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 In engineering education, fostering innovative behaviors is crucial for 

preparing students to tackle complex, real-world challenges. Developing an 

assessment tool or rubric that accurately measures innovative behavior is 

essential to provide educators with the means to systematically evaluate 

students’ innovative potential. This article mainly focuses on assessing the 

content validity of the innovative behavior assessment rubric, which is 

designed to measure the innovative behavior of engineering students. The 

rubric was designed around three core dimensions: problem recognition, idea 

generation, and idea implementation. Content validity was assessed using 

the item-level content validity index (I-CVI), scale-level content validity 

index (S-CVI), and modified kappa statistic. Expert evaluations resulted in a 

final 35-item rubric, with an overall S-CVI of 0.85, indicating high content 

validity. Items with I-CVI values below 0.70 were either revised or removed 

to ensure relevance and clarity. The study highlights the importance of 

expert judgment in the validation process and underscores the utility of both 

I-CVI and kappa in refining assessment tools. Future research will focus on 

construct and criterion validation, as well as practical application across 

diverse educational contexts. 
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1. INTRODUCTION 

In the field of educational evaluation, especially in polytechnic engineering programs, the 

importance of effective assessment tools cannot be overstated. In engineering education, fostering innovative 

behaviors is crucial for preparing students to tackle complex, real-world challenges. As industries progress 

and technology advances rapidly, the ability to think creatively and execute innovative solutions becomes 

more essential. Nonetheless, conventional assessment methods frequently fail to adequately reflect students’ 

innovative skills. Many existing instruments rely heavily on self-perception, which can introduce bias and 

undermine the validity of assessments [1], [2]. 

The reliance on self-reported measures for assessing innovative behavior can lead to significant 

discrepancies between perceived and actual competencies. Previous researches [3], [4] indicate that self-

assessments are often influenced by cognitive biases, such as overconfidence or lack of awareness of one’s 

limitations. This situation creates a pressing need for more objective assessment tools that can reliably evaluate 

https://creativecommons.org/licenses/by-sa/4.0/
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innovative behavior in engineering students. Without such tools, educators may struggle to identify students’ 

true capabilities, potentially hindering their development and preparedness for future challenges. 

Previous studies [5], [6] underscore the significance of utilizing structured assessment instruments 

such as rubrics to boost the consistency and accuracy of evaluations. Other research [7], [8] emphasize that 

rubrics offer explicit criteria that aid both students and instructors in understanding expectations, thus 

minimizing subjectivity in grading. Additionally, Panadero et al. [9] discovered that rubrics have a beneficial 

effect on student performance by encouraging self-regulation and more defined goal setting. Rubrics have 

been demonstrated to support formative assessment practices, enabling students to track their progress and 

enhance their work based on targeted feedback [10]. 

Well-structured rubrics are essential for evaluating intricate skills like innovation and creativity, as 

they offer clear and observable standards for assessment. These tools facilitate objective evaluation and 

enhance the learning experience by aligning assessment with educational goals. Research by Navarrete [11] 

designed rubrics for capstone projects in engineering, which improved student performance and aligned with 

accreditation standards. In addition, research has shown that reliable and valid assessment tools can 

effectively evaluate innovative thinking. A study developed a five-factor model with 25 elements to measure 

innovative thinking in vocational students, demonstrating strong validity and reliability [12]. Rubrics can 

bridge the gap between subjective self-assessment and objective evaluation by articulating observable 

behaviors associated with innovative thinking. 

To address the identified gaps in assessing innovative behavior among engineering students, this 

study proposes the development of a comprehensive rubric specifically designed for this purpose. Developing 

an assessment tool or rubric that accurately measures innovative behavior is essential to provide educators 

with the means to systematically evaluate students’ innovative potential. Innovation is a complex skill [13] 

that includes creativity, problem-solving, critical thinking, and applying knowledge in original ways. This 

rubric aims to provide a robust framework for evaluating student performance objectively by utilizing a 

multi-dimensional approach that includes both qualitative and quantitative measures. Without a standardized 

way to assess these qualities, educators may struggle to identify and nurture the innovative potential within 

their students. The proposed rubric will allow educators to systematically evaluate the outcomes of students’ 

innovative projects and the processes they employ, focusing on criteria such as original thought, problem 

recognition, idea generation, and implementation. By concentrating on these dimensions, educators can gain 

deeper insights into how students approach challenges and generate new ideas. 

