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Abstract 
This research presents the systematic development of the STIL.sg instrument for measuring 

System Thinking and Generic Science Skills in Socio-Technical Inquiry Learning contexts, 

followed by rigorous content validation through structured expert judgment. Using 

Evidence-Centered Design approach, a 27-item multiple-choice instrument was first 

developed based on established theoretical frameworks; the instrument was subsequently 

subjected to content validation by a panel of domain experts. Content validation involved 

five experts from science education, learning evaluation, and pharmacy fields. The Content 

Validity Ratio (CVR) values ranged from 0.68 to 0.94, with an overall Content Validity Index 

(CVI) of 0.784, indicating excellent content validity. Modified Kappa coefficients (κ) ranged 

from 0.65 to 0.89, confirming inter-rater reliability. Physical pharmacy was chosen as the 

application context due to its interdisciplinary nature requiring both systematic thinking 

and fundamental scientific skills. The developed instrument demonstrates strong 

theoretical foundation and expert consensus, providing a tool with strong evidence of 

content validity for measuring complex cognitive skills in applied science education. 

How to cite: Dhina, M. A., Kaniawati, I., Abdullah, A. G., Hasanah, L., & Mubaroq, S. R. (2026). Development and content validation of STIL.sg 

instrument for measuring system thinking and generic science skills in socio-technical contexts. Journal of Environment and Sustainability 

Education, 4(2). 395–403. doi: 10.62672/joease.v4i2.145 

1. Introduction 
The increasing complexity of scientific and technological challenges demands educational approaches that 

develop higher-order cognitive competencies beyond traditional knowledge acquisition. Two critical 
competencies have emerged as essential for 21st-century science professionals: System Thinking and Generic 
Science Skills. System Thinking represents the ability to understand complex phenomena through analysis of 
relationships, patterns, and emergent properties rather than isolated components (Arnold & Wade, 2015). This 
competency enables professionals to address complex challenges such as sustainable development, public 
health crises, and technological innovation that require understanding of multi-level, interconnected systems. 

Generic Science Skills encompass transferable scientific competencies applicable across disciplinary 
boundaries, including systematic observation, logical reasoning, mathematical modeling, and symbolic 
interpretation (Hyytinen et al., 2023). Unlike domain-specific knowledge, these skills provide methodological 
foundations for scientific inquiry regardless of particular subject matter, making them increasingly valuable in 
rapidly evolving technological landscapes where interdisciplinary problem-solving is essential. 

Current educational assessment practices inadequately measure these complex cognitive constructs. 
Traditional approaches typically focus on knowledge recall or isolated skill application, failing to capture the 
integrative nature of higher-order thinking (Koehler et al., 2012). The multidimensional character of both 
System Thinking and Generic Science Skills presents significant psychometric challenges, as these constructs 
encompass multiple cognitive processes that interact in complex ways. Furthermore, existing instruments often 
lack comprehensive validity evidence or are developed for specific contexts with limited transferability across 
educational settings. For instance, while several systems thinking assessment tools have been developed in 
engineering and environmental education contexts (Assaraf & Orion, 2005; Dugan et al., 2022), these 
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instruments are domain-specific and do not adequately capture the full spectrum of Generic Science Skills 
required in applied science settings. Similarly, assessments targeting Generic Science Skills often measure skills 
in isolation rather than in authentic integrative contexts that reflect professional practice. The absence of a 
theoretically grounded, multi-construct instrument validated for applied science education therefore represents 
a critical gap that constrains both research and instructional practice. 

A particularly persistent challenge lies in disentangling domain-specific knowledge from genuinely 
transferable cognitive skills during assessment. Students may demonstrate correct responses by drawing on 
familiarity with subject matter content rather than applying the targeted generic or systemic competencies, 
thereby confounding measurement outcomes (Hyytinen et al., 2023). The issue of transfer further complicates 
assessment design, as skill expression may vary substantially across applied contexts, making it difficult to 
determine whether observed performance reflects stable underlying competencies or context-dependent 
responses. These challenges underscore the necessity for instruments explicitly designed to elicit evidence of 
targeted cognitive processes independent of content familiarity. 

