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ABSTRACT

Innovation competency has become an essential requirement for engineering graduates as they navigate
increasingly complex and technologically advanced environments. This study aims to develop and validate an
instrument to assess innovation competencies among engineering students in Malaysian technical and
vocational institutions. The construction of the instrument was guided by grounded theory insights obtained
from structured interviews with engineering educators, together with a synthesis of current literature and
ABET-aligned competency frameworks. This process established three major dimensions knowledge, skills,
and personality which formed the basis for an initial pool of 53 items. The content validity of the instrument
was evaluated by a panel of five experts using the Content Validity Index (CVI) and the modified Kappa
statistic. Experts rated each item for relevance using a four-point scale. The results demonstrated strong overall
agreement, with most items achieving 1-CV1 values between 0.80 and 1.00 and Kappa coefficients indicating
good to excellent concordance. Items falling below acceptable thresholds were removed or refined based on
expert judgment. As a result, 42 items were retained, representing essential components of innovation
competency across the three dimensions. The findings confirm that the instrument possesses strong content
validity and is suitable for further psychometric evaluation. This validated item set offers educators,
curriculum designers, and policymakers a structured and evidence-based tool for assessing innovation
readiness among engineering students. The instrument has potential applications in evaluating program
effectiveness, identifying student competency gaps, and supporting targeted instructional improvements.
Future research should incorporate pilot testing, reliability analysis, exploratory and confirmatory factor
analysis, and multi-institutional validation to strengthen the instrument’s robustness, generalizability, and
practical utility.

Keywords: innovation competency, content validity index, Kappa statistic, engineering education, instrument
development

INTRODUCTION

Innovation plays an essential role in technical and engineering fields, enabling students to develop the critical
thinking, creativity, and problem-solving abilities required to become future leaders and innovators (Suyuti,
2024). The Future of Jobs Report 2023 highlights the importance of knowledge, skills, and personality traits in
driving innovation, emphasizing competencies such as critical thinking, creativity, collaboration, adaptability,
resilience, curiosity, and lifelong learning. In an era of rapid technological advancement, engineering graduates
must possess updated and specialized knowledge to remain relevant.

However, the rapid pace of technological change presents significant challenges for educational institutions in
ensuring their curricula remain current (Roy & Roy, 2021). Traditional instructional systems often struggle to
adapt quickly, creating a gap between academic programs and industry expectations. Modern engineering
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problems increasingly require interdisciplinary understanding, yet many programs remain compartmentalized,
limiting students’ exposure to integrated problem-solving and teamwork (Reich et al., 2020). Prior studies
(Akdur, 2021; de Campos et al., 2020; Rovida & Zafferri, 2022) also emphasize that while technical skills are
essential, soft skills such as communication, teamwork, adaptability, and resilience are equally critical but
often underrepresented in engineering curricula. Encouraging an innovation mindset characterised by
creativity, curiosity, and a willingness to take risks is therefore essential (Gorlewicz & Jayaram, 2020).

Given these evolving expectations, researchers have called for a deeper re-examination of fundamental
competencies that support innovation in technical and engineering education (Hirudayaraj et al., 2021). This
reinforces the need for robust, empirically validated assessment tools capable of measuring innovation
competencies accurately and comprehensively. Content validity plays a crucial role in this process, as it
ensures that an instrument adequately represents the construct under study while avoiding irrelevant or
overlapping content (Chong et al., 2021; Shrotryia & Dhanda, 2019). It is widely recognized as a critical first
step in instrument development (Kipli & Khairani, 2020; Spoto et al., 2023), forming the foundation for
subsequent reliability and construct validation.

To address this need, the present study develops and validates an instrument to assess innovation competencies
among engineering students. The dimensions and items were conceptually grounded in established literature,
Accreditation Board for Engineering and Technology (ABET) expectations, and insights generated through
grounded theory procedures. These inputs supported the identification of three major dimensions knowledge,
skills, and personality with corresponding sub-dimensions. A total of 53 items were generated as the initial
pool for validation. As the detailed item-generation process is part of a separate manuscript, this article focuses
specifically on the content validity evaluation of the 53 items.