The rubric will undergo a rigorous content validity process involving expert reviews to ensure that it 

accurately reflects the construct of innovative behavior. Content validity is the degree to which an assessment 

instrument accurately reflects the construct. It aims to measure is a foundational element in ensuring that 

educational evaluations are reliable and meaningful. This process will include soliciting feedback from faculty 

members and industry professionals to align the rubric with current standards and expectations in engineering 

education. As highlighted in existing literature, content validity is crucial for the reliability of instruments and 

the overall quality of educational assessments [14], [15]. Indeed, Ferraz and Pereira-Guizzo [16] highlighted 

that content validity is crucial for ensuring that assessment items are relevant and representative of the target 

constructs, such as transferable skills in engineering students. This study focuses on developing a behavior 

rubric specifically tailored for polytechnic engineering students, aiming to enhance the assessment of 

innovative behaviors that are increasingly vital in today’s dynamic technological landscape. 

This study offers a novel solution to the lack of reliable instruments for evaluating innovative 

behavior in engineering students by developing and validating an individually tailored rubric designed for 

Malaysian polytechnic engineering education. Unlike existing assessment tools, this rubric is uniquely 

grounded in established content validity principles and specifically designed to capture the distinct 

dimensions of innovative behavior relevant to technical and vocational education. The novelty of this study 

lies in its integrated methodological approach, which combines both qualitative expert reviews and 

quantitative empirical testing to ensure the instrument’s reliability and validity. This dual-validation process 

represents a rigorous and comprehensive strategy that is rarely applied in similar educational assessment 

tools. By doing so, the study not only addresses a significant gap in the literature but also contributes a 

practical, academically sound instrument that can be adopted across polytechnic institutions. The validated 

rubric offers new insights into how structured behavioral assessment can enhance student engagement, 

creativity, and innovation skills in engineering education, ultimately supporting more effective teaching and 

learning practices in line with 21st-century competency demands. 

This article mainly focuses on assessing the content validity of the innovative behavior assessment 

rubric, which is designed to measure the innovative behavior of engineering students. Following a thorough 

content validity process and incorporating expert feedback, all accepted items will be utilized to develop a 

comprehensive rubric for evaluating innovative behavior in this context. The specific techniques employed in 

the item development, which includes conducting literature reviews, consulting experts, and analyzing 
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metadata, as well as the fundamental dimensions that underpin their design and functionality, fall outside the 

scope of this paper. A comprehensive analysis of these aspects would require a separate investigation, given 

their complexity and importance in understanding the overall nature of the items in question. Instead, the 

article seeks to confirm that the instrument created is both valid and reliable, without elaborating on the 

specifics of how the constructs were originally developed. 

 

 

2. METHOD 

2.1.  The innovative behavior instruments 

The study aimed to measure innovative behavior levels among engineering students in polytechnics 

through the innovative behavior assessment rubric. The main tool for this study is an analytical rubric. This 

scoring system allows lecturers to evaluate students’ work against defined criteria. The creation of this tool 

was based on insights from the learning outcomes found in the compilation of learning outcome references 

and the learning taxonomy (JPPKK, 2019), adhering to the Malaysian Polytechnic Standards 

(MyPOLYStandards) established by the Department of Polytechnic Education (DPE), Ministry of Education 

(MOE), alongside research from past journal articles focused on innovative behaviors. A thorough 

examination of these documents and a literature review was undertaken to pinpoint the innovative behavior’s 

content domain. Through metadata analysis and the grounded theory method, the researcher pinpointed three 

key components of innovative behavior: problem recognition, idea generation, and idea implementation. 

Table 1 shows how items are distributed across the instrument. 

Expert panels were consulted to assess the instrument’s comprehensive coverage of the construct it 

is designed to measure, by reviewing the list of items. Experts are tasked with assessing 46 items using a 

relevance scale that ranges from 1 to 4 (1 indicates not relevant, 2 signifies somewhat relevant, 3 represents 

quite relevant, and 4 denotes highly relevant), as shown in Table 2. These items are categorized into three 

primary constructs: problem recognition, idea generation, and idea implementation. Problem recognition 

emphasizes a student’s ability to identify and articulate problems effectively. Idea generation evaluates a 

student’s creativity and capacity to produce viable solutions, while idea implementation measures how well 

students can convert ideas into actionable plans. 

 

 

Table 1. List of item distribution 
Dimensions Sub-dimensions Total of items 

Problem recognition Problem finding 6 

Fact finding 5 

Problem definition 5 
Idea generation Idea exploration 8 

Solution evaluation 8 

Idea implementation Action plan 7 
Prototyping 7 

Overall  46 

 

 

2.2.  Identification of validation panels 

Experts are highly knowledgeable and skilled individuals who have extensive expertise in a 

particular field, allowing them to provide valuable insights and solutions within that domain [17], [18]. 

Determining the optimal number of experts for panel studies varies significantly across the literature, 

reflecting different methodological approaches and contextual needs. Amirzadeh et al. [15] advocates for a 

minimum of five experts to achieve reliable consensus, emphasizing the need for diverse perspectives to 

reduce bias. Conversely, that three experts may be sufficient for specialized topics [19], [20]. Nevertheless, 

the Lawshe content validation method just needs four experts at the very least. Research by [21], [22] suggest 

a flexible range of 3 to 10 experts per category to balance inclusivity with manageability. Overall, the ideal 

expert panel size is influenced by topic complexity, expert availability, and study objectives, generally 

recommending at least 6 and no more than 10 experts for effective content validation. Therefore, the eight 

experts in this study are based on their professional and field experts, respectively.  

