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Final-year engineering projects offer opportunities to observe how 

students recognise problems, develop ideas, and put solutions into 

practice. This study profiled innovative behaviour among 153 final-year 

diploma students from three Malaysian Premier Polytechnics, 

representing Civil, Electrical, and Mechanical Engineering. Students 

were assessed using the previously developed and validated 26-item 

Innovative Behaviour Assessment Rubric. Rasch person measures were 

used to describe overall performance, construct sample-referenced 

profiles, and examine differences by gender, department, and 

polytechnic. The mean person measure was 0.02 logits (SD = 2.88). 

Person reliability was 0.95 and separation was 4.55, indicating 

approximately six distinguishable ability strata. Using predefined z-

score boundaries of ±0.5, 49 students (32.0%) were classified as High, 

54 (35.3%) as Moderate, and 50 (32.7%) as Low. The distribution was 

therefore relatively balanced, with a slightly larger Moderate group. A 

sensitivity analysis using ±1.0 boundaries placed more students in the 

Moderate category, showing that the profiles depended on the 

classification rule. On the common 26-item Wright Map, several of the 

most difficult criteria concerned advanced problem recognition, 
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particularly the clarification and justification of project objectives. 

Several implementation criteria were less difficult. Subgroup tests 

detected no statistically significant differences by gender, department, 

or polytechnic; these results do not establish equivalence between 

groups. The findings identify specific behaviours that may warrant 

closer attention during project supervision, especially problem framing 

and objective refinement. The profiles can inform formative feedback 

and curriculum planning, provided that High, Moderate, and Low are 

interpreted relative to this sample rather than as externally established 

proficiency standards. 
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Introduction  

 

Innovation has become a central competency in engineering education as graduates are 

increasingly expected to respond to complex problems, generate feasible ideas, and implement 

practical solutions. In technical and vocational education and training (TVET), this competency 

is particularly important because students’ learning outcomes are closely connected to industry 

readiness, applied problem-solving, and the ability to translate knowledge into practical 

solutions. Within Malaysia’s Premier Polytechnics, final-year projects provide an authentic 

context for students to demonstrate innovative behaviour through the identification of 

problems, generation of ideas, and implementation of solutions. 

 

Research on innovation in engineering and TVET education has addressed teaching 

approaches, student creativity, and the development of assessment instruments. A related 

question concerns the performance these instruments reveal: which innovative behaviours do 

students demonstrate, and where do they need further support? A total project score offers 

limited guidance on these questions. Performance profiles can show how students are 

distributed across relative ability levels and identify the criteria they find difficult. This study 

applies an existing rubric to generate such profiles, with the aim of informing final-year project 

supervision and curriculum planning. 

 

The study examined overall innovative behaviour, its distribution across performance profiles, 

and variation across rubric dimensions and student groups. It addressed four research questions: 

• What is the overall level of innovative behaviour demonstrated by engineering students 

in Malaysia’s Premier Polytechnics? 

• How are students distributed across high, moderate, and low innovative behaviour 

performance profiles? 
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• Which dimensions of innovative behaviour are most and least demonstrated by 

engineering students? 

• Are there significant differences in innovative behaviour across gender, department, 

and polytechnic? 

 

The study contributes performance evidence from the application of a previously validated 

rubric in final-year engineering projects. It identifies patterns in Problem Recognition, Idea 

Generation, and Idea Implementation, and relates student ability to the difficulty of individual 

criteria. This application shows how Rasch measures can support decisions about feedback and 

supervision. The contribution lies in interpreting students’ observed performance within the 

participating polytechnics; the present analysis does not repeat the earlier instrument-

development study. 

 

Literature Review  

 

Innovative Behaviour in Engineering Education 

 

Innovative behaviour in engineering education involves the work that leads to a solution as 

well as the completed output. Students need to recognise a relevant problem, consider possible 

responses, and develop a solution within technical and contextual constraints. Design thinking, 

project-based learning, and challenge-based learning give attention to these processes through 

problem identification, ideation, prototyping, testing, and refinement (Nguyện et al., 2025; 

Sukackė et al., 2022; Doulougeri et al., 2024). Assessing innovative behaviour therefore 

requires evidence of how students develop and apply their ideas throughout a project. 

 

The three IBAR dimensions correspond to observable activities in final-year engineering 

projects. Problem Recognition concerns how students identify needs, examine constraints, and 

define a problem. Idea Generation addresses the production, comparison, and refinement of 

possible solutions. Idea Implementation concerns the application of those ideas through 

development, testing, and improvement. Project work brings these activities together over an 

extended period and requires students to draw on technical knowledge while making and 

explaining design decisions. Studies of practice-oriented and project-based learning have 

examined their relationships with engineering identity, future readiness, and learning in project 

management (Ju & Zhu, 2023; Naseer et al., 2025; Afzal & Tumpa, 2025). These settings 

provide a useful context for examining innovation through students’ work, although the 

opportunities and demands of individual projects may differ. 

 

Performance-Based Assessment in Technical and Vocational Education 

 

TVET assessment places considerable emphasis on what students can demonstrate in practice. 