Addressing these gaps requires a principled approach to instrument development that systematically 
connects theoretical constructs to observable indicators within authentic applied contexts. The Socio-Technical 
Inquiry Learning (STIL) framework is particularly well-positioned to address these deficiencies, as it explicitly 
integrates social and technical dimensions in inquiry-based learning while simultaneously targeting the 
development of both System Thinking and Generic Science Skills (Dhina et al., 2024). Unlike domain-specific or 
construct-isolated approaches, STIL's interdisciplinary design creates authentic problem-solving contexts that 
naturally elicit evidence of both cognitive constructs, directly addressing the gap in transferable, multi-construct 
assessment. Building on this theoretical foundation, the STIL.sg instrument was systematically developed to 
provide valid, theoretically grounded measurement of System Thinking and Generic Science Skills within socio-
technical learning contexts, offering a principled response to the identified limitations of existing assessment 
practice. 

Physical pharmacy provides an ideal context for investigating these cognitive skills due to its inherent 
interdisciplinary nature and requirement for both systematic and analytical thinking. This field integrates 
principles from physics, chemistry, biology, and mathematics to understand pharmaceutical formulations and 
delivery systems. The complexity of pharmaceutical systems involving multiple interacting variables, feedback 
loops, and emergent properties naturally requires System Thinking approaches while demanding rigorous 
application of Generic Science Skills in experimental design, data interpretation, and problem-solving. 

The Socio-Technical Inquiry Learning (STIL) approach provides a pedagogical framework that explicitly 
addresses development of higher-order cognitive skills through integration of social and technical dimensions 
in inquiry-based learning (Dhina et al., 2024). STIL recognizes that contemporary scientific challenges require 
understanding of social, cultural, and systemic contexts beyond purely technical solutions. However, evaluating 
the effectiveness of innovative pedagogical approaches requires valid measurement tools that capture complex 
cognitive outcomes. 

This research addresses the critical gap by developing and validating the content of the STIL.sg instrument 
for measuring System Thinking and Generic Science Skills in socio-technical learning contexts. The research 
question is: How can a theoretically grounded and empirically validated measurement instrument be developed 
to assess System Thinking and Generic Science Skills in authentic applied science contexts? 

2. Method 

2.1. Instrument Development Design 
The STIL.sg instrument was developed using Evidence-Centered Design (ECD) principles, which integrate 

cognitive theory, educational assessment, and psychometric modeling to create valid assessments of complex 
competencies (Gomez et al., 2025). ECD emphasizes establishing clear evidentiary arguments connecting 
observable behaviors to underlying cognitive constructs, ensuring that assessment design decisions are 
theoretically justified and empirically supportable. 

The ECD framework requires explicit articulation of three interconnected models. The student model 
defines the knowledge, skills, and abilities being measured, including their internal structure and developmental 
progression. For STIL.sg, this encompasses System Thinking and Generic Science Skills as multidimensional 
constructs with measurable sub-competencies. The evidence model specifies behavioral indicators of targeted 
competencies, establishing logical connections between observable responses and underlying cognitive 
processes. The task model defines assessment situation characteristics that elicit desired evidence, including 
content domains, cognitive demands, and contextual features necessary for valid measurement. 
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2.2. Theoretical Framework and Construct Operationalization 
System Thinking was operationalized through five dimensions based on established frameworks: analysis 

of patterns within systems, prediction of system behavior, identification of system structures, analysis of 
components, and analysis of processes (Arnold & Wade, 2015; Assaraf & Orion, 2005). These dimensions 
capture both analytical and synthetic aspects of systemic cognition, progressing from pattern recognition 
through component analysis to understanding dynamic processes and emergent behaviors. 

