learning assignments. The authors found that together with self-directed learning, digital
literacy was a significant predictor of online learning success. They concluded that digital literacy forms a
fundamental base for learners' active involvement and performance in educational settings that incorporate
technology. Further, digital literacy develops critical thinking capabilities and information analysis skills,
allowing learners to identify reliable scientific sources from unreliable ones (UNESCO, 2023).

Therefore, students with limited digital literacy may experience difficulties accessing digital learning tools,
which may detract from their engagement and enthusiasm for science-related learning. Overall, digital literacy
acts as a powerful enabling agent for forming positive attitudes toward science by creating a learning
environment that is more interactive, more accessible and more inquiry-oriented within today's Senior High
School education system. Digital Literacy and Project-Based Learning (PBL) both positively affect different
aspects of science education, but one key aspect is missing: what happens when the two are together? There was
little-to-no prior research on how Digital Literacy acts as a mediator or moderator of PBL's effect on attitudes
toward science in high school STEM students. Some studies have found that digital literacy can aid in
collaborative learning, critical thinking, and participatory inquiry-based activities (Cairo, et, al., 2018), yet the
link from digital literacy to attitude outcomes through PBL has never been fully studied. Moreover, Digital
Literacy and PBL may also be used as tools to bridge gaps created by unequal access to technology and digitally-
skilled workers that inhibit the full realization of the positive impacts of PBL for science attitudes in many
countries such as the Philippines and other developing countries (Bahri et al., 2023; Nuraeni et al., 2022). As
such, if we do not understand how digital literacy influences students’ affective response to science via PBL,
then educators and policy makers will not have empirically-based information to help guide them in creating
equitable, accessible and effective means to engage students, create lifelong interest in science, and produce
long-term achievements in science education.Thus, this study is urgent and timely since it seeks to address this
void in the body of knowledge regarding how PBL and Digital Literacy jointly impact the attitudes toward
science in high school STEM students. The findings of this study should provide valuable insights for those
working in contexts with restricted digital infrastructures.

The primary objective of this quantitative study, First, to determine the extent to which Project-Based Learning
among senior high school STEM students. Second, Determine the extent of Digital Literacy among senior high
school STEM students. Third, Assess the level of Attitude Towards Science among senior high school STEM
students. Fourth, To determine relationships among Project-Based Learning, Digital Literacy, and attitudes
toward science among Senior High School STEM Students. Fifth, determine whether Project-Based Learning
and Digital Literacy significantly predict senior high school STEM students' Attitude Towards Science.
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As well as having global relevance, this study contributes to a greater comprehension of how digital literacy and
Project Based Learning (PBL) interact to influence attitudes toward science. In spite of increasing recognition
of the individual merits of each methodology, this topic continues to be relatively unexplored. By analyzing
Digital Literacy as a predictor variable within PBL contexts, this research addresses a critical deficit in the body
of literature concerning science education. Specifically, it offers empirical data demonstrating how technology
skills foster positive science attitudes, which are vital factors related to continued engagement, motivation, and
achievement in STEM fields worldwide (Beers, 2021; Hindun et al., 2024). These findings can assist curriculum
developers, teachers and policymakers to develop curricula and educational methods that utilize digital tools and
active learning techniques that enable students to meet the evolving requirements of the scientific environment
and digital economy. Thus, these findings contribute to the international educational conversation.

Furthermore, this study has substantial social importance for institutions and communities experiencing
inequality in access to digital competencies and technologies. Additionally, this study promotes fair science
education and empowers students from disadvantaged regions to overcome barriers that prevent their
participation in STEM by illustrating how integrating Digital Literacy into PBL can improve science attitudes
(Nuraeni et al., 2022). K-12 schools, science instructors, and teacher training programs benefit directly as they
can apply the research findings to better teach methodologies and encourage student engagement. Additionally,
this study provides educational technology companies with useful suggestions for creating materials that support
inquiry-based learning groups.