Students must apply their knowledge to tasks that reflect the skills and responsibilities of their 

field. Competency-based assessment addresses this requirement by linking observable 

performance to intended learning outcomes and professional practice (Yusop et al., 2022). The 

assessment evidence should therefore show how students use their knowledge, not simply 

whether they can recall it. 

 

Practical tasks, projects, and products allow educators to examine the application of learning. 

This relationship between applied learning and competency assessment is reflected in TVET 

literature on assessment approaches and project-oriented learning (Rahman et al., 2022; Yusop 



 
    Volume: 8 Issue: 31 (September 2026) PP. 1762-1782 

1765 
 

et al., 2022). An analytic rubric makes the criteria for judging performance explicit and 

describes what different levels of performance look like (Brookhart, 2013). For innovative 

behaviour, those criteria can direct attention to how a student frames a problem, evaluates an 

idea, or tests a proposed solution. The rubric also gives supervisors a shared basis for feedback. 

Consistent scoring still depends on how raters interpret and apply its descriptors. 

 

Rasch Measurement for Student Performance Profiling 

 

Rubric scores are ordinal: the categories are ordered, but equal numerical differences between 

scores do not necessarily represent equal differences in ability. When the data adequately fit 

the model, Rasch analysis supports interval-level interpretation by estimating person ability 

and item difficulty on a common logit scale (Tennant & Küçükdeveci, 2023; Tesio et al., 2023). 

This provides a way to examine variation in innovative behaviour across the rubric’s observable 

indicators. Applications in physics education and student engagement illustrate the use of 

Rasch measurement for interpreting educational assessments (Planinic et al., 2019; Kuswanto 

et al., 2022). 

 

A Rasch person measure locates a student on the construct defined by the assessment items. 

Item estimates indicate the relative difficulty of demonstrating each behaviour (Tesio et al., 

2023). Person measures may also be grouped for reporting, provided that the classification rule 

is stated clearly. In this study, High, Moderate, and Low denote positions relative to the sample 

mean. These categories aid interpretation but are distinct from the Beginning, Developing, and 

Proficient descriptors used to score individual rubric criteria. 

 

A Wright Map displays person ability and item difficulty on the same scale, allowing the reader 

to examine both the range of performance and the targeting of the assessment (Tesio et al., 

2023). For IBAR, it can identify which criteria are relatively demanding and whether the item 

set covers the observed range of student ability. The ordering describes relative difficulty within 

the assessment; it does not, by itself, establish the sequence in which a student develops 

innovative behaviour. The present study uses this information alongside performance profiles 

to interpret final-year engineering students’ assessment results. 

 

Methodology 

 

This study employed a quantitative performance-based assessment design using Rasch 

measurement to map the innovative behaviour profile of engineering students in Malaysia’s 

Premier Polytechnics. Since the Innovative Behaviour Assessment Rubric had been validated 

in a previous phase, the present study focused on applying the rubric to profile students’ 

innovative behaviour in authentic final-year project contexts rather than re-examining rubric 

development or validation. 

 

Research Design 

 

Innovative behaviour was assessed through observable project performance. This design 

allowed the study to describe overall ability, identify patterns across rubric dimensions, and 

compare student groups by gender, department, and polytechnic. Rasch analysis was used to 

estimate person measures from the ordinal rubric ratings. These measures formed the basis of 

the overall performance profiles and subgroup analyses. 
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Participants 

 

The accessible population comprised 866 final-year diploma engineering students across the 

three participating Premier Polytechnics. A stratified purposive sampling strategy involving 

intact classes was adopted to obtain coverage across institution and engineering department 

while maintaining feasibility for performance-based assessment. The final sample comprised 

153 students from Politeknik Sultan Salahuddin Abdul Aziz Shah (PSA) (n = 53), Politeknik 

Ibrahim Sultan (PIS) (n = 47), and Politeknik Ungku Omar (PUO) (n = 53). The sample 

represented Civil, Electrical, and Mechanical Engineering departments, although Civil 

Engineering was not offered at PIS. Final-year students were purposively selected because their 

project work provided authentic evidence for assessing innovative behaviour across the final-

year project process. 

 

The adequacy of the sample size was evaluated using both Rasch-oriented and power-analysis 

considerations. The primary purpose of the study was to profile students’ innovative behaviour 

using Rasch person measures; therefore, the sample needed to provide sufficient variation in 

student ability to support stable estimates of person ability, item difficulty, and rating-scale 

functioning. The final sample of 153 students across three Premier Polytechnics and three 

engineering departments provided adequate heterogeneity for this profiling purpose. This was 

further supported by the observed person reliability of 0.95 and person separation of 4.55, 

indicating high measurement precision across the sampled ability range. 