Generic Science Skills were operationalized through seven dimensions derived from validated 
frameworks: direct observation, cause-and-effect relationships, indirect observation, logical framework 
application, scale awareness, symbolic language interpretation, and mathematical modeling (Brotosiswoyo, 
2001). These dimensions represent core competencies essential for scientific inquiry across disciplinary 
boundaries, encompassing both observational and analytical capabilities fundamental to scientific practice. 

Physical pharmacy was selected as the content domain because it represents a mature interdisciplinary 
field requiring both System Thinking and Generic Science Skills. Pharmaceutical formulations involve complex 
systems with emergent properties, requiring systematic analysis while demanding rigorous application of 
scientific methodology. Three topical areas provided contextual foundations: tablet manufacturing processes, 
viscosity measurement and rheology, and UV-visible spectrophotometry. These areas represent core physical 
pharmacy competencies while offering rich opportunities for assessing both skill domains in authentic problem-
solving contexts. 

2.3. Item Development Process 
The initial instrument consisted of 27 multiple-choice items distributed across defined skill dimensions. 

Item allocation per indicator was determined by three explicit considerations grounded in established test 
blueprinting principles (Popham, 2010; Nitko & Brookhart, 2011): (1) the theoretical weight of each construct 
dimension, reflecting the relative conceptual complexity and centrality of each skill indicator within the overall 
construct hierarchy; (2) the requirement for adequate content coverage, ensuring that all theoretical 
dimensions received representation proportional to their significance in the construct framework; and (3) 
practical test feasibility, maintaining an instrument length that is manageable for educational administration 
without compromising measurement quality. These three criteria collectively guided the allocation decisions 
documented in the test blueprint, ensuring that the instrument's structure reflects both theoretical priorities 
and practical constraints. Indicators representing broader or more complex cognitive processes such as direct 
observation and cause-and-effect relationships in Generic Science Skills, and component analysis and prediction 
of behavior in System Thinking were allocated more items (3–4 items) to ensure sufficient measurement 
reliability at the indicator level. Indicators with more narrowly defined cognitive demands were allocated fewer 
items (1–2 items), consistent with the principle of proportional representation in test blueprinting (Koehler et 
al., 2012). Each item was constructed using complex, realistic scenarios requiring integration of multiple 
cognitive processes rather than simple recall. Items used authentic physical pharmacy contexts while measuring 
transferable cognitive skills applicable across applied science disciplines. 

Table 1 presents the distribution of items across skill indicators, showing balanced representation of both 
System Thinking and Generic Science Skills dimensions. The distribution ensures comprehensive coverage while 
maintaining feasible instrument length for educational applications. 

Table 1. Distribution of Items by Skill Indicators 
Skill Domain Indicator Items Item Numbers 
Generic Science Direct observation 4 1, 6, 7, 20 
Generic Science Cause-and-effect relationships 4 3, 5, 24, 26 
Generic Science Indirect observation 2 8, 17 
Generic Science Logical framework 2 9, 10 
Generic Science Scale awareness 2 11, 18 
Generic Science Symbolic language 1 12 
Generic Science Mathematical modeling 2 13, 21 
System Thinking Pattern analysis 2 2, 16 
System Thinking Prediction of behavior 3 4, 25, 27 
System Thinking System structure 1 14 
System Thinking Component analysis 3 15, 19, 22 
System Thinking Process analysis 1 23 

 

Distractors were developed based on documented misconceptions and reasoning errors identified in 
research literature, ensuring that incorrect responses reflected genuine alternative conceptions rather than 
arbitrary errors. This approach enhances diagnostic utility while maintaining psychometric quality. 
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2.4. Content Validation Procedure 
Content validation employed structured expert judgment involving five specialists selected for diverse 

expertise: two science education experts, one learning evaluation expert, and two pharmacy experts. This 
composition ensured validation from methodological, pedagogical, and subject matter perspectives, consistent 
with recommendations for complex construct validation (Sireci, 2016). 

