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HIGHLIGHTS

 A standardized assessment tool for college students in the 21st century was finalised, consisting of 54 items.
 Confirmatory factor analysis indicated a seven-factor structure to assess 21st century skills.
 The tool was aimed to assess 21st century skills in college students precisely.

ABSTRACT

This study endeavours to develop and validate a multidimensional tool for the assessment
of 21st century skills among college-going students during 2024-25 at Banaras Hindu
University (BHU), Varanasi. Initially, 120 items were identified through a comprehensive
literature review. Experts from the teaching and research domains reviewed these items,
and their feedback was incorporated to refine the tool, resulting in 56 items. The refined
tool was administered to 350 respondents. The construct validity was established through
exploratory factor analysis (EFA) and subsequently confirmed through confirmatory
factor analysis (CFA) to ascertain the adequacy of the model fit. EFA revealed that the
seven-factor structure accounted for a substantial proportion of the total variance. The
CFA of the 54-item 21st-century skills assessment tool identified seven factors with
good internal consistency. CFA indicated that items were loaded on the relevant factors
and evidenced satisfactory model fit indices. The reliability of the tool was established
by the Cronbach’s alpha coefficient, which yielded a value of 0.81. Thus, the tool was
indicated to be relevant for college students and served as a valuable metric to assess
college students’ 21st century skills.

INTRODUCTION

The 21st century has such dynamic demands that require a
sound combination of skills to enable students excel in their
academic, career and personal life. The importance of leadership
skills, communicative skills, decision-making, and the role of
financial literacy cannot be underestimated because they make it
possible to cope with the complexities. With the ethos of the 21st

century education, students need the four key competencies of
critical thinking, creativity, communication, and collaboration
(Erdogan, 2019), and they are essential to success. These skills
include other advanced skills and learning methods vital in surviving

in the information age (Karadas et al., 2021). Graduates should have
skills of the 21st century to handle complex information and keep
up with the changing professional requirements (van Laar et al.,
2017, Tight, 2022; Kaya et al., 2023). Based on this, educators
should integrate such skills in their instruction methods. It is worth
noting that critical thinking is existentially required in order to
promote high-order intellectual pursuits, enhance cognition, and
enable students to audit their own position and solve problems in
a competent manner (Tuzlukova et al., 2018). A standardised tool
should be created to measure the acquisition of these foundational
skills by students in order to execute this. The measurement of
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21st century competencies can provide insight into the development
of the skills in students and, hence, inform the course design as
well as the ability to incorporate these skills in the curriculum
(Koretz, 2017). However, these competencies are difficult to
measure, especially in the case of monitoring the student progress
throughout the duration (Holec & Marynowski, 2020). The need
to have accurate and reliable assessment tools has been generated
owing to the insistence on inculcating skills in the curricula. In order
to translate abstract ideas into measurable skills, creativity, critical
thinking, and cooperation need to be assessed in reference to certain
conceptual frameworks. Factor analysis has become one of the
common tools used in educational research to ensure validity and
reliability (Kumar et al., 2015; Kline, 2023). To measure the 21st

century skills, recent studies have proposed a diverse array of
instruments indicating that the different scales might be needed in
different disciplines and cohorts of students (Cevik, 2019; Huang,
2023). Even despite the spread of theoretical frameworks that claim
to describe these competencies, it has proven difficult to agree on
the specific list of skills that they entail (van Laar et al., 2017;
Tight, 2021; Saleem et al., 2024). Partnership for 21st century skills
provides an extensive framework in which the essential skills are
listed that cannot be ignored in order to be successful in the modern
age. The competencies in this framework will be divided into three
main areas, namely; learning and innovation skills, information,
media, and technology skills, and life and career skills (Kennedy &
Sundberg, 2020). The research study aimed at developing and
validating a tool to assess 21st century skills for college students,
relying on the Partnership for 21st century skills framework.