 

As a supplementary check for the inferential subgroup analyses, statistical power was examined 

using medium-effect assumptions. For the gender comparison, the achieved sample exceeded 

the approximate minimum sample size required for detecting a medium effect at α = .05 and 

power = .80. Using the actual gender distribution in this study, the achieved power remained 

acceptable for detecting a medium gender effect. For the ANOVA-based comparisons 

involving polytechnic and department, the achieved sample was close to the recommended size 

for detecting medium main effects, although it was more limited for detecting interaction 

effects. Therefore, subgroup comparisons were interpreted cautiously and treated as 

supplementary evidence to the main Rasch-based performance profiling. Overall, the sample 

size was considered methodologically acceptable for the study’s primary profiling aim and 

adequate for supporting cautious interpretation of subgroup patterns. 

 

Instrument 

 

The Innovative Behaviour Assessment Rubric (IBAR) underwent sequential validation before 

its full-scale application. Content validation was initially conducted on a 46-item pool by eight 

experts with relevant expertise in engineering education, final-year project supervision, 

innovation, curriculum development, rubric design and psychometrics. Item relevance was 

evaluated using the Item-Level Content Validity Index (I-CVI), Scale-Level Content Validity 

Index (S-CVI/Ave) and modified kappa. The overall S-CVI was 0.85, with dimensional S-CVI 

values of 0.83 for Problem Recognition, 0.80 for Idea Generation and 0.91 for Idea 

Implementation. Following expert review and item refinement, the content-validation phase 

produced a 35-item rubric (Che Derasid et al., 2025). The rubric refinement involved two main 

stages. First, the 35-item pool produced from content validation was reviewed again by experts 

to examine item clarity, contextual suitability, descriptor quality, and logical progression across 

performance levels. Items that were overlapping, unclear, or less strongly aligned with the 

construct were revised, combined, or removed, reducing the rubric to 30 items. Second, the 30-
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item rubric was piloted and analysed using the Many-Facet Rasch Measurement model to 

examine item functioning, rater consistency, rating-scale performance, and fairness. Based on 

the psychometric evidence and practical considerations, the rubric was further refined into the 

final 26-item IBAR with a three-level rating scale: Beginning, Developing, and Proficient. 

 

Table 1: Structure of the Innovative Behaviour Assessment Rubric 

 

Dimension Number 

of Items 

Main Focus 

Problem 

Recognition 
13 

Problem finding, fact finding, problem definition, user 

needs, and objective clarification 

Idea Generation 7 
Idea exploration, solution evaluation, novelty, feasibility, 

and user-centred design 

Idea 

Implementation 
6 

Action planning, resource use, prototyping, functionality, 

adaptability, and user alignment 

 

Rater consistency had been examined during the prior calibration phase using Many-Facet 

Rasch Measurement with six raters. Individual rater fit statistics were generally close to the 

model expectation, while observed exact agreement was 59.7% compared with 47.6% expected 

agreement. Rater separation was 1.42 with separation reliability of 0.67, and the fixed chi-

square test indicated some systematic variation in rater severity, χ²(5) = 18.0, p < .05. 

Accordingly, these statistics were interpreted as evidence that raters generally applied the rubric 

in model-consistent ways while still exhibiting some differences in scoring severity. Rater 

briefing, calibration exercises, a scoring manual and continued access to the researcher were 

therefore used during full-scale administration to promote consistent interpretation of the 

performance criteria. 

 

Data Collection 

 

Data were collected from Jun 2025 to November 2025, spanning Academic Session I 

2024/2025 and Academic Session II 2025/2026 in the Malaysian polytechnic academic 

calendar. The two-semester administration followed the natural progression of the same student 

cohort throughout the final-year project process. During Academic Session I 2024/2025, when 

the participants were in Semester 4, the Problem Recognition dimension was assessed during 

the problem exploration and project-definition stage. The same students were subsequently 

followed into Semester 5 during Academic Session II 2025/2026, when the Idea Generation 

and Idea Implementation dimensions were assessed as the projects progressed towards solution 

development, prototyping, testing, and completion. 

 

Formal permission was obtained from the relevant authorities and participating institutions 

before data collection. The assessment was coordinated with Heads of Department, Unit 

Penyelidikan, Inovasi dan Komersial coordinators, and final-year project coordinators to 

ensure that rubric administration was aligned with the students’ project milestones. Trained 

supervisors assessed student performance using multiple sources of evidence, including project 

reports, logbooks, prototypes, and observed project activities. Rater briefing and calibration 

were conducted through face-to-face and online sessions, supported by a rater manual to 

promote consistent rubric application. 

 

 



 
    Volume: 8 Issue: 31 (September 2026) PP. 1762-1782 

1768 
 

Data Analysis 

 

Data were analysed using WINSTEPS Rasch Software version 5.11.1, IBM SPSS Statistics 

version 29, and Microsoft Excel 365 version 2604. Rasch analysis was first conducted to 

generate person ability measures from the 26 rubric items. These measures provided calibrated 

logit estimates of students’ innovative behaviour and addressed the research question on overall 

performance level. 

 

Next, Rasch person logits were standardised into z-scores to develop performance profiles. 

Students with z-scores above +0.5 standard deviation were classified as High, those between  

-0.5 and +0.5 standard deviation as Moderate, and those below -0.5 standard deviation as Low. 