The validation process used both quantitative and qualitative approaches. Experts assessed item 
appropriateness using dichotomous format (suitable = 1, unsuitable = 0) across four critical aspects: material 
and content appropriateness, Generic Science Skills test construction quality, System Thinking test construction 
quality, and language and presentation clarity. 

2.5. Data Analysis 
Content validity was evaluated using established quantitative indices. Content Validity Ratio (CVR) was 

calculated using Lawshe's formula: CVR = (ne - N/2) / (N/2), where ne represents validators rating items as 
suitable and N represents total validators. Content Validity Index (CVI) was calculated as the average CVR across 
all aspects. Modified Kappa (κ) coefficients were calculated using the formula: κ = (O  − O e) / (1 − O e), where O  
represents the observed proportion of agreement and O e represents the proportion of agreement expected by 
chance, following the procedure outlined by Ayre and Scally (2014). This index accounts for chance agreement 
among experts, providing a more conservative estimate of inter-rater reliability than raw agreement 
proportions alone. Critical CVR value of 0.573 was used based on revised criteria for five-member expert panels 
(Ayre & Scally, 2014). 

3. Results and Discussion 

3.1. Content Validity Analysis 
Content validation demonstrated strong expert consensus across all evaluated aspects. Table 2 presents 

CVR values for each assessment dimension, showing that all aspects exceeded the critical threshold of 0.573, 
indicating expert consensus that all instrument components were valid and appropriate for measuring targeted 
constructs. 

Table 2. Content Validity Ratio Results 
Assessment Aspect CVR Interpretation 
Clarity of instructions 0.80 Valid 
Material-indicator suitability 0.94 Valid 
System Thinking alignment 0.84 Valid 
Generic Science Skills alignment 0.82 Valid 
Language and illustration clarity 0.76 Valid 
Distractor accuracy 0.68 Valid 
Context-field suitability 0.86 Valid 
Item independence 0.72 Valid 

 

The overall Content Validity Index was 0.784, demonstrating excellent content validity based on 
established criteria requiring minimum CVI of 0.70 for new instruments (Polit et al., 2007). This result indicates 
strong expert agreement that the instrument comprehensively and appropriately measures targeted constructs. 
The particularly high CVR for material-indicator suitability (0.94) suggests that experts strongly agreed that 
physical pharmacy contexts appropriately reflect the cognitive skills being assessed. 

Modified Kappa coefficients ranged from 0.65 to 0.89 across different aspects, all exceeding the minimum 
value of 0.60 recommended for higher-order cognitive skill instruments. These results confirm reliable inter-
rater agreement beyond chance levels, strengthening confidence in validation outcomes.  

3.2. Expert Feedback and Instrument Refinement 
Beyond quantitative assessment, experts provided substantial qualitative feedback that informed 

instrument refinement. Table 3 summarizes the key thematic areas of expert feedback, reflecting four domains 
of concern: language accessibility, visual clarity, distractor quality, and cognitive load balance. 
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Table 3. Summary of Expert Qualitative Feedback Themes 
Theme Nature of Feedback Items Affected Action Taken 
Language 
accessibility 

Syntactic complexity reduced 
readability 

6 items Sentence restructuring while preserving 
cognitive demand 

Visual clarity Spatial/procedural context needed 
illustration 

4 items Visual illustrations added 

Distractor quality Distractors lacked plausibility or 
discriminative power 

12 options Reformulated based on documented 
misconceptions 

Cognitive load 
balance 

Uneven complexity across skill 
dimensions 

5 items Cognitive complexity adjusted 

 

These recommendations were systematically implemented through comprehensive revision processes 
following established best practices in educational assessment development. 