METHODOLOGY

The development of the standardized tool in this study
adhered to the widely accepted Likert summated rating scale
methodology. The tool was constructed meticulously and stepwise,
as recommended in the procedures by Likert (1932). A set of 120
statements was initially collected and narrowed down using the 14-
point criteria described by Edward (1959). Experts were consulted
to assess the relevance of every item that was retained (Junger et
al., 2017; Shitu et al., 2018; Gupta et al., 2022; Kademani et al.,
2025). The relevance assessment was conducted by 35 experts in
the fields of education, psychology, and extension education. The
suitability of each item was measured with the help of two
indicators, Mean Relevance Score (MRS) and Relevancy Percentage
(RP). The selection followed the criteria that an item has a mean
relevancy score higher than the overall mean score (> 2.00) and a
relevancy percentage greater than 80%.

                                                      (MRR 3) + (RR 2) + (LRR × 1)
Mean Relevancy Score (MRS) =
                                                                 Number of judges

(MRR= most relevant response, RR= relevant response, LRR= least
relevant response)

                                                                FS
Relevancy Percentage (RP) =                                              × 100
                                                 Number of respondents

(FSS= frequency of MRR and RR score)

The Exploratory Factor Analysis (EFA) was used to determine
construct validity of the instrument (Watkins, 2018). The analyses
were conducted on responses from 350 undergraduate students
across multiple academic streams at Banaras Hindu University,
selected through purposive sampling. The degree of sampling
adequacy was measured using the Kaiser-Meyer-Olkin (KMO)
measure and the test of sphericity of Bartlett. The EFA was used
to explain the underlying factor construct of the tool (Winters,
2016). Items with weak loadings or cross-loadings were eliminated.
The criteria required primary loadings of 0.40 and below, cross-
loadings of 0.30 (Howard, 2016). Confirmatory Factor Analysis
(CFA) was conducted to validate the factor structure using R
(version 4.5.0). Model fit was assessed using multiple indices,
Comparative Fit Index (CFI) and Tucker–Lewis Index (TLI) with
thresholds >0.90, Root Mean Square Error of Approximation
(RMSEA) with 90% confidence interval, and Standardised Root
Mean Square Residual (SRMR<0.08). Convergent validity was
examined using Average Variance Extracted and composite reliability
(CR >0.70). Discriminant validity was evaluated via the Fornell-
Larcker criterion, comparing the square root of each construct’s AVE
with inter-construct correlations. Cronbach’s alpha was computed
for each dimension. An internal consistency value exceeding 0.8 was
deemed satisfactory.

RESULTS

Established approaches, such as relevancy testing, item
analysis, reliability assessment, and validity checking, were followed
in the development of 21st century skills assessment tool intended
for assessing college students’ 21st century skills.

Relevancy and item analysis

The mean relevancy score and relevancy percentage were
calculated by analyzing the responses from 35 subject experts as
presented in Table 1. As part of the item analysis, final statements
(comprising 40 positive and 14 negative statements) that confirmed
the predefined criteria, mean relevancy scores exceeding 2.0, and a
relevancy percentage greater than 80% were retained. Additionally,
to enhance the precision and coherence of the tool, redundant and
duplicate statements were systematically reviewed and refined
based on expert recommendations.

Exploratory factor analysis

EFA was conducted on data from 350 respondents using the
full item pool of 56 items. The initial step involved assessing data
suitability with the Kaiser-Meyer-Olkin (KMO) (Ledesma et al.,
2021). The KMO test evaluates sampling adequacy for each
variable, where a higher KMO value (>0.6) indicates greater variance
among variables, confirming data appropriateness for factor
analysis. The Bartlett’s test of sphericity was significant (²=
4958.56, df = 1953, p .000), implying that the intercorrelation
matrix contained adequate common variance. The correlation matrix,
anti-image correlation matrix and measures of sampling adequacy
were analysed to ensure that the application of the factor analysis
to the data set was appropriate. A total number of two items
indicated a consistently low correlation and were excluded from
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Table 1. Mean relevancy score and relevancy percentage of selected items

