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Abstract:  This study investigates the relationship between 21st-century skills and 
students’ learning outcomes on the topic of viruses in Grade X at SMA Negeri 1 Rao, 
Pasaman Barat, Indonesia. Employing a quantitative approach with a correlational 
research design, data were obtained from two instruments: a 21st-century skills 
questionnaire and a summative test on the virus topic. The questionnaire measured four 
core dimensions: critical thinking, creativity, collaboration, and communication. Data 
analysis was conducted using Pearson’s product–moment correlation to assess the 
strength and significance of the relationship between the variables. The results indicated 
a very weak and statistically non-significant correlation between 21st-century skills and 
summative learning outcomes. These findings suggest that while 21st-century skills are 
vital for fostering deep conceptual understanding and the practical application of 
scientific knowledge, they are not adequately captured by assessments focused primarily 
on rote memorization and factual recall. The study highlights the need for integrating 
learning approaches that embed competency-based evaluation, such as project-based 
learning, case studies, and collaborative problem-solving tasks. Such approaches would 
enable a more comprehensive measurement of students’ abilities and better align 
assessment practices with the demands of contemporary education. 
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Introduction  
 

Over the past decades, education has encountered 
increasingly complex challenges due to globalization 
and the rapid advancement of technology. These global 
transformations, shaped by social, economic, and 
cultural changes alongside developments in information 
and communication technology, require that education 
uphold universal scientific values such as adaptability, 
evidence-based reasoning, collaboration, and lifelong 
learning (Pickering, 1997; Tusha et al., 2024; Zhang, 
2007). Learners today must acquire not only academic 
proficiency but also transferable competencies essential 
for success in professional and daily life. For this reason, 
modern education is expected to foster critical thinking, 
collaboration, communication, creativity, and problem-

solving to ensure individuals can adapt and thrive in a 
fast-changing, interconnected society(Barraket, 2004; 
Law et al., 2011; Silaban et al., 2024). 

To meet these educational demands, Indonesia’s 
2013 Curriculum (K13) promotes the development of 
higher-order thinking skills (HOTS) to prepare students 
for complex real-world challenges (Adam et al., 2023; 
Primahesa et al., 2023; Risti & Irawati, 2022; Santosa et 
al., 2023; Zhu et al., 2025).  

Within this framework, biology—particularly the 
topic of viruses in Grade X—offers an effective platform 
for cultivating such skills. Students are expected to gain 
comprehensive knowledge of virology, including virus 
types, structures, transmission modes, and impacts on 
human health, while also practicing analytical reasoning 
and problem-solving in relevant contexts(Grinde, 2013; 
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Kaczorowska & Van Der Hoek, 2020a, 2020b; 
Woolhouse & Brierley, 2017; Yang et al., 2022).  

Nevertheless, despite curricular emphasis on these 
competencies, instructional practices in many schools 
remain dominated by memorization-based teaching and 
assessment methods. Such approaches do not 
adequately reflect the role of 21st-century skills in 
enhancing students’ mastery of complex biological 
concepts like viruses. Considering that viral outbreaks 
are global challenges requiring cross-disciplinary 
collaboration, the abilities to work in teams, 
communicate effectively, and generate creative 
solutions are not only academically relevant but also 
socially indispensable. Yet, it is still unclear to what 
extent these skills are represented in measurable 
learning outcomes (Hirons et al., 2020; Kaczorowska & 
Van Der Hoek, 2020b; Kalinichenko et al., 2022; Kutter et 
al., 2018; Skowron et al., 2022). 

Considering these challenges, recent scholarship 
underscores the importance of integrating academic 
content with competencies that equip students to 
navigate multifaceted and unpredictable global issues  
(Feyza & Seyda, 2023; Kalemkuş, 2021; Saavedra & 
Opfer, 2012). Saavedra & Opfer, 2012). Critical thinking 
enhances students’ comprehension of viral mechanisms, 
while creativity supports the development of innovative 
strategies for prevention and control  (Dilekçi & Karatay, 
2023; González-Pérez & Ramírez-Montoya, 2022; 
Mudinillah et al., 2024; Pellegrino et al., 2013; Qian & 
Clark, 2016). 

The urgency of addressing this matter has been 
reinforced by recent global health crises, which have 
revealed that scientific knowledge alone is insufficient 
without the capacity for critical reasoning, 
interdisciplinary collaboration, and effective 
communication. Within the Indonesian high school 
context, empirical studies examining the correlation 
between 21st-century skills and biology learning 
outcomes are still limited. Consequently, the present 
study investigates the relationship between these 
competencies and Grade X students’ performance on the 
virus topic at SMA Negeri 1 Rao, Pasaman Barat. The 
results are anticipated to provide valuable insights for 
integrating competency-based approaches into science 
education, ensuring alignment with contemporary 
global demands while enhancing the relevance of 
learning experiences. 
 