RESEARCH METHOD

This study aimed to develop an assessment instrument for innovation competency and evaluate its content
validity using quantitative procedures. The research process included two main phases: (i) establishing the
instrument dimensions and initial item pool, and (ii) evaluating content validity through the Content Validity
Index (CVI) and the modified Kappa statistic.

Grounded theory methodology was employed to help conceptualize the initial dimensions of innovation
competency. Structured interviews with three engineering and technical educators from Malaysian higher
technical education institutions were conducted to capture expert perspectives on essential components of
innovation. Each interview lasted 20-30 minutes, was transcribed verbatim, and reviewed for accuracy.

The interview data were coded using thematic analysis to identify recurring patterns and construct categories.
These qualitative insights were combined with a comprehensive review of recent literature and ABET
expectations to construct a preliminary framework. This process resulted in the formation of three core
dimensions knowledge, skills, and personality each with multiple sub-dimensions representing critical
components of innovation competency.

The combination of literature synthesis and expert insight was used to generate an initial pool of 53 items. As
the detailed coding and item-development procedures form part of another dedicated study, they are not
elaborated in this article. In the present paper, the 53 items are presented to support the validation process,
serving as the content to be evaluated for relevance and clarity.

Although grounded theory studies in engineering education often involve larger samples, the use of three
expert educators is methodologically appropriate for exploratory construct identification. Grounded theory
prioritizes conceptual richness over sample size, and the homogeneity of the participants each with direct
experience evaluating student innovation, enabled focused and contextually meaningful insights. As noted by
Vasileiou et al. (2018), saturation is influenced by participant similarity and the specificity of the research aim.
Tutar et al. (2024) also highlight that smaller samples may be justified when the goal is exploratory construct
development rather than full theory generation. Importantly, the qualitative findings in this study served as a
foundation for item generation, while the content validation was subsequently carried out by a separate, larger
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panel of five experts, ensuring independence between item creation and evaluation.

A panel of five experts, including engineering specialists, a psychometrician, and a curriculum design expert,
evaluated the 53 items for relevance using a four-point scale. The Item-Level Content Validity Index (I-CVI)
and modified Kappa statistic were calculated to determine agreement beyond chance. Items meeting
established thresholds were retained, forming the basis of the validated instrument.

Instrument

The instrument was constructed to evaluate the self-perceived innovation competency of technical and
engineering students. It was developed in alignment with ABET standards and comprises 53 items categorized
into three main dimensions and ten sub-dimensions, as presented in Table 1. These dimensions include
Knowledge, Skills, and Personality, reflecting broad and multifaceted aspects of innovation competency.

Table 1. Item distribution list

Dimensions | Sub-Dimensions | Item Pool

Knowledge | Critical Thinking 1. Ability to identify the core problem in a technical situation.

2. Tendency to evaluate information from multiple sources before making
decisions.

3. Skill in analysing situations to determine root causes.

4. Capability to assess strengths and weaknesses of different solution
options.

5. Habit of questioning assumptions to clarify problem definitions.

6. Use of evidence-based reasoning when approaching engineering tasks.

Creative Thinking | 7. Capacity to generate multiple ideas for solving a problem.

8. Willingness to propose unconventional or novel solutions.

9. Ability to combine different concepts to create new ideas.

10. Comfort in experimenting with new or unfamiliar approaches.

11. Skill in modifying existing ideas to improve effectiveness.

12. Application of imagination and creativity in technical tasks.

Skill Problem Solving 13. Development of step-by-step plans to address engineering challenges.

14. Ability to troubleshoot when a solution does not work as expected.

15. Consideration of potential risks before deciding on a solution method.

16. Use of systematic thinking to resolve complex problems.

17. Flexibility in adapting problem-solving strategies when needed.

18. Identification of constraints that may influence possible solutions.
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19. Verification of a solution’s effectiveness after implementation.

Communication 20. Clear expression of ideas to others.