Professional experts typically have the necessary job experience and expertise to collaborate on the 

study, as well as knowledge of the research field, publications on the subject, and presentations at national or 

worldwide seminars [23]–[25]. These experts assist in determining the degree to which the instrument was 

designed with psychometric testing to be considered [26]. The criteria used to select the experts were 

compulsory to have at least 10 years of working experience. Experts were also chosen based on their 

experience supervising final-year student projects and their knowledge of the product design process, 

innovation, and design thinking. Each expert panel comprises faculty members from different institutions, 
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evaluated based on their qualifications. Furthermore, experts in curriculum development, instrument design, 

and psychometrics were chosen to participate in the study’s expert panel. This opinion that the chosen 

experts ought to be specialists in both the subject field and instrument development was reinforced by 

additional researches [27], [28]. These experts were selected due to their diverse backgrounds and 

experiences, guaranteeing a well-rounded view on the topic. They contribute to refining the study’s item list 

by providing insights on the most relevant, necessary, or effective items. This may involve suggesting new 

items to include, recommending the removal of less relevant ones, or modifying existing items to improve 

clarity and effectiveness. The list of expert panels’ expertise and years of experience are shown in Table 3. 
 

 

Table 2. Content validation form 

Judgments 
How relevant is this item? 

1 2 3 4 

Problem recognition 
Problem finding 1. Analyze empathy (understand feeling of another) on users’ needs     

2. Select promising prospects with relevant justification     

3. Recognize underlying issues that may not be immediately apparent     
4. Distinguish between symptoms and root causes of problems     

5. Identifying issues, changes, and chances for improvement     

6. Select problems worth investigating     
Fact finding 7. Gather relevant data to understand the problem context     

8. Analyze existing information to identify gaps     
9. Summarize findings in a clear and concise manner     

10. Evaluate the credibility of sources when collecting facts     

11. Consult stakeholders to gain different perspectives on the problem     
Problem 

definition 

12. Develop a concise, measurable, and systematic objectives     

13. Construct detailed problem statement     

14. Demonstrate innovative solution approach for continual improvement     
15. Analyze the problem and fully describe the problem in own words     

16. Relate the problem to a real-world need     

Idea generation 
Idea exploration 17. Generates a wide range of diverse and unconventional ideas before narrowing 

down the options 
    

18. Demonstrates skill in selecting a smaller number of promising solutions for 

further evaluation and development 
    

19. Brainstorm multiple solutions to a given problem     

20. Record all generated ideas without immediate judgment     
21. Identify potential barriers to idea generation and address them     

22. Encourage unconventional thinking during idea generation sessions     

23. Collaborate with peers to expand idea generation efforts     
24. Utilize feedback from others to enhance idea exploration     

Solution 

evaluation 

25. Assess the feasibility of proposed solutions     

26. Compare potential solutions against established criteria     
27. Analyze risks associated with each solution option     

28. Use decision-making frameworks to guide evaluations     

29. Seek input from experts when evaluating solutions     
30. Prioritize solutions based on effectiveness and efficiency     

31. Develop a pros and cons list for each potential solution     

32. Document the rationale for selecting specific solutions     
Idea implementation 

Action plan 33. Explain clear prospect of solutions to achieve goals in well-defined steps     

34. Develop a step-by-step action plan for implementing a solution     

35. Identify necessary resources for successful implementation     

36. Assign timeliness for each task in the plan     

37. Explain clear prospect of solutions to achieve goal in well-defined steps     
38. Communicate the action plan clearly to all stakeholders involved     

39. Review and adjust the action plan as needed based on feedback     

Prototyping 40. Create a prototype or model of the proposed solution     
41. Test the prototype under real-world conditions to gather data     

42. Document lessons learned during the prototyping process     

43. Solicit feedback on the prototype from users and stakeholders     
44. Refine the prototype based on testing results and feedback received     

45. Present findings from prototyping efforts to relevant stakeholders     

46. Prepare for full-scale implementation based on prototype insights     

 

 

2.3.  Sampling of expert panels 

In this study, experts were deliberately selected based on their relevant expertise in the domain 

constructs of the instrument. Therefore, purposive sampling was employed in this study. Following their 

consent to participate, they were sent appointment letters and validation materials through email. The experts 
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involved in the study were widely dispersed geographically, so an online approach was utilized to carry out 

the evaluation and validation processes. The instrument consists of 46 items, and each panel of experts was 

given 14 days to review and validate the items to streamline the procedure.  