METHODOLOGY

Research Design

This study utilized a quantitative, non-experimental, correlational research design to investigate how project-
based learning is related to digital literacy and students' views on science. Since this study looked for the
relationship among the variables without changing the learning environment of the participants, the correlational
design was most appropriate. Additionally, since the objective of this study was to explain if differences in the
amount of project-based learning and differences in students' digital literacy are associated with the attitude
towards science by the same group of students; therefore, this study was classified as an explanatory research.
This study relied on survey research to collect quantifiable responses from the participant's so that the researcher
may look at the trends and relationships among the variables. Also, this study used a cross-sectional design which
means that the data were collected from all of the participants at one point in time instead of collecting data over
multiple periods.

Research Respondents

The respondents in this research study consisted of high school senior students in the Science, Technology,
Engineering, and Mathematics (STEM) programs of several public and private educational institutions in
Koronadal City, South Cotabato. The educational institutions included Koronadal National Comprehensive High
School, Notre Dame of Marbel University — Integrated Basic Education Department, and Green Valley College
Foundation Incorporated — Integrated Basic Education Department.

The STEM students were chosen as participants because of their involvement with project-based learning,
technology supported instruction, collaborative projects and scientific inquiry. These elements make them ideal
participants to investigate the relationship among project-based learning, digital literacy and attitudes toward
science. A total of 511 students participated in the study from 1,044 STEM students. To determine the required
sample size, a researcher used the Raosoft Sample Size Calculator. Researchers also sampled from different
schools and STEM sections to represent both the public and private education systems.

In the research study, researchers employed the method of quota sampling to obtain sufficient numbers of
participants from the selected schools. Once researchers identified the schools and STEM sections, researchers
randomly selected students from those sections. In order for the respondents to qualify in this study, students
had to be current students in a STEM program, agree to participate in the study and sign either an informed
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consent document or assent form. Prior parental or guardian consent was necessary for any student under the
age of 18 years; however, researchers then obtained assent from students after receiving such consent from
parents/guardians.Students qualified to participate in this study if they were registered in a STEM program;
completed accurate questionnaires; provided written consent/assent forms. If students did not meet the eligibility
criteria for participation, they would not be able to continue participating. Students could withdraw from the
study at any time without suffering consequences. Data collected from students who withdrew from the study
would not be used in subsequent analyses.

Research Instrument

A research-based survey questionnaire was utilized in this study to gather quantitative data on three key areas
that are central to this investigation: project-based learning; digital literacy; and student attitudes towards
science. The survey had three parts, each section included adapted forms related to the objectives of the study
and the intended recipients. The Project-Based Learning Questionnaire assessed student experiences relative to
being an active participant, collaborating on meaningful project activities, applying learned knowledge, and
having positive attitudes such as motivation, engagement and academic performance. Respondents answered
questions based upon a five point Likert Scale, which ranged from 1-Strongly Disagree to 5-Strongly Agree. A
higher mean score would indicate greater evidence of project-based learning.

The Digital Literacy Survey Questionnaire is an adaptation of Baterna et al.'s (2020) tool. This assessment
evaluates students' abilities to access, evaluate, organize, analyze, create and disseminate information utilizing
digital technology. Questions were assessed on a five-point scale, ranging from "Not at all" to "Very great extent."
While the original tool has been found reliable with a Cronbach's Alpha of .904, it is recommended that any
adaptations be subject to expert review/validation, piloted testing and reliability analyses.

The Attitudes Toward Science Inventory is an abbreviated form of the mATSI:2 developed by Tai et al. (2022).
Student perceptions regarding the value they place on science; their level of enjoyment; how engaged they are;
and how anxious or fearful they feel about science were assessed. Items scoring positively were evaluated as
presented; negatively scored items were reversed. Students who received higher scores had a more positive
attitude toward science. Since many items were deleted from the mATSI:2; any modifications to this tool should
also include content validity reviews; pilot testing and internal consistency analyses.

The adapted survey questionnaire underwent a validation process prior to conducting the study. Four (4) expert
panelists from the relevant discipline reviewed and assessed the survey questionnaire to validate content,
relevance, clarity and suitability for use by the target respondents.