S.No. Items MRS RP

Communication
1. I always pronounce words confidently. 2.37 85.71
2. I find it challenging to easily connect with others. 2.43 88.57
3. I can use nonverbal gestures to convey my messages effectively. 2.43 94.29
4. I am hesitant to express my opinions in a group. 2.49 88.57
5. I am able to observe people’s body language. 2.17 77.14
6. I am able to understand other viewpoints. 2.29 91.43
7. I usually pay attention when others are speaking. 2.11 82.86
8. My words are often misunderstood by people. 2.20 88.57
9. I regularly share and receive constructive feedback. 2.46 97.14
10. I often hesitate to ask for clarification when I don’t understand something in conversation. 2.31 94.29

Creative Thinking
11. I prioritise continuously learning and expanding my knowledge and skills. 2.46 97.14
12. I try new things and step out of my comfort zone to learn and grow. 2.31 94.29
13. I find it hard to challenge my existing beliefs and assumptions 2.63 98.15
14. I seek opportunities to unlearn outdated assumptions and relearn new knowledge to stay relevant and up to date. 2.31 85.71
15. I am able to seek out different perspectives and consider alternative viewpoints. 2.54 97.00
16. I am able to explore creative solutions and think outside the box. 2.31 88.57
17. I can identify multiple ways to solve a problem. 2.40 91.43
18. I find it hard to think of creative and useful solutions for problems. 2.46 91.43

Critical thinking
19. I can accept criticism gracefully and use it to improve my skills and knowledge. 2.34 94.29
20. I find it difficult to generate innovative ideas and approaches to challenges. 2.54 94.29
21. I have the ability to identify and avoid logical fallacies in arguments or discussions. 2.17 90.91
22. I enjoy solving difficult problems and finding solutions. 2.40 97.14
23. When I encounter a problem, I am unable to think about anything else. 2.31 88.57
24. I visit websites with a clear purpose and within preset time limits 2.23 91.43
25. I reflect on situations and learn from them. 2.66 97.14

Digital Literacy
26. I am confident in using various digital devices, such as computers, smartphones, and tablets. 2.63 98.01
27. I can manage and organize digital files and documents in a systematic manner. 2.31 85.71
28. I generally solve common digital issues. 2.34 94.29
29. I create and share content online using digital tools, including editing images, recording sounds, and producing videos. 2.54 94.29
30. I often make use of software like Photoshop, SPSS, or Microsoft Word. 2.17 90.91
31. I am familiar with controlling apps’ access to my personal information. 2.09 85.71

Financial Literacy
32. I can manage my personal finances effectively. 2.31 88.57
33. I am capable of making decisions about borrowing money and managing debt. 2.31 88.57
34. I can interpret financial statements, such as income statements and balance sheets. 2.40 91.43
35. I regularly check my bank statements and transactions. 2.46 91.43
36. I find it hard to create and follow a realistic and effective budget. 2.23 91.43
37. I am unable to distinguish between needs and wants in financial decision-making. 2.11 82.86
38. I always look for financial education and resources to improve my financial literacy. 2.20 88.57

Information & Media Literacy
39. I use social media platforms responsibly and ethically. 2.57 97.14
40. I am able to quickly get rid of outdated or incorrect information and adopt new and accurate knowledge. 2.57 97.14
41. I find it difficult to determine how useful the information is for my purpose. 2.31 88.57
42. I often search for information online using search engines and databases. 2.40 91.43
43. I prioritize gathering information to make better decisions. 2.46 91.43
44. I am able to identify and discard irrelevant or outdated information. 2.23 91.43

Leadership
45. I can positively influence a group of individuals. 2.43 88.57
46. I do consider the individual opinions of group members. 2.37 88.57
47. I generally express appreciation for the achievements of others. 2.54 94.29
48. In my studies, I enjoy helping others with their questions and concerns. 2.46 94.29
49. I can manage conflicts and disagreements within the team fairly and constructively. 2.43 94.29
50. I find it hard to build relationships with others to reach a mutual goal. 2.49 94.29
51. I can reflect on situations and learn from them. 2.66 97.14
52. I am not able to make decisions quickly under pressure. 2.31 80.00
53. I cannot convince others of my opinions. 2.23 88.57
54. I can collaborate with others to share and manage information collectively. 2.54 97.00
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Table 2. Factor loadings for the EFA with varimax pattern matrix