This classification was applied to the overall innovative behaviour profile and to dimension-

level profiles for Problem Recognition, Idea Generation, and Idea Implementation. 

 

To facilitate educational interpretation, Rasch person measures were standardised as z-scores 

and classified into three relative performance profiles. Students with z > +0.5 were classified 

as High, those with -0.5 ≤ z ≤ +0.5 as Moderate, and those with z < -0.5 as Low. The ±0.5 SD 

boundaries were specified a priori as a sample-referenced descriptive rule to distinguish 

students performing above, around, or below the sample mean while retaining an interpretable 

central band. This classification was used to support diagnostic profiling of students’ innovative 

behaviour and to help translate Rasch logits into categories that are more meaningful for 

educators and curriculum stakeholders. Therefore, the categories should not be interpreted as 

fixed national proficiency standards or universal Rasch cut-off points. 

 

Dimension-level analysis was conducted to identify which aspects of innovative behaviour 

were most and least demonstrated. The Wright Map was generated in Winsteps using all 26 

items to compare student ability measures and item difficulty estimates on the same logit scale. 

This supported interpretation of both student performance distribution and the hierarchy of 

innovative behaviour indicators. 

 

Subgroup comparisons were conducted using SPSS. An independent samples t-test was used 

to compare male and female students, while two-way analysis of variance was used to examine 

differences across polytechnic and department, including their interaction effect. Assumptions 

of normality and homogeneity of variance were checked before analysis. Statistical 

significance was interpreted with effect sizes, using Cohen’s d for gender comparison and 

partial eta squared for polytechnic and department comparisons. Microsoft Excel was used to 

prepare descriptive statistics and visual displays, including frequency distributions, bar charts, 

and radar charts. 

 

Validity and Methodological Rigor 

 

The assessment design linked the construct to evidence that students produced during their 

projects. IBAR supplied explicit criteria and performance descriptors, while briefing and 

calibration supported raters’ interpretation of those descriptors. Rasch analysis related person 

measures to item difficulty, and the Wright Map helped identify demanding criteria. These 

procedures supported the interpretation of the profiles, subject to the quality of the ratings and 

the fit of the data to the model. As contextualised assessment can include variation unrelated 

to the intended construct, the influence of assessment conditions also warrants attention (Zhai 

et al., 2021). 
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Findings 

 

Demographic Profile 

 

Table 2 summarises the 153 participants. PSA and PUO each contributed 53 students, and PIS 

contributed 47. The sample covered Civil, Electrical, and Mechanical Engineering, with no 

Civil Engineering group at PIS. There were 95 male and 58 female students. The representation 

of institutions and departments provided coverage for the study’s descriptive comparisons, 

although subgroup sizes were unequal. 

 

Table 2: Demographic of Respondents 

 

Institution Department Male (n) Female (n) Total (n) % of Total 

PSA Civil Engineering 5 14 19 35.85% 

Electrical Engineering 11 7 18 33.96% 

Mechanical Engineering 11 5 16 30.19% 

Total PSA 27 26 53 34.64% 

PIS Electrical Engineering 17 9 26 55.32% 

Mechanical Engineering 17 4 21 44.68% 

Total PIS 34 13 47 30.72% 

PUO Civil Engineering 9 9 18 33.96% 

Electrical Engineering 14 6 20 37.74% 

Mechanical Engineering 11 4 15 28.30% 

Total PUO 34 19 53 34.64% 

Overall 95 58 153 100% 

 

Overall Innovative Behaviour Performance 

 

Person measures from the 26-item IBAR had a mean of 0.02 logits (SD = 2.88), ranging from 

-5.28 to +4.86 logits (Table 3). This spread indicates variation in the innovative behaviour 

demonstrated by the sampled students. Person separation was 4.55 and reliability was 0.95. 

The separation index corresponds to approximately six distinguishable ability strata. These 

strata describe measurement discrimination and should be distinguished from the three 

categories used to report the performance profiles. 

 

Table 3: Descriptive Statistics of Students’ Innovative Behaviour 

 

Summary Mean SD 
Logit 

Min 

Logit 

Max 

Person 

Separation 

Person 

Reliability 

Person 0.02 2.88 -5.28 4.86 4.55 0.95 

Item 0.00 2.74 -4.83 4.99 10.86 0.99 

 

Item estimates ranged from -4.83 to +4.99 logits. Item separation was 10.86 and item reliability 

was 0.99, supporting the reproducibility of the estimated item ordering within the analysed 

data. The range included both relatively easy and demanding behaviours. These indices 

complement the item hierarchy but do not, on their own, establish model fit or validity. 
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Student Performance Profile 

 

The overall profile used the predefined z-score boundaries of ±0.5. High, Moderate, and Low 

therefore describe students’ positions relative to the distribution of person measures in this 

sample. 