Language simplification involved restructuring complex sentences while maintaining cognitive demands, 
ensuring accessibility without compromising measurement objectives. This balance is critical for ensuring 
accessibility without compromising measurement objectives across diverse student populations (Echevarrí a-
Guanilo et al., 2017). Recent validation studies have similarly emphasized the importance of linguistic clarity in 
complex cognitive assessments, particularly when measuring higher-order thinking skills across diverse student 
populations (Roebianto et al., 2023). Visual illustrations were added to clarify spatial relationships and 
procedural contexts, particularly for items involving equipment operation or system configuration. 

Distractor refinement focused on enhancing plausibility while ensuring clear discrimination between 
correct and incorrect responses based on targeted competencies. The systematic development of distractors 
based on authentic misconceptions ensures that incorrect options represent genuine alternative reasoning 
paths rather than arbitrary errors, consistent with contemporary best practices in assessment design (Swanson 
& Case, 2018). The expert feedback revealed important insights about the challenges of measuring complex 
cognitive skills through multiple-choice formats, emphasizing the importance of authentic contexts that require 
genuine application of targeted skills rather than superficial recognition.  

The expert feedback also illuminated an important theoretical point regarding the relationship between 
domain-specific context and generic cognitive skill measurement. The exceptionally high CVR for material-
indicator suitability (0.94) provides compelling evidence that physical pharmacy functions not as a confounding 
variable, but as an active facilitator of authentic skill expression in both System Thinking and Generic Science 
Skills. This finding resolves a central tension inherent in context-dependent skill assessment namely, whether 
authentic domain contexts facilitate or impede the measurement of transferable competencies with expert 
consensus firmly supporting the facilitative role of domain context in this instrument's design. 

Rather than constraining skill expression, the interdisciplinary nature of physical pharmacy integrating 
principles from physics, chemistry, biology, and mathematics actively creates conditions that demand both 
systemic reasoning and generic scientific competencies, thereby facilitating rather than impeding the authentic 
expression of the targeted cognitive skills. Domain context, when sufficiently complex and integrative, does not 
merely serve as a neutral backdrop; it functions as a generative scaffold that amplifies the cognitive demands 
aligned with System Thinking and Generic Science Skills. Experts' strong consensus on context suitability further 
confirms that students engaging with physical pharmacy problems must necessarily apply the targeted 
competencies, rather than relying on content familiarity alone, ensuring that the assessment captures genuine 
skill expression across diverse learners. This synergy between domain context and generic skill assessment 
represents a substantive theoretical contribution, providing empirical support for the broader argument that 
strategically selected authentic applied contexts actively strengthen rather than merely preserve the validity of 
complex cognitive skill measurement (Hyytinen et al., 2023). 

3.3. Theoretical Implications for Construct Validation 
The successful content validation provides substantial support for the theoretical frameworks underlying 

both System Thinking and Generic Science Skills constructs. The strong expert consensus on System Thinking 
dimensions (CVR = 0.84) validates the comprehensive synthesis which identified systems thinking as 
encompassing multiple interconnected cognitive processes rather than a unitary ability (Arnold & Wade, 2015). 
This finding contributes to ongoing theoretical developments about the multidimensional nature of systems 
thinking in educational contexts, supporting recent empirical work conducted through systematic literature 
review revealing that effective systems thinking assessment requires attention to both technical and contextual 
considerations (Dugan et al., 2022). 

The validation results also align with contemporary research on systems thinking measurement. Scenario-
based assessments effectively capture the complexity of systems thinking through authentic problem-solving 
contexts, supporting the current study's use of physical pharmacy scenarios (Wilson & Notebaert, 2018). 
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Similarly, questionnaire-based approaches for measuring students' engagement with systems thinking provide 
convergent evidence for the multidimensional conceptualization employed in the STIL.sg instrument (Camelia 
& Ferris, 2018). 

The equally strong validation of Generic Science Skills dimensions (CVR = 0.82) supports the established 
framework while extending it to contemporary educational contexts (Brotosiswoyo, 2001). This validation is 
particularly significant given the ongoing emphasis on transferable competencies in modern science education. 
The expert consensus suggests that these skills retain sufficient coherence to warrant assessment across 
disciplinary boundaries while maintaining relevance to specific applied contexts, consistent with recent findings 
in higher education that emphasize the importance of generic skills development (Hyytinen et al., 2023). 