When evaluating the innovative behavior rubric, it is important to consider how well the rubric 

items reflect the specific characteristics and competencies relevant to the content area [7], [29]. The detailed 

instructions given to the evaluators were crucial in guiding them through this process. They carefully 

reviewed each rubric item to assess its alignment with the behaviors and skills important for innovative 

thinking and problem-solving in that field. Focusing on making each rubric item relevant and easy to score 

improves its practicality. Experts are encouraged to check if each item accurately reflects important aspects 

of innovative behavior in their specific field. This ensures that the items are based on theory and applicable in 

real-life situations, making the rubric more relevant to actual practices [30]. 

 

 

Table 3. Experts panel list 
Code Expertise Current institutions Experience (years) 

E1 A doctorate holder: rubric development for product 

design innovation in field of technical and 

vocational education. 

Deputy Director of the Innovation Unit at 

the Department of Polytechnic Education 

and Community College. 

18 

E2 A lecturer: currently teaching, supervising, and 

assessing students’ final-year projects. 

Department of Mechanical Engineering, in 

polytechnic. 

17 

E3 A lecturer: currently teaching, supervising, and 
assessing students’ final-year projects. 

Department of Mechanical Engineering, in 
polytechnic. 

16 

E4 A lecturer: currently teaching, supervising, and 

assessing students’ final-year projects. 

Department of Electrical Engineering, in 

polytechnic. 

15 

E5 A lecturer: currently teaching, supervising, and 

assessing students’ final-year projects. 

Department of Civil Engineering, in 

polytechnic. 

15 

E6 A doctorate holder and lecturer: facilitating industry 
collaboration and innovation competitions, 

particularly in innovation-driven fields. 

Head of the unit of research, innovation, 
and commercialization in polytechnic. 

18 

E7 A doctorate holder: psychometrics and educational 
measurement with expertise in rubric development. 

Senior lecturer in public university. 18 

E8 A civil engineering lecturer with extended 

experience in curriculum development and student 

assessment. 

Head of student projects, unit of research, 

innovation, and commercialization, in 

polytechnic. 

18 

 

 

2.4.  Quantification of content validity 

This section outlines the methods used to quantify content validity for the innovative behavior 

assessment rubric developed for polytechnic engineering students. The quantification involved two key 

metrics: the content validity index (CVI) and kappa statistics, which together provide a comprehensive 

evaluation of item relevance and expert agreement. 

 

2.4.1. Content validity index 

The content validity of an instrument can be determined by consulting a panel of experts for their 

perspectives. The CVI approach is the most used method to assess content validity by many researchers, 

including those in studies [31]–[33]. CVI measures agreement among experts on items’ relevance. The CVI 

can be evaluated either at the individual item-level content validity index (I-CVI) or for the entire scale-level 

content validity index (S-CVI). The I-CVI calculates the percentage of experts who consider an item 

relevant, while the S-CVI is determined by taking the average of all the I-CVIs for the items in the scale. The 

main goal of the CVI is to thoroughly assess how effectively the items, as a group, capture the intended 

construct. To eliminate the possibility of neutral responses, a 4-point scale is utilized, consisting of the 

ratings: 1=not relevant, 2=somewhat relevant, 3=quite relevant, and 4=highly relevant. Before calculating the 

CVI, it is essential to reformat the relevance ratings by assigning a value of 1 to scores of 3 or 4, and a value 

of 0 to scores of 1 or 2. The calculation of the CVI indices, as presented in Table 4, is exemplified by data 

provided in Table 5 (results). 

A CVI value, which ranges from 0 to 1, indicates the strength of content validity, with higher values 

denoting better validity. The minimum acceptable S-CVI is any value between 0.80 to 0.90 [18], [34], [35]. 

According to previous studies [36], [37], it is recommended that judges should have at least an 80% 

agreement for newly developed instruments. Thus, the evaluation criteria for each item are as: an I-CVI 

greater than 0.79 signifies that the item is deemed suitable. Should the I-CVI fall within the range of 0.70 to 

0.79, the item necessitates revision. An I-CVI below 0.70 leads to the item being removed. Several studies 

[37], [38] recommended setting the I-CVI at 1.00 for cases involving five or fewer judges. In contrast, the  

I-CVI should not fall below 0.78 for studies with 6 or more experts. However, the I-CVI should be at least 
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0.78 for research involving six or more experts. This methodical approach not only increases the rigor of the 

evaluation but also lays out a definitive guide for refining the instrument in response to expert critiques. 
 

 

Table 4. CVI calculation [20], [36] 
CVI indices Definition Formula 

I-CVI  The proportion of content experts giving item a 

relevance rating 3 or 4. 

I-CVI=(agreed item)/(number of expert) 

S-CVI/Ave (scale-level 

content validity index based 

on the average method) 

The average of the I-CVI scores for all items on the 

scale or the average of proportion relevance judged 

by all experts. The proportion relevant is the average 
of relevance rating by individual expert. 