21. Ability to explain technical concepts in understandable ways.

22. Active listening during discussions or teamwork.

23. Provision of constructive feedback to peers.

24. Confidence when presenting ideas to a group.

25. Ability to document work clearly and professionally.

Collaboration 26. Active contribution during team-based tasks.

27. Respectful consideration of different viewpoints in group discussions.

28. Support provided to teammates when assistance is needed.

29. Shared responsibility in working toward team goals.

30. Effective collaboration with peers from diverse backgrounds.

31. Constructive handling of conflicts within group work.

Personality | Openness 32. Interest in exploring new ideas or concepts.

33. Willingness to try unfamiliar methods or tools.

34. Curiosity and eagerness to learn new things.

35. Adaptability to changes in project requirements.

36. Openness to revising ideas based on new insights.

Conscientiousness | 37. Completion of tasks with timeliness and quality.

38. Organized approach to planning technical work.

39. Attention to detail when performing engineering-related tasks.

40. Responsibility shown in achieving high standards of work.

Extraversion 41. Comfort engaging in discussions with peers.

42. Ease in expressing ideas within group settings.

43. Participation in team-based or group activities.

44. Confidence interacting with new people.

Agreeableness 45. Considerate behaviour when interacting with others.

46. Sensitivity toward others’ feelings and perspectives.
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47. Cooperative attitude during teamwork.

48. Appreciation expressed for others’ contributions.

49. Maintenance of positive working relationships with peers.

Emotional 50. Ability to remain calm when working under pressure.
Stability

51. Emotional control during stressful situations.

52. Resilience when facing setbacks or failures.

53. Focus maintained when encountering unexpected challenges.

Identification of VValidation Panels

A purposive sampling technique was used to select five experts for the content validation process, consistent
with recommendations by Shrotryia and Dhanda (2019), who emphasize the importance of expertise, training,
and professional experience in selecting content validation panels. The chosen experts included three
specialists in mechanical, electrical, and civil engineering from technical and vocational education institutions,
one psychometric expert, and one curriculum design expert.

Appointment letters and validation forms were distributed via email, and due to geographical constraints,
experts completed the assessments online. Each expert was given 14 days to evaluate the 53 items, using a 4-
point relevance scale:

1 = not relevant,

2 = somewhat relevant,

3 = quite relevant,

4 = highly relevant.

The absence of a neutral option was intended to encourage decisive judgments.
Quantification of Content Validity

Content Validity Index (CVI)

The Item-Level Content Validity Index (I-CVI) was calculated by dividing the number of experts rating an
item as 3 or 4 by the total number of experts. This approach is widely used in validating assessment
instruments (Almanasreh et al., 2022; Indarta et al., 2023; Jamaludin et al., 2021; Kipli & Khairani, 2020;
Madadizadeh & Bahariniya, 2023). However, CVI alone may inflate agreement levels due to chance.
Therefore, in line with recommendations by Walter et al. (2019) and Zamanzadeh et al. (2014), the Kappa
statistic was also applied.

Kappa Statistic coefficient
To account for random agreement, the Kappa statistic was computed using the formula:

N!

_ ) N
=N —ay X 00

Fe

where N is the number of experts and A is the number of experts agreeing on an item.

The modified Kappa coefficient was calculated using:
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Table 2 below summarizes the evaluation criteria for Kappa Statistic coefficient.

Table 2. Kappa Statistic Coefficient Interpretation

Kappa Values Interpretation
0.74 and above Excellent
0.6t00.74 Good

0.40to0 0.59 Fair

(Polit & Beck, 2006; Zamanzadeh et al., 2014)

RESULTS AND DISCUSSION

This section elaborates on the findings of the I-CVI and Kappa Statistics for all three dimensions: Knowledge,
Skills, and Personality of Engineering and Technical Students' Innovation, based on Tables 3, 4, and 5,
respectively.