Method  
 

This quantitative study, conducted in the odd 
semester of the 2024/2025 academic year at SMA Negeri 
1 Rao, Pasaman Barat, employed a correlational research 
design to examine the relationship between students’ 
21st-century skills and their learning outcomes on the 

topic of viruses. The population consisted of all Grade X 
students, who were considered academically 
homogeneous; therefore, one class was selected as the 
sample through random sampling. 

The research utilized the 21st Century Skills 
Questionnaire, which measures four core competencies: 
(1) Critical Thinking, (2) Creativity, (3) Collaboration, 
and (4) Communication (Budiyanto et al., 2024; Novia et 
al., 2024; Tang et al., 2020; Thornhill-Miller et al., 2023). 
The instrument used a three-point Likert scale: (1) 
Inadequate, (2) Acceptable, and (3) Extremely 
Acceptable, allowing respondents to self-assess based on 
their learning experiences (Cázares, 2010; Christensen & 
Knezek, 2017; Jamieson, 2004; Shroff et al., 2019; Wilden 
& Porsch, 2020; Yamamoto & Kinoshita, 2019). 

Learning outcomes were measured using essay and 
multiple-choice tests assessing knowledge of virus 
concepts, transmission, and health impacts. 
The research stages included: 
1. Administering the 21st-century skills questionnaire: 

After the completion of instruction on the virus topic 
in the odd semester of the 2024/2025 academic year, 
students in the selected Grade X class are given the 
validated 21st Century Skills Questionnaire. The 
instrument measures four core competencies—
critical thinking, creativity, collaboration, and 
communication—using a three-point Likert scale (1 = 
Inadequate, 2 = Acceptable, 3 = Extremely 
Acceptable). Students respond based on self-
reflection of their learning experiences during the 
virus topic lessons. 

2. Conducting the learning outcome assessment: 
Immediately after students finish the virus topic, a 
summative assessment is administered, consisting of 
multiple-choice and essay questions. The test 
evaluates mastery of core concepts, mechanisms, 
modes of transmission, and the impact of viruses on 
human health. The assessment is designed to 
measure not only factual recall but also conceptual 
understanding relevant to the topic. 

3. Recording and organizing data from both 
instruments: Responses from the 21st-century skills 
questionnaire and scores from the learning outcome 
assessment are collected, verified for completeness, 
and entered into a statistical software database. Each 
student’s dataset is coded to match questionnaire 
responses with corresponding test scores, ensuring 
readiness for subsequent descriptive and inferential 
statistical analysis, including Pearson correlation 
tests. 

Data analysis employed descriptive statistics to 
present score distributions and Pearson’s product–
moment correlation to examine the relationship between 
skills and outcomes (Antonov et al., 2024; Asri et al., 
2024; Hafeez, 2021; Pana & Escarlos, 2017).  
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Result and Discussion 
 

The processed research data can be seen in Table 1. 
 
Table 1. Data on the relationship between learning 
outcomes and students' 21st century learning skills 
Correlations Summative 

Outcomes  
21st Century 

Learning 
Students 

Learning out 
comes 

Pearson 
Correlation 

1 -.051 

Sig. (2-tailed)  .762 
N 37 37 

Pembelajaran 
Abad 21 

Pearson 
Correlation 

-.051 1 

Sig. (2-tailed) .762  
N 37 37 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
The Pearson Correlation (Pearson Correlation) 

between Summative Learning Outcomes and 21st 
Century Learning is -0.051, indicating a weak 
relationship between the two variables, according to the 
correlation test results in Table 1. This suggests that the 
observed 21st-century learning and the summative exam 
outcomes of pupils have a very weak and negligible link. 
The connection is not statistically significant, as 
indicated by the significance of the correlation (Sig. 2-
tailed) of 0.762, which is significantly higher than 0.05.  
Put another way; there may not be enough significant 
correlation between summative outcomes and 21st-
century learning to support sound judgments or 
conclusions. The study is based on data from 37 
students, as shown by the number of samples (N) 37.  

The results of the correlation test indicate that with 
a negative correlation of -0.051, there is a very weak and 
negligible correlation, suggesting that the association is 
tiny and unimportant. The high significance (0.762) 
suggests that there is no statistically significant 
correlation between summative test outcomes and 21st-
century learning. The relationship between 21st century 
learning skills possessed by students and learning 
outcomes can be seen in Table 2. 
 