S-CVI/Ave=(sum of I-CVI scores)/(number 

of item) 

S-CVI/Ave=(sum of proportion relevance 
rating)/(number of expert) 

 

 

Table 5. Interpretation of kappa statistic coefficient [18], [36] 
Kappa values Interpretation 

0.74 and above Excellent 

0.6 to 0.74 Good 

0.40 to 0.59 Fair 

 

 

2.4.2. Kappa 

The CVI is a widely used method for evaluating content validity. However, it overlooks the 

potential for chance agreement to influence the outcomes. To address this limitation, it is advisable to employ 

both the CVI and the multi-rater kappa statistic in content validity research [39]. The kappa statistic, unlike 

the CVI, compensates for chance agreement, a point highlighted in previous research [40], [41]. As an index 

measuring the agreement among raters and adjusting for chance, the kappa statistic offers crucial insights into 

the extent of agreement that surpasses mere chance, making it an essential complement to the CVI. 

First, it is necessary to determine the probability of random concordance for every item to determine 

the modified kappa statistic. This is done using the (1):  

 

PC = [N!/A! (N − A)!] ∗ 5N  (1) 

 

here, N represents the total number of experts in the panel, while A denotes the number of panelists who 

believe the item is relevant. After calculating the I-CVI for each item in the instrument, the kappa value was 

obtained using the (2): 

 

K = (I − CVI − Pc)/(1 − Pc) (2) 

 

where, probability of chance agreement (Pc) represents the numerical values of the Pc and I-CVI signifies the 

CVI for each item. The kappa evaluation criteria classify values as seen in Table 5. 

 

 

3. RESULTS AND DISCUSSION 

The findings of this study provide significant insights into the development and validation of the 

innovative behavior assessment rubric for polytechnic engineering students. The analysis of the CVI and 

modified kappa statistics revealed three critical dimensions of innovative behavior: problem recognition, idea 

generation, and idea implementation, encompassing a total of 46 assessment items. Notably, the cumulative 

S-CVI for the rubric was established at 0.85, indicating a high level of content validity as assessed by expert 

panels. The average S-CVI scores for the dimensions of problem recognition, idea generation, and idea 

implementation in innovative behavior were 0.83, refer to Table 6; 0.80, refer to Table 7; and 0.91, refer to 

Table 8, respectively. The results demonstrated that most items within the dimensions exhibited strong expert 

consensus, with I-CVI values predominantly above the acceptable threshold of 0.70. For all items across the 

three dimensions, the I-CVI values varied between 0.38 and 1. Any item displaying an I-CVI below 0.7 

suggests the necessity for refinement. 

According to Table 6, 13 out of 16 items in the problem recognition dimension met the standard, 

while 10 out of 16 items in the idea generation dimension were deemed appropriate, as seen in Table 7. The 

analysis presented in Table 8 indicates that most of the assessed items in idea implementation demonstrate 

perfect agreement beyond chance, as evidenced by nine out of fourteen items achieving both an I-CVI and  

a kappa statistic of 1.00. However, several items across all dimensions fell below this threshold, necessitating 

refinement or removal to enhance the rubric’s overall effectiveness [18]. This highlights a critical aspect of 
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the validation process: not only does it confirm which items are relevant, but it also identifies those that may 

compromise the integrity of the assessment tool. The I-CVI and kappa scores play a critical role in the 

refinement of assessment items in developing a rubric for innovative behavior. 
 

 

Table 6. Ratings for problem recognition dimension of engineering students’ innovative behavior 
Items E1 E2 E3 E4 E5 E6 E7 E8 Experts Agree I-CVI Pc K 

1 X X X X X X X X 8 8 1.00 0.003906 1.00 
2 - X - X X X - X 8 5 0.63 0.218750 0.52 

3 X X X X X - X X 8 7 0.88 0.031250 0.87 

4 X - X X X X X X 8 8 1.00 0.003906 1.00 
5 X X X X X X X - 8 7 0.88 0.031250 0.87 

6 X - - X - - X - 8 3 0.38 0.218750 0.20 

7 X - X X - X X X 8 7 0.88 0.031250 0.87 
8 X - X X X X X X 8 7 0.88 0.031250 0.87 

9 X X - X X X X X 8 8 1.00 0.003906 1.00 

10 X X X X X X X - 8 7 0.88 0.031250 0.87 

11 - X X X - X - - 8 4 0.50 0.273438 0.31 

12 X X - X X X X X 8 7 0.88 0.031250 0.87 

13 X X - X X X X X 8 7 0.88 0.031250 0.87 
14 X X - X X X X X 8 7 0.88 0.031250 0.87 

15 X - X X X X X X 8 7 0.88 0.031250 0.87 
16 X X X X X X X - 8 7 0.88 0.031250 0.87 

Note: S-CVI (average)=0.83 (accepted). I-CVI=item content validity index; Pc=probability of chance agreement; 

S-CVI=scale content validity index. 
 