Data Gathering Procedure

Before this study is conducted the researcher made sure that a formal letter, with an attached copy of the research
proposal and the adapted survey questionnaire, was sent prior to collecting the data to each of the schools'
administrative bodies. This allowed them to understand clearly the reasons for the study; its purpose, objectives,
methods and ethical implications as well as any potential contributions to education.

Based on the feedback from the panel, the revised survey questionnaire were piloted tested on fifty (50) Notre
Dame of Marbel University (NDMU) students. These pilot test subjects were not part of the actual sample group
in order to avoid tainting the ultimate data set. The pilot test was conducted to evaluate clarity of items, identify
any potential problems associated with administering the survey, and to verify the reliability of the survey
instruments. Following the pilot testing, the internal consistency of the instruments was determined using
Cronbach's alpha reliability analysis. Cronbach's alpha was employed to measure the extent to which the items
within each scale were consistent in measuring the intended constructs. The obtained Cronbach's alpha
coefficients indicated the reliability of the instruments, confirming their suitability for use in the actual data
collection. An appropriate reliability testing procedure was applied to measure the internal consistency among
the items included within the survey. Any needed adjustments to improve the survey instruments were made
after receiving the reliability testing results prior to making a final administration of the survey instruments.
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Once institutional approvals and compliance with ethical research requirements had been obtained, arrangements
were made with school administrators, designated teachers and other personnel involved with data collection to
coordinate schedules and logistics for conducting data collection. The researcher then identified the eligible
participants consistent with the inclusion criteria defined in this study and coordinated the distribution of the
surveys to the participants at a mutually agreeable time with respect to the participating schools.

Prior to allowing respondents to complete the surveys, the researcher explained to them the purpose,
methodological design and possible value added aspects of this research project. Respondents were also advised
about their rights as they related to their voluntary participation in this study including maintaining
confidentiality of their responses and withdrawing from participation in this study at any point without any
consequences. With regard to minors, both parental/guardian consent and student assent were first received prior
to any involvement of these minors in this study. The researcher only utilized data from participants who
provided voluntary consent for participation and completed all requisite procedural steps for consent.

During scheduled class periods, the validated survey instruments were distributed under supervision by assigned
teachers/school personnel. As such, respondents received clear directions relative to responding to survey items
in order to accurately reflect their opinions. Upon completing the surveys, the researcher collected all completed
surveys and conducted preliminary data validation/organization/categorization/coding/recording activities.
Surveys that contained incomplete questions/inadequately completed surveys/forms or those submitted by
participants who withdrew from the study were removed from consideration when compiling the final data set.

Data collection occurred from January 1 through March 31, 2026. Following completion of data collection, all
responses were systemically organized and prepared for subsequent statistical analyses. The researcher
maintained the anonymity/confidentiality of all study participants throughout this study. No personal identifying
information was reported as part of the results of this study. All data collected was used exclusively for
educational/research purposes. All data collected was appropriately protected against unauthorized access. Data
management, retention and disposal practices were implemented consistent with institutional research policies
and applicable ethical guidelines concerning safeguarding of research-related information.

Data Analysis Procedure

The data that were collected were checked for accuracy, assigned codes, put into a table format, and analyzed by
applying both descriptive and inferential statistic measures. Averages (mean) and the dispersion of averages
(standard deviation) were applied to measure the average amount of project based learning, digital literacy, and
positive or negative feelings about science. Descriptive values (mean scores) for each variable were identified
using a five level descriptive scale developed from this study.

Pearson's r were used to analyze the relationship between project based learning, digital literacy, and positive or
negative feelings about science in terms of direction, strength, and statistical significance; preferably with an
alpha of .05. Prior to performing the analysis several assumptions need to be met including: linearity,
approximately normally distributed data, data measured on an interval scale, and no outlier(s) exist that could
have a significant influence on the results of the analysis.A multiple linear regression may also be performed to
identify if project based learning and digital literacy are predictors of positive or negative feelings about science.
While the analysis will provide information regarding associations and the predictive contribution of variables
being studied it will not provide evidence of causality.