The exceptionally high CVR for material-indicator suitability (0.94) provides strong evidence for the 
construct validity of using interdisciplinary contexts for cognitive skill assessment. This finding supports the use 
of physical pharmacy as an appropriate context for measuring both systematic and analytical thinking skills, 
contributing to discussions about optimal contexts for assessing complex cognitive competencies in higher 
education settings. Recent research in pharmacy education has similarly demonstrated the value of integrated 
approaches that combine theoretical knowledge with practical application skills, particularly in physical 
examination and clinical assessment contexts (Porcino et al., 2019). 

3.4. Methodological Contributions to Educational Assessment 
The validation results demonstrate the utility of Evidence-Centered Design principles for developing 

assessments of complex cognitive skills in applied science contexts. The systematic approach to linking 
theoretical constructs with observable indicators addresses concerns about the validity of educational 
assessments, particularly in higher-order thinking domains where traditional approaches often prove 
inadequate. This aligns with recent advances in ECD applications, where successful application of ECD principles 
in computer science education showed that the framework effectively supports assessment development for 
complex, multi-part competencies (Newton et al., 2021). 

The expanded Evidence-Centered Design framework provides additional theoretical support for the 
approach taken in this research (Arieli-Attali et al., 2019). Their e-ECD framework explicitly incorporates 
learning goals and processes within assessment design, demonstrating how ECD can be extended beyond 
traditional testing applications to support integrated learning and assessment systems. This theoretical 
development validates the current study's emphasis on connecting assessment design with educational 
objectives in the STIL context. 

The comprehensive expert validation process employed in this research extends methodological 
approaches typically used in instrument development by incorporating multiple perspectives across 
disciplinary and methodological domains. The Modified Kappa coefficients ranging from 0.65 to 0.89 provide 
robust evidence of inter-rater reliability that meets established standards for educational assessment validation 
studies (Polit et al., 2007). Recent methodological advances in content validity assessment have emphasized the 
importance of such multi-source validation approaches, particularly for instruments measuring complex 
constructs (Dalawi et al., 2023). 

The systematic integration of quantitative and qualitative validation evidence represents an important 
methodological approach in instrument development practices. While many validation studies rely primarily on 
quantitative indices, the qualitative expert feedback provided critical insights that informed both immediate 
instrument improvement and future development considerations. This mixed-methods approach aligns with 
contemporary validity frameworks that emphasize multiple sources of evidence for supporting test score 
interpretations, as advocated by leading assessment researchers (Shute & Becker, 2010). 

3.5. Practical Implications for Educational Practice 
The validated instrument addresses critical gaps in educational assessment by providing concrete tools 

for measuring cognitive outcomes increasingly emphasized in science education reform initiatives. The 
instrument enables educators to evaluate student development in complex thinking skills that are essential for 
contemporary scientific and technological challenges but are rarely assessed comprehensively in traditional 
educational settings. This capability has important implications for curriculum alignment and instructional 
effectiveness evaluation, particularly given recent developments in science assessment that emphasize three-
dimensional learning and authentic problem-solving contexts (Songer, 2015). 

The authentic contexts employed in assessment items provide models for curriculum development and 
instructional design that emphasize application of cognitive skills in meaningful professional contexts. The 
physical pharmacy contexts used in the instrument demonstrate how discipline-specific content can serve as 
vehicles for developing and assessing transferable cognitive competencies, supporting integrated approaches 
to science education. This approach aligns with recent trends in pharmacy education that emphasize the 
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integration of theoretical knowledge with practical skills, as demonstrated in physical examination training and 
clinical assessment programs (Terras et al., 2024). 