S.No. Matrix Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Communality

Communication
1. COMM 1 .815 .669
2. COMM 2 .795 .662
3. COMM 3 .857 .691
4. COMM 4 .828 .657
5. COMM 5 .833 .661
6. COMM 6 .811 .694
7. COMM 7 .809 .703
8. COMM 8 .798 .659
9. COMM 9 .847 .646
10. COMM 10 .779 .675

Creativity
11. CreatT 1 .811 .672
12. CreatT 2 .814 .677
13. CreatT 3 .825 .680
14. CreatT 4 .841 .721
15. CreatT 5 .833 .695
16. CreatT 6 .806 .669
17. CreatT 7 .805 .667
18. CreatT 8 .814 .653

Critical Thinking
19. CritT 1 .833 .698
20. CritT 2 .810 .675
21. CritT 3 .830 .685
22. CritT 4 .842 .711
23. CritT 5 .833 .690
24. CritT 6 .834 .682
25. CritT 7 .779 .222

Digital Literacy
26. DL 1 .797 .631
27. DL 2 .812 .635
28. DL 3 .817 .654
29. DL 4 .834 .665
30. DL 5 .830 .667
31. DL 6 .774 .692

Financial Literacy
32. FL 1 .811 .665
33. FL 2 .808 .657
34. FL 3 .841 .702
35. FL 4 .829 .703
36. FL 5 .849 .713
37. FL 6 .822 .670
38. FL 7 .803 .642

Information and Media Literacy
39. IML 1 .817 .655
40. IML 2 .814 .673
41. IML 3 .825 .679
42. IML 4 .808 .637
43. IML 5 .809 .655
44. IML 6 .815 .647

Leadership
45. LEAD 1 .815 .695
46. LEAD 2 .795 .670
47. LEAD 3 .857 .752
48. LEAD 4 .828 .704
49. LEAD 5 .833 .702
50. LEAD 6 .811 .683
51. LEAD 7 .809 .660
52. LEAD 8 .798 .663
53. LEAD 9 .847 .738
54. LEAD 10 .779 .672
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further analysis. Factors were extracted with Principal Component
Analysis (PCA) and 54 items converged into seven factors with
>65% of total variance. Parallel analysis was used to determine
number of factors to retain compared to use of eigenvalues and scree
plots. Table 2 outlines the findings, indicating a seven-factor
structural solution consisting of 54 items as follows: communication
(10 items, loadings 0.63-0.8); creativity (7 items, loadings 0.63-0.8);
critical thinking; (6 items, loadings 0.63-0.8); digital literacy (6 items,
loadings 0.63-0.8); financial literacy; (7 items, loadings 0.63-0.8);
information and media literacy (6 items, loadings 0.63-0.8);
leadership (10 items, loadings 0.63-0.8).

Confirmatory factor analysis

CFA confirmed the factor structure using a dataset of 350
respondents. 21st century skills assessment questionnaire
demonstrated a good overall fit. The results demonstrated that the
hypothesized model provided a satisfactory representation of the
data as illustrated in Figure 1. The chi-square statistic was
statistically significant (² = 1507.37, p = .002). The Comparative
Fit Index (CFI) and Tucker–Lewis Index (TLI) were well above
the recommended threshold of .95, indicating satisfactory model
fit. Similarly, the Root Mean Square Error of Approximation

Figure 1. Confirmatory factor
analysis path diagram for 21st

century skills assessment tool
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(RMSEA = .017; 90% CI (.011, .022) was within the range
indicative of close fit (< .05), and the Standardized Root Mean
Square Residual (SRMR = .036) was below the cut-off value of
.08, confirming the adequacy of the model. These indices surpass
conventional benchmarks (CFI/TLI>0.90; RMSEA<0.08;
SRMR<0.08), indicating that the proposed seven-factor structure
closely reproduces the observed covariance matrix and is suitable
to retain for subsequent reliability and validity analyses.