RESULTS AND DISCUSSION
Level of Project-Based Learning Among Senior High School STEM Students

The descriptive results concerning students' experiences with Project-Based Learning (PBL) will be discussed.
Table 1 shows the Level of Project-Based Learning Among Senior High School STEM Students. As shown in
the table, students' levels of engagement in PBL are measured in three ways: learning, motivation and
performance. Therefore, the table displays students' perceptions towards whether they believe projects helped
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them develop their understanding of content; encouraged their participation; developed their ability to work
collaboratively; developed their practical skills.

Table 1 The Level of Project-Based Learning among Senior High School STEM Students

Indicators Mean SD Descriptive Equivalent
Learning 3.99 0.63 High
Motivation 4.04 0.64 High
Performance 4.05 0.62 High
Overall 4.02 0.55 High

The Table 1 show that senior high school STEM students have consistently high levels of experience using
Project-Based Learning (PBL) across all three measures. On average, the students scored a total mean of 4.02
(SD =.55). Of the three aspects of PBL measured, Performance (mean of 4.05) and Motivation (mean of 4.04)
were very close to each other and both scored slightly above the Learning measure (mean of 3.99) — meaning
that although students believe they are improving their output and being more motivated as well as working
harder on projects; they believe their conceptual knowledge development is moving forward at a slower rate than
either their production or motivation. This was supported by low SD scores that indicated that students had very
similar views about the effectiveness of PBL, implying it was implemented fairly consistently. The results
suggest that PBL has created a supportive learning environment that develops student’s abilities to produce
quality work; as well as sustaining their interest in and active participation in learning activities. The fact that
Performance and Motivation emerged as most significant in this context implies that the experiential and
collaborative components of PBL help facilitate students in applying what they know as well as remaining
interested in doing so.

These results support the theoretical literature related to PBL. Specifically, these results support Constructivist
Learning Theory, because students learned from actively constructing their own knowledge via engaging in real-
world like experiences (Darling-Hammond et al., 2020); and support Self-Determination Theory, because
students experienced greater autonomy, collaboration and competence when engaging in PBL, resulting in
increased student motivation (Ryan & Deci, 2020). Empirical evidence supports the current research supporting
the notion that PBL produces better academic performance and student motivation. A study conducted by Chen
and Yang (2021), showed that students who used PBL outperformed those who did not engage in PBL by having
a significantly greater engagement with course materials and achieving academically. Likewise, a study by
Kokotsaki et al. (2021), reported that not only did PBL enhance the students' cognitive capabilities, but also
fostered their cooperative and problem solving capabilities. That said, the slight decrease in the Learning
component does indicate that some structural guidance may be necessary in order for PBL to achieve its full
potential; specifically regarding developing students conceptual understanding. This is in line with the findings
of Zhan et al. (2022), that suggested the role of teacher facilitation in PBL is critical to maximize conceptual
understanding. Overall, the study provides strong empirical evidence to support current literature supporting
PBL as an effective and comprehensive method of instruction.

Level of Digital Literacy among Senior High School STEM Students

The descriptive finding reports on the level of Digital Literacy among senior high school STEM students as an
important skill to enable them to utilize technology-supported science learning. Table 2 describes the various
dimensions of Digital Literacy among senior high school STEM students including accessing and evaluating
information, utilizing and managing information, analyzing media, creating media products, effectively applying
technology, and interacting through technology. The table represents students' ability to utilize digital tools,
assess and manage information, communicate effectively using technology, and generate digital content related
to science learning and academic responsibilities. Additionally, the indicators illustrate how students utilize
digital competences to access scientific information and collaborate with peers in educational contexts.
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Table 2 Level of Digital Literacy among Senior High School STEM Students