Table 2. The relationship between 21st-century learning 
skills of critical thinking and student learning outcomes 
Correlations Summative 

Outcomes 
Critikal 

thingking 

Learning 
out comes 

Pearson 
Correlation 

1 -.319 

Sig. (2-tailed)  .054 
N 37 37 

Critikal 
thingking 

Pearson 
Correlation 

-.319 1 

Sig. (2-tailed) .054  
N 37 37 

*. Correlation is significant at the 0.05 level (2-tailed). 

A Pearson correlation study between the variables 
“Learning outcomes” (Summative Outcomes) and 
“Critical Thinking” is displayed in the table. The two 
variables have a weak negative association, as indicated 
by the Pearson correlation coefficient of -0.319. The 
association is not statistically significant at the 5% level, 
according to the significance (two-tailed) value of 0.054, 
slightly over the generally accepted significance level of 
0.05. There are 37 data points for both variables (N = 37).  
 
Table 3. The relationship between 21st-century learning 
skills of creativity and student learning outcomes 
Correlations Summative 

Outcomes 
Creativity 

Learning 
out comes 

Pearson 
Correlation 

1 -.374* 

Sig. (2-tailed)  .023 
N 37 37 

Creativity Pearson 
Correlation 

-.374* 1 

Sig. (2-tailed) .023  
N 37 37 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
The table displays the results of a Pearson 

correlation study between the variables “Learning 
Outcomes” and “Creativity.” These two variables have 
a somewhat negative association, as indicated by the 
Pearson correlation coefficient of -0.374. The association 
appears statistically significant at the 5% level, as 
indicated by the significance (two-tailed) value of 0.023, 
less than the generally accepted significance level of 0.05. 
There are 37 data points for both variables (N = 37). 
 
Table 4. The relationship between 21st-century learning 
skills of collaboration and student learning outcomes 

Correlations Summative 
Outcomes 

Collaboration 

Learning out 
comes 

Pearson 
Correlation 

1 -.089 

Sig. (2-tailed)  .599 
N 37 37 

Collaboration Pearson 
Correlation 

-.089 1 

Sig. (2-tailed) .599  
N 37 37 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
The table shows a Pearson correlation analysis 

between “Learning Outcomes” and “Collaboration.” 
The Pearson correlation coefficient is -0.089, indicating a 
weak negative correlation between the two variables. 
The significance (two-tailed) value is 0.599, much higher 
than the commonly used significance level of 0.05, 
suggesting that the correlation is not statistically 
significant. Both variables have 37 data points (N = 37). 
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Table 5. The relationship between 21st-century learning 
skills of communication and student learning outcomes 
Correlations 

 Summative 
Outcomes 

Communi-
cation 

Learning out 
comes 

Pearson 
Correlation 

1 -.412* 

Sig. (2-tailed)  .011 
N 37 37 

Communication Pearson 
Correlation 

-.412* 1 

Sig. (2-tailed) .011  
N 37 37 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
A Pearson correlation analysis between 

“Communication” and “Learning Outcomes” is shown 
in the table. The two variables have a somewhat negative 
association, as indicated by the Pearson correlation 
coefficient of -0.412. The association appears statistically 
significant at the 5% level, as indicated by the 
significance (two-tailed) value of 0.011, which is less 
than the generally accepted significance level of 0.05. 
There are 37 data points for both variables (N = 37). 

Thus, no discernible or meaningful relationship 
exists between students’ summative exam scores and 
21st-century learning, encompassing abilities like 
communication, creativity, teamwork, and critical 
thinking.This demonstrates how outdated exam-based 
assessment techniques do not accurately represent 
students’ abilities in the modern world(Matei & Coman, 
2023; Meylani, 2024; Muhammad et al., 2024). Teachers' 
teaching strategies still emphasize lectures and Q&A 
sessions despite using scientific learning models in their 
research. While group learning exercises are also 
conducted, not every student participates. The lack of a 
substantial association between contemporary learning 
and learning outcomes in the scientific learning model 
can be attributed to several interconnected issues(Aliah 
et al., 2023; Bagban et al., 2017). Despite emphasizing 
critical, creative, collaborative, and communication 
skills and the efficient use of technology, 21st-century 
learning has not been effectively applied in the field. 

Teachers’ ignorance of the notion or inability to 
apply it to everyday instruction could be one of the 
causes. The scientific learning approach, which strongly 
emphasizes observation, experimentation, and deriving 
conclusions, may not be successful in altering student 
learning results if improperly used(Antonio, 2022; 
Berliana et al., 2023; Putri, 2022a). More than simply 
technology proficiency is needed for 21st-century 
learning; students must also be able to solve problems, 
think critically, and cooperate in groups(Khotima et al., 
2022; Walipah et al., 2024). Students should be 
encouraged to understand the effects of viruses on 
society, the economy, and health, for instance, when the 

subject matter is about viruses. However, their results 
may be limited if teachers rely on scientific learning 
models that emphasize laboratory methods and 
experiments without connecting them to real-world 
circumstances. 