 

Using the predefined ±0.5 SD classification, 49 students (32.0%) were classified as High, 54 

students (35.3%) as Moderate, and 50 students (32.7%) as Low. Because the classification is 

sample referenced, a sensitivity analysis was conducted using more conservative ±1.0 SD 

boundaries. Under this alternative rule, 34 students (22.2%) were classified as High, 94 

students (61.4%) as Moderate, and 25 students (16.3%) as Low. The main interpretation 

changed from a relatively balanced three-way distribution to a more middle-concentrated 

profile, although the findings still indicate meaningful variation across students’ innovative 

behaviour levels. The results therefore indicate that the performance categories should be 

interpreted as relative diagnostic profiles rather than naturally occurring or externally 

standardised proficiency groups. 

 

The distribution was relatively balanced, although the largest proportion of students was in the 

Moderate category. This suggests that students’ innovative behaviour was spread across 

different ability levels rather than concentrated in a single category. 

 

 
 

Figure 1: Level of Innovative Behaviour 

 

The profile by polytechnic showed that PIS had the highest proportion of High performers, 

PSA had the highest proportion of Moderate performers, and PUO had the highest proportion 

of Low performers. By department, Electrical Engineering recorded the highest number of 

High performers, Mechanical Engineering recorded the highest proportion of Moderate 

performers, and Civil Engineering recorded the highest proportion of Low performers. By 

gender, male students showed a slightly higher proportion in the High category, while female 

students showed a higher proportion in the Low category. However, these descriptive patterns 

were further examined through inferential statistical analysis. 
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Figure 2: Level of Innovative Behaviour Across Polytechnic 

 

 

 
 

Figure 3:  Level of Innovative Behaviour Across Department 
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Figure 4: Level of Innovative Behaviour Across Gender 

 

Dimension-Level Performance 

 

Dimension-level analysis was conducted to determine which dimensions of innovative 

behaviour were most and least demonstrated during final-year project implementation. The 

analysis focused on three dimensions: Problem Recognition, Idea Generation, and Idea 

Implementation. As shown in Table 4, all three dimensions demonstrated acceptable person 

reliability and separation, supporting their use for diagnostic profiling. 

 

Problem Recognition recorded a mean person measure of -0.75 logits, with person separation 

of 2.95 and reliability of 0.90. Idea Generation recorded a mean person measure of -0.11 logits, 

with person separation of 2.65 and reliability of 0.88. Idea Implementation recorded the highest 

mean person measure, with person separation of 2.78 and reliability of 0.89. 

 

Table Error! No text of specified style in document.: Descriptive Statistics By Rubric 

Dimension 

 

Dimension Summary Mean SD 
Logit 

Max 

Logit 

Min 

Person 

Separation 

Person 

Reliability 

Problem 

Recognition 

Person -0.75 2.75 4.48 -5.91 2.95 0.90 

Item 0.00 2.89 3.72 -5.05 11.86 0.99 

Idea 

Generation 

Person -0.11 5.18 6.97 
-

10.97 
2.65 0.88 

Item 0.00 2.02 2.65 -3.23 6.84 0.98 

Idea 

Implementation 
Person 14.61 16.10 41.88 -4.43 2.78 0.89 
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Item 0.00 12.09 20.88 
-

11.89 
6.92 0.98 

 

The reported dimension profiles also differed. Problem Recognition had the largest proportion 

classified as Low. Idea Generation included a larger High group, while a notable proportion 

remained in the Low category. Idea Implementation was concentrated in the Moderate category, 

with relatively few students classified as Low. These patterns describe distributions under the 

dimension-specific classification rules. Evidence about the relative difficulty of particular 

behaviours is considered next using the combined 26-item Wright Map. 

 

Wright Map and Item-Person Distribution 

 

The Wright Map places student ability and item difficulty on the common scale from the 26-

item analysis. The person mean of 0.02 logits was close to the item mean of 0.00 logits. The 

highest person measure, +4.86 logits, was close to the most difficult item estimate, +4.99 logits. 

At the lower end, the minimum person measure of -5.28 logits extended below the easiest item 

at -4.83 logits. The item locations therefore covered much of the observed ability range. The 

means and endpoints suggest broadly suitable targeting, although they do not establish that 

measurement precision was uniform across the scale. 

 

 
 

Figure 5: Person Map Item 

 

Several of the most difficult criteria belonged to Problem Recognition. PRPD5, Clarification 

of Objectives: Timeliness, was the most difficult. It was followed by PRPD3, Clarification of 

Objectives: Achievability; PRPD6, Integration of New Information; PRPF3, Justification of 

Problem Framing; and PRPD2, Clarification of Objectives: Measurability. This ordering 
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identifies advanced problem definition and objective refinement as demanding areas of project 

performance in the sample. 

 

Idea Generation items generally occupied the middle of the hierarchy, while several Idea 

Implementation items were less difficult. The easiest item, however, was PRPF1, Limitations 

of Existing Product, which also belongs to Problem Recognition. Difficulty therefore varied 

within dimensions as well as across them. Students found some basic problem-recognition 

behaviours relatively accessible, while the more advanced clarification and justification criteria 

were demanding. 