Indicators Mean SD Descriptive Equivalent

Accessing and Evaluating Information 3.98 0.62 High

Utilization and Management of 3.89 0.69 High

Information

Media Analysis 4.16 0.63 High

Creation of Media Products 3.85 0.72 High

Effective Application of Technology 423 0.65 Very High

Interaction through Technology 421 0.66 Very High

Overall 4.05 0.66 High

The table 2 shows that STEM Seniors have a high average score in terms of Digital Literacy (average x = 4.05,
standard deviation s = .66). This suggests they are competent in all areas assessed by this test. They scored the
highest in the area of Technology Application (average x =4.23) and in Interacting Through Technology (average
x =4.21); both were rated very high, indicating that students can utilize digital tools and communicate through
technology. Lower, but still high scores were recorded in Media Product Creation (average x = 3.85) and
Utilization and Management of Information (average x = 3.89), indicating students may require additional
training or experience in creating content digitally and organizing information electronically. In summary, this
data indicates that although students have an excellent capacity to apply and interact with technology, there is a
need for them to develop an increased ability to create and manage digital materials.

The findings from this study support many current theory and research related to Digital Literacy. As previously
mentioned, the Digital Competence Framework emphasizes that digital competence is multi-dimensional. Thus,
it encompasses not just technical skills, but also critical thinking, communication and content creation (Vuorikari
et, al., 2022). Research studies (Siddiq et al., 2021; van Laar et al., 2020) have found that while students tend to
perform better in applying and communicating via technology, they have difficulty with creating content and
managing information critically. Very high scores in utilizing technology and interacting through technology
confirmed that students adapt well to digital environments; however, lower scores in media creation and
information management suggested that students would benefit from more directed practice in higher-order
digital skills. Moreover, this study provides further support to the body of research that developing digital literacy
will require an equal balance of developing technical skill levels and developing advanced cognitive skills.

This study's findings also supported the growing amount of literature regarding digital interaction being a
primary element of digital literacy. The European Commission stated that digital communication needs to be
functional, aware of the target audience and ethically correct (Vuorikari et, al., 2022). Other studies found similar
results when students used digital tools for communication purposes, but required instruction on adapting their
message based on various types of audiences, and combining information appropriately (Siddiq et al., 2021; van
Laar et al., 2020). Overall, these results indicated that STEM students had strong capabilities in communicating
through technology, while showing the importance of continued focus on developing more complex
communication skills and integrating information in order to become fully literate in the digital world.

Level of Attitude towards Science among Senior High School STEM Students

The last set of descriptive statistics presented the students' attitudes toward science as students' perceptions,
confidence, interests, and motivations toward learning about science. Table 3 shows the degree of attitude toward
science of senior high school STEM students across five dimensions including Perceptions of the Teacher,
Anxiety Toward Science, Value of Science to Society, Self-Confidence in Science, and Desire to Do Science.
Table 3 illustrates how students feel about science, how confident they are in their own abilities to learn science,
how interested they are in learning science, and how motivated they are to pursue their educational goals related
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to science. Additionally, each dimension offers insight into what influences students' participation and
commitment to learning about science.

Table 3 Level of Attitude towards Science among Senior High School STEM Students

Indicators Mean SD Descriptive Equivalent
Perception of the Teacher 4.12 0.68 High

Anxiety toward Science 3.25 0.96 Moderate

Value of Science to Society 4.23 0.69 Very High

Self-confidence in Science 3.43 0.68 High

Desire to do Science. 3.72 0.80 High

Overall 3.75 0.52 High

In evaluating student attitudes toward science from an educational perspective, the data suggests that the average
senior high school STEM student has a very favorable view of science (X = 3.75; SD = 0.52) which translates to
having a good understanding and appreciation for the science discipline and/or being engaged in the process of
learning science. Of all the aspects evaluated, students have the most positive perception of the value of science
to society (X = 4.23; "Very High") as they clearly understand how important it is to understand scientific
principles and theories relative to everyday life. Students also report relatively low levels of anxiety (x = 3.25;
"Moderate") when performing tasks that require them to apply scientific concepts and methods. Collectively,
this data implies that students appear to be enthusiastic about studying science, believe in themselves as learners,
and see science as applicable to society. However, there does seem to be evidence of moderate levels of anxiety
associated with science learning; if addressed through appropriate instructional strategies (e.g., hands-on
projects) may ultimately increase the enthusiasm for and confidence in science education for students.