The Knowledge dimension in Table 3 has 12 items measuring 6 creative and 6 critical thinking aspects by five
experts rating. All 12 items in the Knowledge dimension demonstrated strong content validity, with 1-CVI
values ranging from 0.80 to 1.00 and Kappa values indicating good to excellent agreement. Items aligned with
critical thinking and creative thinking were consistently rated as relevant by experts.

Table 3. Ratings on “Knowledge” Dimension of Engineering and Technical Students' Innovation

Dimensions: Knowledge

Items El E2 E3 E4 ES Experts Agree I-CVI Pc K

1 X X X X X 5 5 1.00 0.03 1.00
2 - X X X X 5 4 0.80 0.16 0.76
3 - X X X X 5 4 0.80 0.16 0.76
4 X - X X X 5 4 0.80 0.16 0.76
5 X X X X X 5 5 1.00 0.03 1.00
6 X X X X X 5 5 1.00 0.03 1.00
7 X - X X X 5 4 0.80 0.16 0.76
8 X X X X X 5 5 1.00 0.03 1.00
9 X X - X X 5 4 0.80 0.16 0.76
10 X X X X X 5 5 1.00 0.03 1.00
11 - X X X X 5 4 0.80 0.16 0.76
12 X X X X X 5 5 1.00 0.03 1.00

Note. I-CVI = item content validity index; Pc = probability of chance agreement; K = Kappa Statistic: X =
Items Rated 3 or 4
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The high level of agreement suggests that knowledge-related competencies such as analysing problems,
synthesizing information, and generating ideas are well-established constructs within engineering education.
This finding aligns with existing studies (e.g., Qadir et al., 2020; Thornhill-Miller et al., 2023) which
emphasize that foundational cognitive skills form the basis of innovation. Because these constructs are well-
defined and widely recognized in ABET-aligned outcomes, experts likely found it easier to evaluate their
relevance, resulting in stable and consistent ratings.

The Skills dimension displayed a combination of strong and weak content validity. While 11 items achieved
perfect 1-CVI and Kappa scores, several items (specifically 18, 19, 22, 27, and 31) showed low I-CVI values
(<0.60) and fair-to-poor Kappa coefficients.

Table 4: Ratings on "Skill" Dimension of Engineering and Technical Students' Innovation

Dimensions: Skills

Items El E2 E3 E4 ES Experts Agree I-CVI Pc k

13 - X X X X 5 4 0.80 0.16 0.76
14 X X X X X 5 5 1.00 0.03 1.00
15 X - X X X 5 4 0.80 0.16 0.76
16 X X X X X 5 5 1.00 0.03 1.00
17 X X X X X 5) 5 1.00 0.03 1.00
18 - - X X X 5) 3 0.60 0.31 0.42
19 X X - X - 5) 3 0.60 0.31 0.42
20 X X X X X 5 5 1.00 0.03 1.00
21 X X X X X 5 5 1.00 0.03 1.00
22 - X - - X 5 2 0.40 0.31 0.13
23 X X X X X 5 5 1.00 0.03 1.00
24 X X X X X 5 5 1.00 0.03 1.00
25 X - X X X 5 4 0.80 0.16 0.76
26 X X X X X 5 5 1.00 0.03 1.00
27 X - - - X 5 2 0.40 0.31 0.13
28 X X X X X 5 5 1.00 0.03 1.00
29 X X - X X 5 4 0.80 0.16 0.76
30 - X X X X 5 4 0.80 0.16 0.76
31 X - - X X 5 3 0.60 0.31 0.42

Note. I-CVI = item content validity index; Pc = probability of chance agreement; K = Kappa Statistic: X =
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Items Rated 3 or 4

Some items appeared too similar to others within the communication or collaboration sub-dimensions, making
it difficult for experts to distinguish their unique contribution. Similar issues are noted by Kipli & Khairani
(2020), who argue that overlapping skill items frequently lead to inconsistent expert ratings.

Items with broader behavioural descriptors may not have clearly reflected innovation-related skills, causing
experts to perceive them as generic soft skills rather than competencies directly contributing to innovation.

