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Abstract 

The urgency of this study lies in the need for an innovative and feasible Project-Based 

Learning (PjBL)-based electronic portfolio assessment that can authentically measure 

students’ creative thinking skills in understanding the abstract and complex concepts of 

chemical bonding. Creative thinking is a core dimension of Higher Order Thinking Skills 

(HOTS) that remains difficult to cultivate in chemistry instruction, particularly on the abstract 

topic of chemical bonding, where conventional written assessments have yet to 

accommodate authentic, process-based evaluation of students' creative thinking. This study 

employed a Research and Development (R&D) approach based on the 4D model, limited to 

the define, design, and develop stages, to develop and test the feasibility (validity and 

reliability) of a Project-Based Learning (PjBL)-based electronic portfolio assessment 

instrument for evaluating students' creative thinking skills in chemical bonding. Content 

validity was examined through expert judgment involving five validators, comprising three 

chemistry education lecturers and two chemistry teachers, using the Content Validity Ratio 

(CVR), while inter-rater reliability was examined through the Intraclass Correlation 

Coefficient (ICC) Two-Way Mixed-Effects Model of Consistency involving five raters who 

scored the work of 19 students selected through total sampling. The results show that the 

PjBL-based electronic portfolio assessment instrument possesses highly adequate quality, 

with a perfect CVR value of 1.00 (Valid) for all task items. Furthermore, the inter-rater 

reliability test showed consistent stability, with ICC values ranging from 0.949-0.981 

(excellent) for Task 1 (Open-Ended Essay), 0.866-0.942 (good to excellent) for Task 2 

(Concept Map), and 0.850-0.936 (good to excellent) for Task 3 (Digital Poster). The 

resulting instrument offers teachers a systematic and objective alternative for assessing 

creative thinking through project-based tasks, encourages students' active engagement and 

self-reflection through digital portfolios, and provides a validated reference for future 

development of technology-based authentic assessment in science education. 
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Introduction 

Chemistry instruction at the senior high school level plays a crucial role in laying the 

foundation of students' scientific knowledge, particularly for abstract topics. Through this 

subject, students are guided to understand the phenomena of matter, microscopic concepts, 

and logical, systematic patterns of reasoning. Chemistry is not merely regarded as the mastery 

of formulas or rote cognitive theory, but rather as a strategic medium for training higher order 

thinking skills (HOTS), problem solving, and scientific literacy (Huda et al., 2025). The 

characteristics of the modern curriculum demand that science learning take place actively, with 

students directly involved in constructing understanding through contextual and meaningful 

learning experiences. Within this learning ecosystem, assessment becomes an integral 
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component for measuring the attainment of established instructional objectives. Assessment is 

a systematic process encompassing the collection, analysis, and interpretation of information to 

inform educational decision-making, serving both an evaluative and a diagnostic function as a 

means of providing feedback. 

In line with these developments, the Merdeka Curriculum directs learning toward a student-

centered orientation with a stronger emphasis on creative thinking skills. Grounded in 

constructivist theory, students' knowledge is formed through direct experience and active 

interaction with their cognitive environment, allowing them to process information through 

inquiry and independent reconstruction of ideas. Creative thinking, as part of the HOTS 

dimension, plays an important role in helping students understand concepts in depth while 

formulating innovative solutions to problems. Creative thinking is the ability to generate various 

alternative solutions to a problem, centered on four key indicators: fluency, flexibility, originality, 

and elaboration. This cognitive capacity is rooted in Williams' theory, which asserts that creativity 

is not a static innate potential but a cognitive capacity that can be nurtured and developed 

through structured learning scenarios. 

Although fostering creativity has become a mandatory outcome under curriculum 

regulations, its implementation in the field still faces obstacles due to the abstract nature of 

chemistry content, chemical bonding being a prime example. This topic requires students to 

integrate basic concepts, differentiate the characteristics of substances, and connect the three 

levels of chemical representation (macroscopic, microscopic, and symbolic) with everyday 

phenomena. Empirical evidence in the field, however, shows that students frequently experience 

significant difficulty in distinguishing the characteristics of ionic and covalent bonds and relating 

them to the physical properties of compounds the previous studied reported the occurrence of 

misconceptions that leave students' understanding of chemical bonding shallow (Hendrawani, 

2023). This phenomenon is reinforced by the findings of previous studied regarding 

misconceptions in the concept of covalent bonding (Istiqomah et al., 2021). And further 

supported by the another studies which confirm that difficulties in understanding chemical 

bonding remain widespread among students (Warsito et al., 2020; Zulkhairi, 2022). 