The results support both theory and research supporting the notion that attitudes toward science are positively
correlated with motivation and engagement in science education. Tai et al. (2018) noted that when students
perceive science as valuable and relevant to society, they will be more interested and persistent in pursuing
careers in science, technology, engineering and mathematics (STEM). Osborne et al. (2021) supported this idea
by noting that students who possess high degrees of confidence in their ability to perform well in a science class
as well as those who express a strong desire to learn new things tend to do well academically and remain involved
in science education longer than students who lack confidence and/or interest in learning. Conversely, moderate
anxiety in response to science-related tasks was found to negatively impact a student’s likelihood to participate
and succeed in science classes. Together, these results suggest that developing interventions designed to
minimize science anxiety via supportive instruction and opportunities for students to explore science using
hands-on approaches would likely result in stronger attitudes toward science education and enhanced long-term
commitment to exploring science.

Relationships among Project-Based Learning, Digital Literacy, and Attitudes Toward Science

This section reports the statistical analysis of whether Project-Based Learning correlates with students’ Attitudes
Toward Science and Digital Literacy correlate with students’ attitude toward science of senior high school STEM
students. More specifically, it examines the degree to which Project-Based Learning is associated with senior
high school STEM students' attitudes toward science and how Digital Literacy correlates with their attitude
toward science. Tables 4 and 5 show the statistical analyses of correlations between Project-Based Learning with
attitude toward science and Digital Literacy with attitude toward science of senior high school STEM students.
Table 4 assesses the association between the three areas of Project-Based Learning (learning, motivation, and
performance) and the six dimensions of attitude toward science (perception, self-confidence, interest, motivation,
enjoyment, and general attitudes). In addition Table 5 identifies the association between Digital Literacy and the
six dimensions of attitude toward science, including communication skills, learning experiences, use of
technology/digital tools, engagement with content, collaborative work, and effective information exchange.
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These tables collectively offer insight into how project-based learning experiences and digital Literacy foster
positive attitudes, motivation, and active involvement in science education.

Table 4 Significance of the Relationship between Project-Based Learning and Attitude towards Science
among Senior High School STEM Students

Attitude towards Science
Project- Value of
Based Perception of | Anxiety Science Self- Desire to
Learning the Teacher toward to confidence in do Overall
Science Society Science Science
Learning 410™" 200*" 375 360™" 429** 509%"
o 412 180" 331 268" 320" 4327
Motivation
391** 202** 382" 273** 357 461°"
Performance
Overall 4677 223" A7 346" 42477 538"

These results indicate a strong association between the degree to which students engage in Project-Based
Learning (PBL), and their confidence, motivation, and enthusiasm for science. All aspects of PBL — learning,
motivation, and performance — correlate strongly with each indicator of attitude. Specifically, the most
consistent association was found between total PBL and perception of the teacher. Thus, it can be inferred that
when students experience relevant, meaningful projects they do not only gain greater understanding of science
topics but also develop a positive disposition toward science due to perceiving their instructors as supportive and
interactive.

In addition, these results demonstrate that the incorporation of PBL into instructional practices offers additional
academic benefits beyond those related to content. In addition to promoting self-assurance through hands-on,
interactive, collaborative experiences in authentic contexts, PBL promotes intrinsic motivation toward learning
science, and helps foster a favorable predisposition toward acquiring new knowledge. As such, these results
provide empirical support for research suggesting that experiential, student-centered learning strategies promote
both cognitive and emotional growth in Science, Technology, Engineering and Mathematics (STEM) education
(Osborne et al., 2019; Tai et al., 2020). Similarly, empirical studies have supported the idea that project-based,
collaborative learning activities lead to increased involvement in science learning, improved attitudes toward
science learning and enhanced achievement in science.