The absence of technology utilization in 
educational contexts may impede the connection 
between 21st-century learning and intended learning 
outcomes. Incorporating technology into education is 
essential in the contemporary era(Bulman & Fairlie, 
2015; Darío & Medina, 2024; Escueta et al., 2020; Lai & 
Bower, 2019; Trust, 2018). Students may utilize statistical 
software to analyze data regarding virus transmission or 
develop a digital presentation elucidating the virus’s 
mechanisms and societal responses to it(Bozkurt, 2020; 
Ghavifekr & Yue, 2022; Joshi, 2023; Mandal et al., 2022; 
Sani et al., 2024). Failure to implement this may result in 
students merely memorizing fundamental concepts 
without the ability to apply them in practical contexts. 

Educators should consider the method of material 
delivery. A structured scientific process is typically 
attained via a systematic approach within the scientific 
learning model(Penelitian et al., 2023; Putri, 2022b; 
Saputra & Sari, 2022). Students are expected to not only 
follow established processes but also adapt to 
contemporary changes. The learning model must be 
adaptable and capable of accommodating diverse 
approaches that engage students in a range of theoretical 
and practical contexts(Khairudin & Tanjung, 2024). A 
static approach will hinder the scientific learning 
model’s ability to connect modern learning with 
learning outcomes. 

Contemporary education prioritizes students’ 
capacity to analyze, evaluate, and critically think about 
lessons. Students possessing strong critical thinking 
skills will be more adept at identifying virus 
transmission, the influencing factors, and potential 
solutions to mitigate its spread(Anggraeni et al., 2023; 
Makhzoum & Jabbour, 2020; Sarwanto et al., 2021; 
Sholikhah et al., 2024). Consequently, these 21st-century 
skills enhance conceptual understanding and facilitate 
broader material application.  Traditional summative 
assessments, including written exams emphasizing 
memorization and foundational knowledge, may 
inadequately represent students’ competencies in 
contemporary contexts (Agustine et al., 2020; Ali-Abadi 
et al., 2020; Amanda* et al., 2023; Plummer et al., 2022; 
Sarwanto et al., 2021). 

Students possessing contemporary skills may 
exhibit enhanced critical and creative problem-solving 
abilities. However, their capacity to retain concepts and 
facts assessed could influence their test 
performance(Kinasih & Ratnawati, 2024; Susanti et al., 
2021; Susanti & Fitriani, 2018; Vogler et al., 2018; 
Widiana et al., 2017). The capacity of students to 
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collaborate and communicate influences their 
discussions regarding virus material and group work 
dynamics. Project-based learning and group 
discussions, integral components of contemporary 
education, facilitate collaborative idea exchange and 
joint exploration of subjects among students(Lee et al., 
2015; Ninad et al., 2023; Sappaile et al., 2025). This 
improves their comprehension of viral content. 
Consequently, learning outcomes from traditional 
educational approaches may inadequately represent 
students’ creativity and critical thinking skills. 
Integrative and skills-based contemporary learning 
methods enhance students’ comprehension and 
application of the material (Johnsen et al., 2023; Lee et al., 
2015; Ninad et al., 2023; Wahbeh et al., 2021). 

Learning in the 21st century prioritizes process-
oriented assessment over mere outcomes. In virus 
education, assessments should evaluate students’ 
memorization of viral information and problem-solving 
abilities related to halting, spreading, and preventing 
viruses. Student learning outcomes will not accurately 
represent the mastery of essential skills in contemporary 
education if evaluations are limited to written 
assignments or tests that exclude modern competencies. 
This will occur regardless of the application of the 
scientific learning model. 
 

Conclusion  
 

The correlation test results between student learning 
outcomes and modern learning regarding viruses for 
grade X high school indicate that modern skills such as 
creativity, collaboration, critical thinking, and 
communication are essential in the learning process. 
Still, their relationship with summative learning 
outcomes is not significant. The correlation test results 
suggest that these factors do not directly influence the 
outcomes of structured, fact-based examinations. 
However, critical thinking and collaboration skills 
enable students to engage in creative thought, idea 
sharing, and deeper problem analysis and resolution. 
This indicates that while 21st-century skills are crucial in 
educational contexts like viruses, summative exam 
results emphasizing specific knowledge may not 
adequately represent the application of these skills. To 
enhance students’ understanding comprehensively, an 
integrated learning approach is essential. This method 
combines the cultivation of contemporary skills with 
project-oriented or discussion-oriented assessments. 
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