Skills such as teamwork and problem-solving manifest differently across engineering programs, which may
explain varied expert judgments. This is consistent with de Campos et al. (2020), who note that
operationalizing engineering soft skills remains a challenge due to their context-dependent nature.

The mixed performance of skill items reflects the complexity of measuring interpersonal and problem-solving
skills in innovation contexts.

These skills are often multifaceted and require clear operational definitions to avoid ambiguity. Removing low-
performing items strengthens the conceptual clarity of the Skills dimension and aligns the instrument with best
practices in competency assessment.

The Personality dimension (Table 5) also showed variability. While 12 items received perfect 1-CVI and
Kappa values, several items (particularly 35, 41, and others scoring <0.60) demonstrated weaker expert
agreement.

Table 5: Ratings on "Personality” Dimension of Engineering and Technical Students' Innovation

Dimensions: Personality

Items El E2 E3 E4 ES Experts Agree I-CVI Pc k
32 X - X - X 5 3 0.60 0.31 0.42
33 X X X X X 5 5 1.00 0.03 1.00
34 X X X X X 5 5 1.00 0.03 1.00
35 - - X - X 5 2 0.40 0.31 0.13
36 X - X X - 5 3 0.60 0.31 0.42
37 X X X X X 5 5 1.00 0.03 1.00
38 X X X X X 5 5 1.00 0.03 1.00
39 X X X X X 5 5 1.00 0.03 1.00
40 X X X X X 5 5 1.00 0.03 1.00
41 X - - - X 5 2 0.40 0.31 0.13
42 X X X X X 5 5 1.00 0.03 1.00
43 X X - X X 5 4 0.80 0.16 0.76
44 X X X X X 5 5 1.00 0.03 1.00
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- X X X - 5 3 0.60 0.31 0.42
46 X X - X X 5 4 0.80 0.16 0.76
47 X X X X X 5 5 1.00 0.03 1.00
48 X - X X X 5 4 0.80 0.16 0.76
49 - - X X X 5 3 0.60 0.31 0.42
50 X X - X X 5 4 0.80 0.16 0.76
51 X X X X X 5 4 0.80 0.16 0.76
52 X - X - X 5 3 0.60 0.31 0.42
53 X X X X X 5 5 1.00 0.03 1.00

Note. I-CVI = item content validity index; Pc = probability of chance agreement; K = Kappa Statistic: X =
Items Rated 3 or 4

Personality traits such as openness, extraversion, and emotional stability may be interpreted differently
depending on cultural and institutional contexts, which can influence how experts evaluate their relevance to
innovation. Items describing emotional or behavioural tendencies may have been viewed as too broad or not
sufficiently linked to specific innovation outcomes, making it difficult for experts to identify a clear connection
between certain traits and innovation competency in engineering. Additionally, cultural norms within
Malaysian TVET settings may shape expectations about personality traits in ways that differ from Western-
derived personality models, contributing to variations in expert judgment. These patterns are consistent with
the observations of Rovida and Zafferri (2022), who emphasize that personality constructs often require
contextual adaptation to ensure clarity and relevance across different educational environments.

The variability in personality ratings suggests that traits must be operationalized carefully to ensure relevance
to innovation behaviour. Weak items were likely removed because they lacked specificity, overlapped with
other constructs, or did not explicitly support the behavioural aspects of innovation. The remaining items better
capture the personality dimensions that meaningfully contribute to innovative performance.

Across all 53 initial items, 42 items were retained based on established thresholds (I-CVI > 0.78 and strong
Kappa values). The Knowledge dimension emerged as the most stable, while the Skills and Personality
dimensions required refinement due to conceptual ambiguity or inconsistent expert interpretation.

The use of both I-CVI and Kappa strengthens the validity of the retained items, addressing concerns raised in
the literature (Zamanzadeh et al., 2014; Polit & Beck, 2006) regarding reliance on CVI alone. This dual
approach allowed clearer differentiation between items with true agreement and those rated highly by chance.