Table 5 Significance of the Relationship between Digital Literacy and Attitude towards Science among
Senior High School STEM Students

Attitude towards Science
Digital Literacy Value of
Perception Anxiety Science to Self- Desire to
of the | toward Society confidence in do Overall
Teacher Science Science Science
Accessing and 382" 453" 336" 521 493"
Evaluating .062.165
Information
Utilization  and
Management —of | 37g** 175" 4™ 365" 507" 521
Information
Media 349™" .088".047 5147 264" 407" 456"
Analysis
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A positive relationship is demonstrated by the data in Table 5 between digital literacy and students' general
attitudes toward science in relation to senior high school STEM students. An r = 0.553 value was identified at a
p=0.000 level. The positive correlation demonstrates a strong statistical relationship between students with high
levels of digital literacy and having an increased number of positive perceptions, an increase in self-confidence,
and an increased motivation for studying science. Each area of digital literacy—accessing/evaluating
information, utilizing/managing information, analyzing media, creating media products, effectively applying
technology, and interacting through technology—also has a significant relationship with students' attitudes
toward science. Some areas of digital literacy—such as interacting through technology and effectively applying
technology—are less associated or do not demonstrate a significant relationship with various indicators of
attitude toward science—i.e., anxiety toward science —which may indicate that digital literacy does not equally
impact each of the various dimensions of attitude toward science.

This implies that developing students' digital literacy could be a valuable method to improve students' attitudes
toward science in terms of valuing science, viewing teachers positively, and increasing self-confidence. The
strong associations found between digital literacy and overall attitude indicate that digital literacy enhances
student's active participation and engagement in STEM learning by allowing students to utilize digital tools for
evaluating, managing and creating scientific information. The results are consistent with previous theoretical and
empirical literature stating that the development of digital Literacy promotes cognitive and affective learning
outcomes because digitally competent students have improved ability to access, process, and convey scientific
information which increases motivation and confidence in science (van Laar et al., 2020; Siddiq et al., 2021). In
summary, this research shows that developing students' digital literacy will provide a critical component for
improving both engagement and positive attitudes toward STEM education.

Influence of Project-Based Learning and Digital Literacy on Attitudes Toward Science Among Senior
High School STEM Students

The Table 6 presents the significance of the influence of Project-Based Learning and Digital Literacy on attitude
toward science among senior high school STEM students using regression analysis. The table determines
whether the two independent variables significantly predict students’ attitudes toward science and identifies the
extent of their contribution to the overall model. It also provides insights into how learning experiences and
digital competencies collectively shape students’ perceptions, confidence, and engagement in science education.

Table 6 Significance of the Influence of Project-Based Learning and Digital Literacy on Attitude towards
Science among Senior High School STEM Students

Attitude towards Science

(Variables) B B t Sig.
Constant 1.204 8.048 .000
Project-Based Learning 300 317 7.043 .000
Digital Literacy 330 355 7.883 .000
R .606

R2 367
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365
147.393
0 .000

The data in Table 6 demonstrate that both project based learning (PBL) and digital literacy have a highly
significant positive association with STEM students' attitudes toward science. According to the model fit, the
beta coefficients for PBL and digital literacy are B =.317, p <.001 and  =.355, p <.001 respectively, illustrating
that both variables provide an excellent prediction of student attitudes. The full model accounted for
approximately 37 percent of the variance in students' attitude toward science (F = 147.39, R2 = .367, p <.001),
demonstrating that including both PBL and digital literacy in a science program will result in a large
improvement in how students perceive themselves as being prepared to take on future STEM challenges.

The equations from the models were:
Attitude toward Science = 1.204 + .30 (project based learning) + .33 (digital literacy)

Therefore, for each unit increase in PBL, there was a corresponding unit increase of .3 in students' attitudes
toward science. Similarly, for each unit increase in digital literacy, students' attitudes increased by .33 units. It is
evident from this data that while both PBL and digital literacy positively affect students' attitudes toward science
independently, digital literacy had a larger predictive effect. Therefore, combining hands-on and collaborative
forms of teaching with the development of students' digital Literacy may serve as effective ways to promote not
only students' acquisition of scientific knowledge but also a more positive disposition toward science.