 

Table 7. Ratings for idea generation dimension of engineering students’ innovative behavior 
Items E1 E2 E3 E4 E5 E6 E7 E8 Experts Agree I-CVI Pc K 

17 X X - X X X X - 8 6 0.75 0.109375 0.72 
18 X X - X X X X - 8 6 0.75 0.109375 0.72 
19 X X X X X X X X 8 8 1.00 0.003906 1.00 
20 X X X X X X X X 8 8 1.00 0.003906 1.00 
21 X X X X X X X X 8 8 1.00 0.003906 1.00 
22 - - - X X - X X 8 3 0.38 0.218750 0.20 
23 - X - X X X - - 8 5 0.63 0.218750 0.52 
24 X X X X - X X X 8 7 0.88 0.031250 0.87 
25 X X X X X X X X 8 7 0.88 0.031250 0.87 
26 X X X X X X X X 8 7 0.88 0.031250 0.87 
27 X X X X X X X X 8 7 0.88 0.031250 0.87 
28 X X - X - - X - 8 4 0.50 0.273438 0.31 
29 - X - - - X X - 8 3 0.38 0.218750 0.20 
30 X X X X X X X X 8 8 1.00 0.003906 1.00 
31 X X X X X X X X 8 8 1.00 0.003906 1.00 
32 X X X X X X X X 8 8 1.00 0.003906 1.00 

Note: S-CVI (average)=0.80 (accepted). I-CVI=item content validity index; Pc=probability of chance agreement; 
S-CVI=scale content validity index. 

 

 

Table 8. Ratings for idea implementation dimension of engineering students’ innovative behavior 
Items E1 E2 E3 E4 E5 E6 E7 E8 Experts Agree I-CVI Pc K 

33 X X X X - X X - 8 6 0.75 0.109375 0.72 
34 X X X X X X X X 8 8 1.00 0.003906 1.00 
35 X X X X X X X X 8 8 1.00 0.003906 1.00 
36 X X X X X X X X 8 8 1.00 0.003906 1.00 
37 X X X X - - - X 8 5 0.63 0.218750 0.52 
38 X X X X X X X X 8 8 1.00 0.003906 1.00 
39 X X X - X X X X 8 7 0.88 0.031250 0.87 
40 X X X X X X X X 8 8 1.00 0.003906 1.00 
41 X X X X X X X X 8 8 1.00 0.003906 1.00 
42 X X - X X X - - 8 5 0.63 0.218750 0.52 
43 - X X X X X X X 8 7 0.88 0.031250 0.87 
44 X X X X X X X X 8 8 1.00 0.003906 1.00 
45 X X X X X X X X 8 8 1.00 0.003906 1.00 
46 X X X X X X X X 8 8 1.00 0.003906 1.00 

Note: S-CVI (average)=0.90 (accepted). I-CVI=item content validity index; Pc=probability of chance agreement; 
S-CVI=scale content validity index. 
 

 

The I-CVI provides a clear metric for determining item relevance based on expert consensus, while 

kappa scores evaluate the reliability of that consensus beyond chance agreement [42]. Together, these metrics 
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guide researchers in making informed decisions about which items to retain, revise, or remove, ultimately 

leading to a more valid and reliable assessment tool for measuring innovative behavior among polytechnic 

engineering students. This rigorous refinement process is essential for ensuring that the rubric accurately 

captures the multifaceted nature of innovation and effectively supports educational objectives in engineering 

education [43], [44]. 

Items with an I-CVI of 1.00 (items 1, 4, 9, and 14) also have a kappa value of 1.00, indicating 

perfect agreement beyond chance. However, item 6 has a very low kappa value (0.20) due to both its low  

I-CVI and higher chance agreement. The kappa statistic for most items was within the range of 0.20 to 1. The 

evaluation of the rubric revealed significant insights regarding its content validity, particularly within the idea 

generation dimension. Out of 16 items assessed, 10 demonstrated strong relevance with I-CVI values above 

0.79 and favorable kappa statistics, indicating a high level of expert consensus. However, 6 items (17, 18, 22, 

23, 28, and 29) exhibited lower I-CVI scores ranging from 0.38 to 0.75, necessitating further revisions. 

Notably, 3 of these items had kappa statistics significantly below 0.4, suggesting that their inclusion could 

compromise the overall validity of the rubric. 

The S-CVI for this dimension was acceptable but highlighted potential issues due to the presence of 

several low-scoring items. A higher S-CVI indicates that the rubric effectively captures the intended 

constructs of innovative behavior; however, problematic items can detract from this overall measure [45]. 