Realiability analysis

The internal consistency of the instrument was evaluated using
Cronbach’s Alpha. As Cronbach’s alpha serves as a measure of
reliability, reflecting how well the particulars inclusively assess the
same underpinning dimension (Revelle & Condon, 2019). The
reliability analysis was conducted for both the entire tool and its 7
dimensions separately. The Cronbach’s Alpha values for each
dimension ranged from 0.80 to 0.82, indicating acceptable to good
internal consistency. The overall reliability for the complete scale
was 0.81, confirming the robustness of the instrument for assessing
the targeted constructs.

DISCUSSION

In the modern context, cognitive and emotional abilities to a
great extent are associated with the ability to make evidence-based
decisions and adequately adjust to the complex and dynamic
environment (Adeoye et al., 2024). These seven factors,
communication, critical thinking, creativity, digital literacy, financial
literacy, information and media literacy and leadership, all act as a
tool of assessment that gives a chance to understand how well
learners can adapt, think creatively and make a difference in a
variety of environments. Communication is the core of the knowledge
sharing, relationship building, and effective collaboration. It includes
the ability to deliver clear ideas, to be an active listener, and to
tune the messages to a variety of people (Pepe et al., 2025). As a
student, communication allows to collaborate, engage in academic
dialogues, and argue over relevant causes and critical thinking refers
to the capacity to use logic, evidence and reasoning to make
decisions and resolve issues. It is an art of questioning assumptions,
taking into account several positions, and making sensible
conclusions (Yagci, 2019). Critical thinking equips students with
clear mindedness in order to deal with work-related issues
professionally. Creativity is the ability to be innovative, and find
new solutions to problems. Development and implementation of
novel approaches indicate an overlap of the creativity and critical
thinking (Korkmaz et al., 2017). Digital literacy is defined as the
competent and responsible utilization of digital tools, devices and
technology. It is about the technical expertise to include ethical
internet use and data safety (Falloon, 2020). The digital literacy of
navigation, evaluation, and utilization of digital resources is essential
becoming not only to educational success but also to lifelong learning
(Saxena, et al., 2018; Chandra, et al., 2024). With potent digital
skills, young people are better able to maintain balanced screen use
and navigate digital spaces responsibly (Gupta & Vatta, 2025).
Financial literacy is the ability of people to obtain, analyze, and
interpret financial data and make wise economic choices as well as
manage resources effectively (Goyal & Kumar, 2021). Information

and media literacy have changed their definitions with the changing
media technologies. Media literacy, in its simplest sense, relates to
media message access, analysis, critique, and production
(Yamaguchi et al., 2023). This opinion is supported by the
conceptual model developed by Potter (2022), which pays attention
to the interconnection with information literacy and emphasizes
the manner in which people process and create information in the
digital and media space. Its dimensions are information seeking,
source evaluation, and ethical media use. This ability is crucial to
the academic education of students, their digital citizenship, and
decision-making. Media literacy protects against misinformation and
makes people responsible citizens in a world full of information
(Jones-Jang et al., 2021; Chen et al., 2025). The process of
leadership can be characterized as the capacity to see the path ahead,
make rational choices, and leveraging interpersonal power to
influence and motivate other people to achieve common goals
(Northouse, 2021). Its dimension includes mindfulness, strategic
vision, and resilience (Durnali, 2022). Within the student milieu,
leadership provides an opportunity to do business together,
motivate others, and attain group outcomes (Stewart, 2017; Smith
et al., 2022).

CONCLUSION

In the contemporary, rapidly evolving educational and
professional environment, the acquisition of potent 21st century
competencies needs to be an essential element. Furthermore,
learners’ attitudes and desire to participate in pertinent educational
initiatives are increasingly essential for producing significant
outcomes. The assessment tool may result in very specific
foundational assessments that serve as the basis for data-driven
decisions pertaining to skills enhancement programs and policy
formulation. The tool offers explicit insights into strengths and areas
for enhancement, thereby enhancing the evidential basis for
decision-making and establishing a strategic framework for the
curriculum and regulations that can facilitate students’ continued
success and intellectual growth.