The results of this study clearly illustrate that both Project-Based Learning (PBL) and digital literacy
significantly influence STEM students' attitudes toward science. Additionally, since PBL is associated with
positive predictive effects, it can be inferred that when students are provided with opportunities to complete
meaningful projects and work collaboratively with their peers using scientific concepts to solve problems within
the context of the world around them, they are more likely to develop a greater interest and appreciation for
science. These results support recent studies that demonstrate that PBL creates learner-centered classrooms
where students actively create their own knowledge about science and consequently, understand science better
(Muskania et al., 2023 Hindun et al., 2024); therefore, they view science learning more favorably. Furthermore,
the slight additional predictive contribution of digital literacy indicates the increasing importance of students'
ability to utilize technology effectively in modern science education. Research conducted over the past few years
illustrates that having adequate levels of digital literacy enables students to find pertinent information, evaluate
the quality of digital sources, and feel more confident participating in technology-assisted educational settings;
thus, ultimately contributing to improved participation and learning experiences (Getenet et al., 2024).

Collectively, these findings demonstrate that merely exposing students to scientific content is insufficient for
creating a positive attitude toward science; rather, it is essential to create educational environments that include
authentic experiences via PBL, coupled with students' digital competencies to investigate, express, and formulate
scientific knowledge in today's technologically driven culture. In addition to the empirical evidence collected
during this investigation, the results presented above also concur with theoretical frameworks and research
studies that support the notion that technology proficiency and engaging instructional strategies can complement
one another to produce enhanced STEM education outcomes. While PBL fosters engagement, motivation and
experiential understanding, digital literacy provides students with the technical skills required to locate, evaluate,
and disseminate scientific information electronically (Siddiq et al., 2021 Tai et al., 2020).

Ultimately, the results obtained during this investigation illustrate the combined effects of pedagogical and
technological approaches used in educational programs; henceforth indicating that a comprehensive curriculum
incorporating elements of both PBL and digital literacy can effectively enhance STEM students' attitudes and
preparation for the challenges associated with future STEM endeavors.
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CONCLUSION

The study's descriptive findings confirm that, at this time, many senior high school STEM students are exhibiting
high levels of engagement with project based learning (PBL) and exhibit good levels of digital literacy and good
attitudes towards science. This includes a high rating of all aspects of PBL, indicating that students are engaged
in meaningful and collaborative learning. Students' ratings of their digital literacy skills were also generally
good; however, students exhibited exceptionally high ratings regarding their ability to effectively apply
technology and interact with technology to facilitate their learning. Additionally, students demonstrated an
overall high level of attitude towards science, with a high recognition of the importance of science to society.
However, the fact that students reported moderate anxiety regarding science related tasks suggests that some
students continue to feel anxious about engaging with science-related concepts.

In addition to the descriptive findings, the inferential findings of this study clearly demonstrate that both PBL
and digital literacy have statistically significant relationships and predictive influences on students' attitudes
towards science. The correlation data indicate that there is a strong positive relationship between students' PBL
experiences and their attitudes toward science. Likewise, the correlation data indicates that there is a strong
positive relationship between students' digital literacy abilities and their attitudes toward science. As a result,
both of the null hypotheses tested in this study are rejected. Further regression analysis supports the fact that
both PBL and digital literacy have significant predictive relationships with attitude toward science. Digital
literacy had a slightly greater impact than PBL. Together, they account for approximately 37 percent of the total
variance in students' attitudes toward science. The findings from this study support a partial additive effect of
PBL and digital literacy. Both independent variables appear to be contributing to students' attitudes toward
science independently, but do not completely mediate each other's impacts. Path analysis indicated that both
independent variables positively influenced attitude toward science, which indicates that both independent
variables operate along separate paths.

The findings of this study support the theoretical frameworks upon which it was built. Constructivist learning
theory appears to be well represented in the findings. PBL is consistent with constructivist learning theory
because it engages students in activities that promote active participation, experiential learning and student
centeredness which are thought to lead to improved cognitive and affective (motivation/self confidence)
outcomes. The digital Literacy theory developed by Van Aalst et al. (2006) is also evident in the finding that
students' abilities to use technology in a competent manner contributed significantly to their learning experiences
and positive attitudes toward science. Overall, the findings support the idea that incorporating hands-on
experiential learning methods into STEM curricula that incorporate strong digital literacy competencies may
help develop better attitudes toward science in students.
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