The findings underscore the importance of maintaining high standards for item inclusion to ensure that the 

rubric remains a reliable tool for assessing innovative behavior in engineering students. 

The analysis also revealed that items with high I-CVI scores, but low kappa values warrant further 

scrutiny. Such discrepancies suggest that while there may be agreement on an item’s relevance among 

experts, this consensus might not reflect genuine alignment with the construct being measured as highlighted 

by previous research [46], [47]. This dual assessment using both I-CVI and kappa statistics is crucial for 

refining the rubric and ensuring that it accurately reflects innovative behaviors. 

Based on these findings, 9 items (2, 6, 11, 22, 23, 28, 29, 37, and 42) were ultimately removed from 

the instrument due to insufficient expert support (less than 80% consensus). This decision is critical because 

retaining items lacking robust validation could lead to inaccuracies in measuring students’ innovative 

capabilities. The removal process highlights the necessity of a rigorous validation framework that prioritizes 

expert judgment and statistical analysis to enhance content validity. The underlying reason for their removal 

is that items lacking support from at least 80% of experts could lead to inaccuracies or irrelevant data in the 

instrument, compromising its overall content validity [20], [48]. 

 Additionally, modifications were made to several items based on expert recommendations to 

improve clarity and reduce redundancy. Research by Lorenzo-Seva and Ferrando [49] emphasized that it is 

crucial to minimize redundancy while maintaining reliability in the development of the instrument. Thus, 

Izah et al. [50] recommended methods such as item analysis and optimization can minimize redundancy and 

improve homogeneity, ensuring that tests are both reliable and efficient. For instance, item 17 (generates a 

wide range of diverse and unconventional ideas before narrowing down the options) and item 18 

(demonstrates skill in selecting a smaller number of promising solutions for further evaluation and 

development) were combined after experts noted their similar content. This streamlining process is essential 

for ensuring that each item distinctly assesses a specific aspect of innovative behavior without overlap [51]. 

Despite receiving a favorable CVI score, item 33 (explain clear prospect of solutions to achieve goals in well-

defined steps) was flagged by expert feedback. This suggests that the item may not align well with the overall 

construct or could be redundant within the context of the assessment tool. 

Overall, the iterative process of item refinement and expert validation demonstrates a commitment 

to methodological rigor in developing an effective assessment tool. The final 35-item rubric represents  

a validated measure capable of accurately assessing innovative behavior among polytechnic engineering 

students, as shown in Table 9. By employing both I-CVI and kappa analyses throughout this process,  

the study ensures that the rubric not only aligns with theoretical constructs but also meets practical  

validation standards. This combined strategy improves the reliability and usability of the rubric in different 

contexts [52], [53]. 
 

 

Table 9. Summary of item amendments 

Dimensions 
Item number Total number 

items Remain Revise (combine) Remove 

Problem recognition 1, 3, 4, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16  2, 5, 11 13 

Idea generation 19, 20, 21, 24, 25, 26, 27, 30, 31, 32 17 and 18 22, 23, 28, 29 11 

Idea implementation 34, 35, 36, 38, 39, 40, 41, 43, 44, 45, 46  33, 37, 42 11 
Total remaining items 35 
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Contextually, these findings align with existing literature emphasizing the importance of structured 

rubrics in educational assessments. Previous studies have indicated that traditional self-reported measures can 

introduce significant biases, undermining the validity of evaluations [54], [55]. By employing a rigorous 

validation process [56]; involving expert review and statistical analysis, this study addresses these concerns, 

providing a more objective framework for assessing innovative behaviors in engineering students. 

The implications of these findings are profound for both educators and students. For educators, the 

validated rubric serves as a reliable tool for evaluating student performance in innovative behavior, fostering a 

more systematic approach to assessment that aligns with educational goals. It allows instructors to provide 

targeted feedback based on specific criteria, ultimately enhancing teaching practices and supporting student 

learning outcomes. For students, understanding how their innovative capabilities are assessed can promote 

self-reflection and encourage them to engage more deeply with their learning processes. Supporting literature 

reinforces these findings, Yusop et al. [57] highlights that clear assessment criteria are essential for promoting 

student engagement and improving learning outcomes. Transparent assessments evaluate student abilities and 

inform teaching methods, providing feedback that improves instruction and supports learning. Furthermore, 

Brookhart et al. [58] discusses that using rubrics in higher education boosts student motivation and academic 

performance. It also provides constructive feedback and increases interest in scientific literature. 

Additionally, this research highlights the importance of ongoing enhancement of assessment 

instruments. The detection and elimination of items with low I-CVI scores not only simplifies the rubric but 

also guarantees that it stays concentrated on evaluating pertinent constructs. This process of iterative 

refinement is crucial for upholding high standards in educational evaluations and making certain that they 

truly represent students’ abilities [59]. To sum up, this study makes a substantial contribution to the 

discussion surrounding the evaluation of innovative behavior in engineering education by introducing  

a validated tool that improves both teaching methods and student involvement. As industries progressively 

seek graduates capable of creative thinking and the application of innovative solutions, resources such as the 

innovative behavior assessment rubric will be essential in equipping students for upcoming challenges. 