DECLARATION

Ethical approval and consent to participate: Informed consent was
sought from the respondents.

Availability of supporting data: Supporting data are available upon
request.

Competing interests: No competing interests were declared.

Conflict of interest: No conflicts of interest among the authors.

The authors declare that during the preparation of this work,
thoroughly reviewed, revised, and edited the content as needed. The
authors take full responsibility for the final content of this
publication.

Publisher’s note: All claims expressed in this article are solely those
of the authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors, and
the reviewers. Any product/ process or technology that may be
evaluated in this article, or a claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.



ASSESSING 21st CENTURY SKILLS: DEVELOPMENT AND VALIDATION OF A MULTIDIMENSIONAL 147

REFERENCES

Adeoye, M. A., Prastikawati, E. F., & Abimbowo, Y. O. (2024).
Empowering learning: Pedagogical strategies for advancing and
quality education. Journal of Nonformal Education, 10(1),10-
21. https://doi.org/10.15294/jone.v10i1.1451

Cevik, M. (2019). Multidimensional scale: validity and reliability study.
Cypriot Journal of Educational Sciences, 14(1), 11-28. https://
doi.org/10.18844/cjes.v14i1.3506

Chandra, S., Ghadei, K., Chennamadhava, M., & Ali, W. (2024).
Development and validation of a farmer’s focused digital literacy
scale. Indian Journal of Extension Education, 60(1), 111-115.
https://doi.org/10.48165/IJEE.2024.601RT1

Chen, S., Salleh, S. M., & Salleh, M. A. M. (2025). Media and
information literacy among pre-service teachers: A systematic
review of key trends and gaps (2013–2024). International

Journal of Information Management Data Insights, 5(2), 100348.
https://doi.org/10.1016/j.jjimei.2025.100348

Durnali, M. (2022). “Destroying barriers to critical thinking” to surge
the effect of self-leadership skills on electronic learning styles.

Thinking Skills and Creativity, 46, 101130. https://doi.org/
10.1016/j.tsc.2022.101130

Edward, J. N. (1969). Familial behavior as social exchange. Journal

of Marriage and the Family, 518-526. https://doi.org/10.2307/

349775
Erdogan, V. (2019). Integrating 4C skills of 21st century into 4 language

skills in EFL classes. International Journal of Education and

Research, 7(11), 113-124.

Falloon, G. (2020). From digital literacy to digital competence: The
teacher digital competency (TDC) framework. Educational

technology research and development, 68(5), 2449-2472. https:/
/doi.org/10.1007/s11423-020-09767-4

Goyal, K., & Kumar, S. (2021). Financial literacy: A systematic review
and bibliometric analysis. International Journal of Consumer

Studies, 45(1), 80-105. https://doi.org/10.1111/ijcs.70031
Gupta, R., & Vatta, L. (2025). Disruptions in lifestyle due to escalating

screen time: A behavioural perspective. Indian Journal of

Extension Education, 61(4), 14-18. https://doi.org/10.48165/

IJEE.2025.61403
Gupta, S. K., Nain, M. S., Singh, R., & Mishra, J. R. (2022).

Development of scale to measure agripreneurs attitude towards
entrepreneurial climate, Indian Journal of Extension Education,

58(2), 153-157. http://doi.org/10.48165/IJEE.2022.58237
Holec, V., & Marynowski, R. (2020). Does it matter where you teach?