 

Subgroup Differences 

 

Subgroup analyses were conducted to determine whether students’ innovative behaviour 

differed significantly across gender, polytechnic, and department. For gender, an independent-

samples t-test showed no statistically significant difference between male and female students, 

t(151) = 0.96, p = .339. Male students recorded a mean logit score of 0.20, while female 

students recorded a mean score of -0.27. The effect size was small, with Cohen’s d = 0.16, 

indicating a negligible practical difference. 

 

Table 5: Estimated Marginal Means of Innovative Behaviour by Polytechnic and 

Department 

 

Polytechnic Department N 
Mean 

(Logit) 
SE 

95% CI 

Lower 

95% CI 

Upper 

PSA 

Civil Engineering 19 0.50 0.67 -0.82 1.82 

Electrical Engineering 18 -0.39 0.69 -1.75 0.97 

Mechanical 

Engineering 
16 -0.50 0.73 -1.5 1.4 

PIS 

Electrical Engineering 26 0.54 0.57 -0.6 1.66 

Mechanical 

Engineering 
21 -0.17 0.64 -1.42 1.09 

PUO 

Civil Engineering 18 -0.82 0.69 -2.18 0.54 

Electrical Engineering 20 0.65 0.65 -0.64 1.94 

Mechanical 

Engineering 
15 -0.47 0.75 -1.96 1.02 

Note. SE = Std. Error; 95% CI = 95% Confidence Interval 

 

A two-way analysis of variance was conducted to examine differences by polytechnic and 

department, including the interaction between both factors. Although some descriptive 

variation was observed across groups, the differences were not statistically significant. The 

analysis showed no significant main effect of polytechnic, F(2,145) = 0.19, p = .83, partial η² 

= .003, and no significant main effect of department, F(2,145) = 0.43, p = .65, partial η² = .006. 

The interaction between polytechnic and department was also not significant, F(3,145) = 1.06, 

p = .37, partial η² = .022. 

 

Overall, the subgroup findings indicate that students’ innovative behaviour did not differ 

meaningfully across gender, department, or polytechnic. Although descriptive patterns were 

observed, the inferential results suggest broadly comparable innovative behaviour performance 

among engineering students across the participating Premier Polytechnics. 
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Discussion 

 

Interpreting the Innovative Behaviour Profile 

 

The Rasch-based profile generated in this study shows that innovative behaviour among 

engineering students in Malaysia’s Premier Polytechnics is measurable, differentiated, and 

unevenly developed. Although students demonstrated innovative behaviour across High, 

Moderate, and Low levels, the largest proportion was located in the Moderate category, with 

the remaining students almost equally distributed between the High and Low groups. This 

pattern suggests that innovative behaviour should not be viewed as a uniform competency 

among final-year engineering students, but as a continuum of ability in which some students 

demonstrate stronger innovation-related behaviours, some perform at a developing level, and 

a substantial group still requires pedagogical support. This finding is consistent with innovation 

theory, which recognises that innovative behaviour is not evenly demonstrated across 

individuals; only some learners consistently initiate, generate, and implement ideas at a high 

level (Anderson et al., 2014; Janssen, 2000; Scott & Bruce, 1994). In TVET engineering 

education, this is significant because the goal is not only to produce technically competent 

graduates, but also to develop students who can engage with authentic problems, generate 

relevant ideas, and implement practical solutions. 

 

The moderate-to-high tendency in the overall profile indicates that final-year project 

experiences provide meaningful opportunities for students to demonstrate innovation-related 

competencies. However, the relatively balanced distribution across performance levels also 

suggests that project exposure alone may not be sufficient to elevate all students to a high level 

of innovative behaviour. This pattern resembles findings from other Rasch-based educational 

assessments, where most learners cluster around moderate competency, while smaller groups 

demonstrate either advanced or weaker performance (Duckett et al., 2019; Planinic et al., 

2019). Therefore, the profile should not be interpreted only as evidence of student achievement, 

but also as diagnostic evidence of unequal readiness. Students at the Low level may require 

structured scaffolding, those at the Moderate level may need targeted enrichment, and High 

performers may benefit from more complex innovation challenges. This interpretation aligns 

with the argument that differentiated instruction is necessary when assessment evidence reveals 

varied student ability levels (Brookhart et al., 2024). 

 

The broad dispersion of innovative behaviour observed in the present study reinforces the value 

of performance-based assessment in engineering education. Final-year and capstone projects 

require students to integrate problem analysis, design decisions, and practical implementation, 

making rubric-based assessment particularly suitable for capturing competencies that cannot 

be represented adequately by written tests alone. Previous engineering capstone work has 

likewise used rubrics to assess graduate attributes such as design, problem analysis, and 

investigation across proposal and final-project activities. Within Malaysian TVET, Ab Rahman 

et al. similarly demonstrated the usefulness of rubric-based performance assessment analysed 

through Many-Facet Rasch Measurement, while also showing that differences in rater severity 

can persist despite common assessment criteria. Together, these studies support interpreting 

IBAR as a diagnostic performance-assessment framework rather than merely a mechanism for 

assigning project marks. 
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No statistically detectable differences in overall innovative behaviour were found by gender, 

polytechnic, or department, and the observed effect sizes were small. These findings describe 

broadly similar group means within the sample. They do not demonstrate that the groups are 

equivalent. Purposive sampling, unequal subgroup sizes, and limited power for interaction 

effects restrict that conclusion. The absence of a Civil Engineering group at PIS also makes the 

institution–department design incomplete. In this dataset, individual profiles and specific rubric 

criteria offer more direct guidance for feedback than the demographic groupings alone. 