 

 

4. CONCLUSION 

This study aimed to address the critical need for effective measurement tools in assessing innovative 

behavior among polytechnic engineering students. The findings confirm that the developed innovative 

behavior assessment rubric is a valid and reliable instrument for evaluating key dimensions of innovation—

problem recognition, idea generation, and idea implementation. The rigorous content validation process, 

which included expert reviews and statistical analyses using the I-CVI and kappa statistics, demonstrated 

strong expert consensus on the relevance of most items, with an overall S-CVI of 0.85 indicating high 

content validity. By employing a robust validation process using S-CVI, I-CVI, and kappa analysis, we 

ensured that the items selected for the rubric align with expert consensus and reflect the essential components 

of the innovative behavior construct. The results align with the expectations set forth in the introduction, 

emphasizing the importance of structured rubrics in enhancing assessment quality and reducing biases 

associated with self-reported measures. By systematically evaluating students’ innovative capabilities 

through clear criteria, this rubric not only supports educators in identifying and nurturing students’ potential 

but also fosters an environment conducive to creativity and problem-solving. Furthermore, the iterative 

process of refining items based on expert feedback underscores the commitment to methodological rigor in 

developing assessment tools. The removal of nine items that did not meet the established validity thresholds 

ensures that the final rubric remains focused and effective. This careful curation enhances the overall 

reliability of the instrument, thereby contributing to its practical application in educational settings. Moving 

forward, once this rubric is finalized through additional phases like face validation, criterion validation, and 

practical testing, it is expected to provide educators with a clear, focused, and comprehensive tool. This tool 

will be vital for evaluating the different dimensions of innovative behavior in students, ensuring that the 

evaluation is accurate and aligned with the specific goals of educational programs aimed at fostering 

innovation. Looking ahead, the findings from this study pave the way for future research into the application 

and effectiveness of the rubric across diverse engineering contexts. 

Further studies could explore how this assessment tool influences student learning outcomes and 

engagement in innovative projects. Additionally, expanding its use to other educational institutions could 

provide valuable insights into its adaptability and effectiveness in measuring innovative behavior beyond 

polytechnic settings. Despite the promising results, this study has some limitations that should be 

acknowledged. Firstly, relying on expert judgment for content validation introduces the potential for 

subjective bias. Even though efforts were made to ensure a diverse panel of experts, the opinions of a limited 

number of evaluators may not fully capture all perspectives. Additionally, while the S-CVI, I-CVI, and kappa 

analyses provide strong statistical support for content validity, they do not address other aspects of validity, 

such as criterion-related validity, face validity, and reliability testing. The study was limited to content 
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validation, so the tool has yet to be tested for how well it measures innovative behavior in practice. 

Furthermore, the tool was developed specifically for polytechnic engineering students, which may limit its 

generalizability to other disciplines or educational settings. The constructs of innovative behavior—problem 

recognition, idea generation, and idea implementation may manifest differently across fields, which could 

require adjustments to the tool’s content and structure. Additionally, the elimination of certain items, while 

statistically justified, might result in omitting potentially important aspects of innovative behavior that were 

not captured by the retained items.  

Future research should focus on validating the tool in real-world settings to assess its practical 

applicability and ensure construct validity. Implementing the tool in diverse educational institutions, both 

within and beyond polytechnic contexts, will help determine its generalizability and reliability across 

different populations. Further studies could explore whether the current constructs of innovative behavior are 

sufficient or if additional dimensions, such as collaboration or adaptability, must be integrated into the tool. 

In addition, future research should consider conducting the rubric alongside existing innovation assessment 

tools in the same population to compare their results. This could include analyzing how well the rubric 

performs relative to established creativity or innovation measures regarding reliability, ease of use, and 

comprehensiveness. Gathering feedback from educators on the rubric’s practicality and impact is encouraged. 

Conducting surveys to assess its ease of use and clarity will provide insights into improving it as a classroom 

assessment tool. By proposing these future studies, the paper can highlight a clear path for further 

development and refinement of the rubric. These studies will not only strengthen the theoretical and 

empirical foundation of the tool but also extend its applicability, making it a robust and versatile instrument 

for assessing innovative behavior in various educational and professional contexts. In summary, this research 

not only fills a critical gap in engineering education assessment but also offers a robust framework for 

evaluating innovative behaviors that are essential for success in today’s dynamic technological landscape. 

The implications of this study extend beyond immediate educational practices, contributing to broader 

discussions on quality assurance and accountability in higher education. 
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