Insights from a quasi-experimental study of student engagement
in an active learning classroom. Teaching and Learning Inquiry,

8, 140-164. https://doi.org/10.20343/teachlearninqu.8.2.10
Howard, M. C. (2016). A review of exploratory factor analysis

decisions and overview of current practices: What we are doing
and how can we improve? International Journal of Human-

computer Interaction, 32(1), 51-62. https://doi.org/10.1080/
10447318.2015.1087664

Huang, P. H., O’Sullivan, A. J., & Shulruf, B. (2023). Development
and validation of the student ratings in clinical teaching scale in
Australia: a methodological study. Journal of Educational

Evaluation for Health Professions, 20. https://doi.org/10.3352/

jeehp.2023.20.26
Jones-Jang, S. M., Mortensen, T., & Liu, J. (2021). Does media

literacy help identification of fake news? Information literacy
helps, but other literacies don’t. American Behavioral Scientist,
65(2), 371-388. https://doi.org/10.1177/0002764219869406

Jünger, S., Payne, S. A., Brine, J., Radbruch, L., & Brearley, S. G.
(2017). Guidance on conducting and reporting Delphi studies

(CREDES) in palliative care: Recommendations based on a
methodological systematic review. Palliative Medicine, 31(8),
684-706. https://doi.org/10.1177/0269216317690685

Kademani, S., Nain, M. S., Singh, R., Roy, S. K., Prabhakar, I., Ranjan,
A., Karjigi, D. K., Patil, M., Das, D., & Wasaful, Q. S. K. (2025).
Quantifying support for agripreneurs: a multidimensional scale

development and analysis of institutional mechanisms, Journal

of Global Entrepreneurship Research, 15, 12. https://doi.org/
10.1007/s40497-025-00429-4

Karadas, A., Kaynak, S., Ergün, S., & Karaca, P. P. (2021). An
examination of 21st century skills of nursing and midwifery
students based on various variables. Ordu University Journal of

Nursing Studies, 4(2), 232–239. https://doi.org/10.38108/
ouhcd.906190

Kaya, E., Karatana, Ö., & Yýldýrým, T. Ö. (2023). The relationship

between the online learning process, 21st century skills and work

readiness in senior nursing students. Nurse Education in Practice,

73, 103801. https://doi.org/10.1016/j.nepr.2023.103801

Kennedy, T. J., & Sundberg, C. W. (2020). 21st century skills. In: Akpan,

B., & Kennedy, T. J.  (Eds.), Science education in theory and

practice: An introductory guide to learning theory.  Springer. 479-

496. https://doi.org/10.1007/978-3-030-43620-9_32

 Kline, R. B. (2023). Principles and practice of structural equation

modeling (5th ed.). Guilford publications.

Koretz, D. (2017). The testing charade: Pretending to make schools

better. University of Chicago Press. https://doi.org/10.2139/

ssrn.3331704

Korkmaz, Ö., Cakir, R., & Özden, M. Y. (2017). A validity and

reliability study of the computational thinking scales

(CTS). Computers in Human Behavior, 72, 558-569. https://

doi.org/10.1016/j.chb.2017.01.005

Kumar, R., Slathia, P. S., Peshin, R., & Nain, M. S. (2015).

Development of scale to measure attitude of farmers towards

rapeseed mustard crop. Journal of Community Mobilization and

Sustainable Development, 10(2), 221-224.

Ledesma, R. D., Ferrando, P. J., Trógolo, M. A., Poó, F. M., Tosi, J.

D., & Castro, C. (2021). Exploratory factor analysis in

transportation research: Current practices and recommendations.
Transportation Research Part F: Traffic Psychology and

Behaviour, 78, 340-352. https://doi.org/10.1016/j.trf.2021.02.

021
Likert, R. (1932). A technique for the measurement of attitude.

Archives of Psychology, 22(140), 1-55.

Northouse, P. G. (2021). Leadership: Theory and practice (9th ed.).