 

Although descriptive variations were observed, the inferential results did not indicate 

systematic group-based performance gaps. This may reflect the influence of standardised 

curriculum structures, common final-year project requirements, and shared learning outcomes 

across Malaysian Premier Polytechnics. The non-significant gender difference is also notable 

because engineering remains male-dominated in participation; however, the findings suggest 

that male and female students demonstrated comparable levels of innovative behaviour when 

assessed through performance evidence. This challenges assumptions that innovation ability 

differs inherently by gender in technical fields and supports the view that innovation-related 

performance may be shaped more by learning opportunities and project experiences than by 

demographic characteristics. This finding aligns with studies reporting no significant subgroup 

effects in Rasch-calibrated assessments (Duckett et al., 2020; Kuswanto et al., 2022), although 

it differs from studies that found gender differences in creative self-efficacy or innovation 

confidence (Tekmen-Araci, 2019). Nevertheless, the absence of significant subgroup 

differences does not imply that all students require the same type of support. The individual 

and dimension-level profiles still show meaningful variation, indicating that interventions 

should be designed around performance needs rather than broad demographic categories. 

 

Problem Recognition as the Critical Developmental Gap 

 

Among the three dimensions, Problem Recognition emerged as the most challenging aspect of 

innovative behaviour. This finding is important because problem recognition represents the 

front end of innovation: students must first understand limitations, user needs, contextual 

constraints, and project objectives before they can generate or implement meaningful solutions. 

In final-year project work, weak problem recognition can affect the entire innovation process 

because unclear or poorly framed problems may lead to technically completed but less relevant 

solutions. The result is consistent with engineering and STEM education literature showing 

that students often struggle more with problem framing than with later solution development, 

particularly when dealing with ill-structured or authentic problems (Ernawati et al., 2024; 

Ibrahim et al., 2024; Ridwan et al., 2025; Setiono & Widiningtyas, 2023). 

 

The item hierarchy provides a deeper explanation of this challenge. The most difficult items 

were related to advanced problem clarification and objective refinement, including timeliness, 

achievability, measurability, integration of new information, and justification of problem 

framing. These criteria require students not merely to identify a problem, but to evaluate 

whether the problem is realistic, measurable, evidence-informed, and worth solving within 

project constraints. Such performance demands cognitive and metacognitive control because 

students must regulate their thinking, evaluate evidence, and justify the relevance of their 

project direction. Previous studies suggest that students often move too quickly toward 

solutions before sufficiently analysing root causes or contextual complexity (Tekmen-Araci, 

2019; Zhai et al., 2021). This may explain why simpler recognition tasks, such as identifying 
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limitations of existing products or assessing user needs, were easier than more advanced tasks 

involving justification and objective clarification. 

 

The relative difficulty associated with Problem Recognition is also consistent with engineering 

design research showing that problem framing itself is a learned and demanding competency. 

Svihla et al. used a performance-based assessment of engineering students’ design problem-

framing skills and found that carefully designed authentic challenges supported growth in 

attention to underlying needs, contexts of use, and design function. This comparison is 

particularly relevant to the present finding that advanced clarification, justification, and 

refinement of project problems were among the more demanding IBAR behaviours. Rather 

than indicating a simple lack of creativity, the result suggests that students may require stronger 

scaffolding in the analytical front end of innovation before moving into solution generation and 

implementation. 

 

This finding suggests that the main challenge in developing innovative behaviour is not simply 

whether students can complete or implement a project solution, but whether they can first 

recognise, justify, and frame an authentic problem. In this sense, Rasch-based profiling makes 

visible a developmental gap that may remain hidden if final-year projects are assessed only 

through completed products or overall scores. Polytechnic students may be comfortable with 

practical and technical tasks, but they still require stronger guidance in the earlier analytical 

stage of innovation. Although final-year project structures already position problem definition 

and planning as important early-stage activities, the present findings suggest that students need 

more explicit support in needs analysis, problem validation, project objective refinement, and 

evidence-based justification. Scaffolding tools such as SMART objectives, root-cause analysis, 

user interviews, problem validation templates, and formative supervisor feedback could 

strengthen students’ ability to frame problems before moving into ideation and implementation 

(Amiruddin et al., 2024; Li & Wang, 2021). Without such support, students may produce 

technically functional projects that are weakly grounded in authentic user, industry, or 

contextual needs. 