These findings closely reflect patterns observed in previous research on innovation and competency
assessment. Prior studies have consistently shown that knowledge-based competencies tend to demonstrate
strong validity, as they are conceptually well-defined and closely aligned with established engineering
expectations (Munir, 2022; Qadir et al., 2020). In contrast, skill-related items often display greater variation,
largely because these competencies are situational and may manifest differently depending on instructional
practices, teamwork contexts, and problem-solving environments (Hirudayaraj et al., 2021). Similarly,
personality-related constructs frequently require cultural adaptation to ensure relevance and clarity, as
personality traits may be interpreted differently across educational and cultural settings (Rovida & Zafferri,
2022). Taken together, these similarities indicate that the patterns observed in this study are not isolated but
instead reflect broader challenges commonly reported in the development of comprehensive competency
instruments within engineering education.
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The refined 42-item instrument offers a coherent framework that aligns with ABET standards and the
grounded theory insights generated in this study. It serves as a validated measure that engineering educators
can use to assess students’ innovation readiness and identify areas requiring further development. Additionally,
the instrument provides a strong foundation for subsequent psychometric evaluations, including exploratory
and confirmatory factor analysis as well as reliability testing. Overall, the findings underscore the importance
of precise and contextually appropriate item wording particularly for skills and personality constructs to ensure
consistent interpretation and strengthen the instrument’s validity.

Overall, the content validation process confirms that most items are relevant and conceptually aligned with
innovation competency constructs. The removal of low-performing items enhances the instrument’s clarity and
validity, enabling it to serve as a practical tool for evaluating innovation competencies among engineering
students.

CONCLUSION

This study highlights the significance of the developed instrument in accurately and effectively assessing
students’ innovation competencies within engineering education. The high CVI and Kappa values obtained for
most items demonstrate strong consensus among experts regarding the clarity and relevance of the
instrument’s constructs, thereby strengthening its reliability. At the same time, several limitations should be
acknowledged to contextualize the findings. First, the study relied solely on expert judgment during the content
validation phase, which, although valuable, involves an inherent degree of subjectivity. Second, the initial
qualitative phase included only three engineering educators, which may limit the breadth of perspectives
informing the item development process. Third, pilot testing was not conducted at this stage, meaning that item
performance with actual student respondents remains unexamined.

Despite these limitations, the study provides a solid foundation for the development of a valid and structured
assessment tool aligned with the needs of engineering and technical education. To strengthen the instrument
further, future research should involve a larger and more diverse panel of experts, as well as pilot testing with
students across multiple institutions to enhance generalizability. In addition, advanced psychometric analyses
such as exploratory and confirmatory factor analysis, reliability testing, and model fit examination are
recommended to verify the underlying factor structure and measurement properties. These steps will help
ensure that the instrument evolves into a robust and widely applicable tool for assessing innovation
competencies in varied educational settings.

RECOMMENDATIONS

The development of this instrument presents several valuable applications for educational practice, curriculum
enhancement, and policy planning. For engineering lecturers, the instrument offers a practical tool to assess
students’ innovation competencies and to identify learners who may require targeted instructional support. It
also enables educators to design or adjust teaching strategies, projects, and learning activities that better
cultivate innovation-related behaviours. For curriculum designers, the instrument provides evidence-based
insights that can inform curriculum review processes, ensuring that innovation competencies such as critical
thinking, creative problem-solving, collaboration, and adaptability are meaningfully embedded within course
and program structures. Policymakers and academic leaders may also utilize the instrument to evaluate
institutional performance related to innovation outcomes and to align academic programs with ABET
standards and industry expectations.

Beyond its immediate instructional use, the instrument can also support longitudinal monitoring of students’
development, enabling institutions to track innovation competency growth over time. This longitudinal
perspective can help institutions refine their innovation-focused initiatives and improve graduate readiness for
future engineering challenges. Moving forward, further validation and refinement of the instrument should
include multi-institutional testing, cross-cohort comparisons, and integration with student performance data.
These efforts will ensure that the instrument remains adaptable, reliable, and responsive to evolving
educational needs while contributing to a stronger culture of innovation in engineering and technical programs
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