Recent research in content validity methodology has emphasized the importance of context-appropriate 
assessment design, particularly for professional competencies that require integration of knowledge and skills 
(Ruiz Moral et al., 2019). The current validation results support this perspective by demonstrating that physical 
pharmacy provides an authentic and valid context for measuring both System Thinking and Generic Science 
Skills. 

The validation results also inform discussions about competency-based education approaches that 
emphasize skill development alongside knowledge acquisition. The instrument provides concrete 
operationalizations of complex competencies that are often described in abstract terms in educational policy 
documents, enabling more precise curriculum design and assessment practices that align with contemporary 
educational objectives. This operational clarity is particularly important in applied science fields where 
competency-based approaches are increasingly adopted to ensure graduates possess the skills necessary for 
professional practice. 

3.6. Limitations and Future Directions 
Several limitations constrain the interpretation and application of these findings. The content validation 

approach, while methodologically sound, reflects expert consensus rather than empirical evidence of construct 
validity or student response processes. The five-member expert panel, though diverse, represents a limited 
perspective that may not generalize across international contexts or emerging theoretical developments. The 
exclusive use of physical pharmacy contexts raises questions about transferability to other applied science 
domains, particularly given that the theoretical frameworks assume universal applicability of cognitive 
constructs. Additionally, the multiple-choice format may privilege recognition over the constructive and 
collaborative dimensions of authentic systems thinking, potentially underrepresenting the complexity these 
skills demonstrate in professional practice. 

Future research should address these limitations through comprehensive psychometric validation 
including cognitive interviews to examine response processes, differential item functioning analyses across 
diverse populations, and criterion validity studies linking performance to authentic problem-solving outcomes. 
Cross-cultural validation studies are essential to establish broader applicability of both theoretical frameworks 
and assessment methodology. The development of complementary assessment modalities that capture 
constructive aspects of systems thinking would strengthen the overall measurement approach and provide 
convergent evidence for the validity of the cognitive constructs underlying this research. 

4. Conclusion 
This research successfully developed and content-validated the STIL.sg instrument for measuring System 

Thinking and Generic Science Skills in socio-technical learning contexts. The Evidence-Centered Design 
approach provided robust theoretical foundations while systematic expert validation confirmed content 
appropriateness across multiple dimensions. Content validity results, with CVR values ranging from 0.68 to 0.94 
and overall CVI of 0.784, demonstrate excellent validity according to established criteria. 

The instrument addresses critical gaps in educational assessment by providing validated tools for 
measuring complex cognitive skills essential for contemporary science and technology professionals. The use of 
physical pharmacy contexts proves appropriate for demonstrating both System Thinking and Generic Science 
Skills while maintaining potential for transferability across applied science disciplines. Expert consensus across 
methodological, pedagogical, and subject matter perspectives strengthens confidence in the instrument's 
theoretical grounding and practical utility. 

The successful content validation establishes essential foundations for comprehensive instrument 
validation and educational implementation. Future research should focus on psychometric validation through 
empirical testing to complete the instrument development process and enable widespread educational 
application. The methodological approach demonstrated in this research provides a model for developing valid 
assessments of complex cognitive competencies in authentic educational contexts. 

The STIL.sg instrument represents a novel contribution to educational assessment in several 
interconnected ways. First, it integrates two distinct higher-order constructs System Thinking and Generic 
Science Skills within a single, coherently designed instrument, addressing the longstanding tendency in 
assessment practice to measure these competencies in isolation. Second, it situates this measurement within a 
meaningful socio-technical context, recognizing that authentic cognitive skill expression requires engagement 
with problems that simultaneously demand technical reasoning and awareness of broader systemic 
relationships. Third, it achieves this integration through a principled Evidence-Centered Design framework, 
ensuring that every design decision from construct operationalization to item construction and validation is 
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theoretically justified and empirically supportable. Together, these features position STIL.sg not merely as a 
content-valid measurement tool, but as a methodologically principled instrument capable of advancing both 
assessment practice and theoretical understanding of complex cognitive competencies in applied science 
education. 
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