 

In contrast, Idea Implementation appeared more consistently demonstrated, with most students 

located at the Moderate level and only a small proportion in the Low category. This suggests 

that polytechnic engineering students are generally able to translate ideas into practical outputs, 

reflecting the applied and hands-on orientation of TVET learning. However, stronger 

implementation performance should be interpreted carefully. It does not necessarily mean that 

students achieved exemplary innovation. Rather, many students appeared able to reach 

adequate implementation, while fewer demonstrated advanced refinement, systematic testing, 

optimisation, and iterative improvement. This pattern reflects the “execution gap” in 

engineering education, where students can produce functional outcomes but may struggle to 

move beyond minimum viability toward high-quality innovation (McDonald, 2018; Valtonen 

et al., 2023). Similar findings have been reported in project-based and TVET contexts, where 

learners often complete prototypes but face difficulties in rigorous validation, multidisciplinary 

integration, and sustained refinement (Becker, 2020; Marks & Chase, 2019; Setiono & 

Widiningtyas, 2023). Therefore, implementation should not be assessed merely as product 

completion, but as the ability to apply ideas through planning, testing, adaptation, feedback 

integration, and alignment with authentic needs. This reinforces the need for final-year project 

supervision to include iterative checkpoints, prototype testing, user-centred evaluation, and 

evidence-based refinement. 
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Rasch-Based Profiling for TVET Curriculum Improvement 

 

Rasch-based profiling related student performance to the demands of individual rubric criteria. 

Person reliability of 0.95 and separation of 4.55 indicated that the assessment distinguished 

approximately six ability strata in the sample. This information complements the three 

reporting categories, which deliberately simplify the distribution for interpretation. The value 

of the analysis lies in retaining access to the underlying person estimates and item hierarchy 

when those broad categories are insufficient. Rasch guidance emphasises the interpretation of 

measures, item functioning, and the relationship between persons and items (Bond & Fox, 

2013; Boone & Staver, 2020). High reliability and separation should be considered alongside 

those other sources of evidence. 

 

The Wright Map connected the overall profile to particular teaching concerns. Student and item 

means were close, and the item range covered much of the observed person range. Within that 

range, advanced clarification of problems and objectives was demanding, while several 

implementation criteria were less difficult. A supervisor can use this ordering to identify criteria 

that deserve closer attention across the cohort, then examine each student’s work before 

deciding what support to provide. The hierarchy offers an empirical starting point for 

curriculum discussion. It does not imply that every student experiences the same difficulty or 

that item order represents a fixed developmental sequence. 

 

The High, Moderate, and Low profiles offer a compact way to communicate the Rasch results. 

Their usefulness depends on reporting the classification rule and acknowledging what is lost 

when continuous measures are grouped. In the sensitivity analysis, the Moderate group 

increased from 35.3% under ±0.5 boundaries to 61.4% under ±1.0 boundaries. This change 

reflects the reporting rule, not a change in student performance. For educational decisions, the 

category should therefore be read alongside the person measure, relevant uncertainty, and 

criterion-level evidence. The profiles are suited to describing relative needs within the sample; 

they should not be used as universal pass standards. 

 

The findings support closer attention to the reasoning that precedes solution development. 

Final-year project assessment can make this reasoning visible by requiring evidence of problem 

exploration, user needs, objective clarification, and the consideration of alternative ideas. Later 

checkpoints can focus on testing and the use of feedback to improve a prototype. Structured 

ideation activities, including mind mapping, brainstorming, peer discussion, or TRIZ, are 

possible teaching approaches, but their suitability and effects would need to be evaluated in the 

programme concerned. The contribution of the present profile is to identify where that 

evaluation and instructional attention might begin, particularly in advanced problem 

recognition. 

 

The study has several limitations. Stratified purposive sampling of intact classes provided 

coverage of the participating institutions and departments, but the findings cannot be assumed 

to represent all Malaysian polytechnic engineering students. The performance categories were 

sample referenced and sensitive to the chosen boundaries. Some rater severity differences 

remained in the earlier calibration, and those findings do not establish the absence of rater 

effects during full-scale administration. The relationship between the overall construct and its 

dimensions also requires further examination, including the comparability of dimension-

specific calibrations. Finally, the incomplete institution–department design and the available 

sample limit subgroup inference, especially for interactions. Future studies could use larger 
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independently sampled cohorts, examine changes over time, and undertake criterion-

referenced standard setting to develop educationally defensible proficiency levels. 

 

Conclusion 

 

This study mapped the innovative behaviour of engineering students in Malaysia’s Premier 

Polytechnics using a Rasch-based performance assessment approach. The findings showed that 

students generally demonstrated moderate to high levels of innovative behaviour, with 

approximately six strata of ability identified through Rasch person measures. The common 

item hierarchy identified advanced problem recognition, particularly the clarification and 

justification of project objectives, as a demanding area. Several implementation criteria were 

less difficult, although difficulty also varied within dimensions. Subgroup tests detected no 

statistically significant differences by gender, department, or polytechnic. The findings can 

inform formative feedback and curriculum planning by directing attention to specific 

behaviours observed during final-year projects. Their interpretation remains sample referenced 

and should draw on the underlying project evidence. Future research may extend the profiling 

approach to larger samples, different engineering programmes, and longitudinal assessment to 

examine how innovative behaviour develops over time.  
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