Sage publications. https://collegepublishing.sagepub.com/products/

leadership-9-270138
Pepe, R. J., Burns, W. A., Dutton, J. L., Nithikasem, S., Cai, J., &

Patel, N. M. (2025). Utilizing the DiSC assessment in surgical

residency leadership training to address communication skill
acquisition: A kern six-step approach to curriculum
development. Journal of Surgical Education, 82(3), 103413.

https://doi.org/10.1016/j.jsurg.2024.103413

Potter, W. J. (2022). Analysis of definitions of media literacy. Journal

of Media Literacy Education, 14(2), 27-43. https://doi.org/

10.23860/JMLE-2022-14-2-3

Revelle, W., & Condon, D. M. (2019). Reliability from á to ù: A
tutorial. Psychological Assessment, 31(12), 1395-1411. https://

doi.org/10.1037/pas0000754



148 INDIAN JOURNAL OF EXTENSION EDUCATION

Saleem, S., Dhuey, E., White, L., & Perlman, M. (2024).
Understanding 21st century skills needed in response to industry
4.0: Exploring scholarly insights using bibliometric analysis.
Telematics and Informatics Reports, 13, 100124. https://doi.org/
10.1016/j.teler.2024.100124

Saxena, P., Gupta, S. K., Mehrotra, D., Kamthan, S., Sabir, H., Katiyar,
P., & Prasad, S. S. (2018). Assessment of digital literacy and use
of smart phones among Central Indian dental students. Journal

of Oral Biology and Craniofacial Research, 8(1), 40-43. https:/
/doi.org/10.1016/j.jobcr.2017.10.001

Shitu, G. A., Nain, M. S., & Kobba, F. (2018). Development of scale
for assessing farmers’ attitude towards precision conservation
agricultural practices. Indian Journal of Agricultural Sciences,
88(3), 499-504.

Smith, K. A., Morassaei, S., Ruco, A., Bola, R., Currie, K. L., Cooper,
N., & Prospero, L. D. (2022). An evaluation of the impact for
healthcare professionals after a leadership innovation fellowship
program. Journal of Medical Imaging and Radiation Sciences,
53(4S), S137-S144. https://doi.org/10.1016/j.jmir.2022.09.004

Stewart, C. (2017). What we talk about when we talk about leadership:
A review of research on library leadership in the 21st century.
Library Leadership & Management,  32(1). https://doi.org/
10.5860/llm.v32i1.7218

Tight, M. (2021). Globalization and internationalization as
frameworks for higher education research. Research Papers in

Education, 36(1), 52-74. https://doi.org/10.1080/02671522.2019.
1633560

Tight, M. (2022). Internationalisation of higher education beyond
the West: Challenges and opportunities-the research evidence.

Educational Research and Evaluation, 27(3-4), 239-259. https:/
/doi.org/10.1080/13803611.2022.2041853

Tuzlukova, V., Al Busaidi, S., Burns, S., & Bugon, G. (2018). Exploring
teachers’ perceptions of 21st century skills in teaching and
learning in English language classrooms in Oman’s higher

education institutions. Journal of Teaching English for Specific

and Academic Purposes, 6(1), 191-203. http://dx.doi.org/
10.22190/JTESAP1801191T

Van Laar, E., Van Deursen, A. J., Van Dijk, J. A., & De Haan, J. (2017).
The relation between 21st century skills and digital skills: A
systematic literature review. Computers in Human Behavior, 72,

577-588. https://doi.org/10.1016/j.chb.2017.03.010
Watkins, M. W. (2018). Exploratory Factor Analysis: A guide to best

practice. Journal of Black Psychology, 44(3), 219-246. https://

doi.org/10.1177/0095798418771807 
Winters, C. A., Moore, C. F., Kuntz, S. W., Weinert, C., Hernandez,

T., & Black, B. (2016). Principal components analysis to

identify influences on research communication and engagement

during an environmental disaster. BMJ Open, 6(8), e012106.

https://doi.org/10.1136/bmjopen-2016-012106

Yagci, M. (2019). A valid and reliable tool for examining

computational thinking skills. Education and Information

Technologies, 24(1), 929-951. https://doi.org/10.1007/s10639-

018-9801-8

Yamaguchi, S. N., Oishi, T., Ohnishi, Y., & Nishino, K. (2023).

Designing an asynchronous information literacy lecture to change

learning styles in ICT utilization. Procedia Computer Science,

225, 1282-1292. https://doi.org/10.1016/j.procs.2023.10.116