This weak conceptual understanding and limited creative thinking skill are further 

compounded by a school evaluation system still dominated by conventional methods. The 

assessments applied by teachers generally rely on written tests that measure only cognitive end 

results (assessment of learning), without being balanced by authentic assessment instruments 

capable of comprehensively capturing students' creative thinking processes and portfolios of 

work. Chemistry instruction consequently becomes trapped in expository methods or theoretical 

drilling that emphasizes rote memorization. Yet stress the importance of shifting the function of 

evaluation toward assessment for learning, serving as a formative feedback instrument 

throughout the learning process, as well as assessment as learning, which trains students' 

capacity for independent self-reflection (Rutherford et al., 2025). Further add that school 

assessment should not merely pursue a summative-administrative function to produce final 

grades, but should instead be directed toward formative assessment that supports the ongoing 

development of students' individual competencies (Ramasari et al., 2024). 

This problem of conventional evaluation was confirmed by a preliminary study consisting 

of interviews with a chemistry teacher at a public senior high school in Bandung. The teacher 

confirmed that portfolio assessment methods had never been implemented in chemistry 

instruction. The use of digital technology thus far has been limited to facilitating cognitive tests 

via the Google Forms platform to obtain instant scores, as well as using Google Drive to collect 
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independent assignments. This use of digital platforms was judged not yet to touch the essence 

of systematically organized authentic assessment management. The assessment patterns 

consistently used remain limited to Daily Tests and Semester Examinations to measure final 

achievement, so that evaluation of the learning process is neglected, ultimately contributing to 

students' low creative thinking ability. 

As an effort to bridge the gap between the curriculum's ideal demands and classroom 

reality, the Project-Based Learning (PjBL) model can serve as a relevant pedagogical foundation, 

as it actively engages students in collaboratively designing and completing meaningful projects 

(Chang et al., 2024). The PjBL syntax proceeds sequentially through determining a driving 

question, designing the project steps, creating a schedule, implementation and monitoring, 

testing the product outcome, and finally evaluating the experience (Pratiwi & Ikhsan, 2024). 

Through this model, students can visualize the abstract concept of chemical bonding into a 

tangible product that fully connects the three levels of representation of matter (Syahidah & 

Rusmini, 2025; Situmorang et al., 2022). Project design activities require students to generate 

new ideas and original solutions that foster the growth of creative thinking skills (Ernawati et al., 

2023; Pratiwi & Ikhsan, 2024). Furthermore, the PjBL model aligns closely with the principle of 

authentic assessment, as evaluation takes place continuously throughout the project process 

rather than focusing solely on the final outcome (Lestari et al., 2024; Chang et al., 2024). 

However, the implementation of authentic assessments such as portfolios in schools today 

remains limited and largely manual, paper-based practice, making it impractical and failing to 

take advantage of digital technology (Tur et al., 2019). These limitations of physical formats and 

manual feedback constraints can be resolved in the digital era through the use of electronic 

portfolios, or e-portfolios. An e-portfolio is a collection of digital documents and artifacts that 

continuously record students' learning process, reflection, achievement, and competency 

development (Yang et al., 2016). As a modern assessment method, the e-portfolio functions as 

a dynamic medium for providing ongoing feedback rather than merely a static compilation of 

products (Zhang & Tur, 2023; Ariningsih et al., 2021; Aini et al., 2024). The application of e-

portfolios has proven efficient in data storage capacity, facilitates independent reflection through 

digital logs, enhances online feedback interaction, and presents evidence-based assessment 

holistically (Mudau, 2022). 

The successful implementation of e-portfolios will be more optimal when integrated with a 

Learning Management System (LMS) already familiar within the school ecosystem, such as 

Google Classroom. This use of IT-based e-portfolieo media aligns with (Garcia, 2025), Likewise, 

Project-based digital learning tools can effectively support the improvement of students' creative 

thinking skills in chemistry learning (Pane & Simamora, 2025). In addition, research by previous 

studied demonstrates that combining the PjBL model with portfolio assessment offers an 

adaptive alternative for simultaneously measuring learning process and outcomes (Masruroh et 

al., 2024; Haryati et al., 2024; Sari et al., 2023). Global literature further supports this view 

highlights the importance of authentic assessment in measuring the ability to apply knowledge 

to real-world contexts, while previous studied show that the use of electronic portfolio 

assessment in chemistry learning can enhance students' creative thinking skills as well as 

learning outcomes (Edwards et al., 2025). 

In order to objectively measure the creative thinking indicators proposed within PjBL-based 

chemical bonding instruction, this e-portfolio instrument was designed around three interrelated 

task types. The first task consists of open-ended essay questions based on contextual problems 

intended to spark students' critical reasoning in solving real-world issues. The second task 
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involves constructing a concept map based on the principles of previous studied as a 

hierarchical visual representation showing the relationships among sub-concepts through 

propositions, thereby contributing to the development of flexibility and elaboration in creative 

thinking (Novak & Cañas, 2006; Rahmawati et al., 2019). The third task is a Digital Poster serving 

as the final product, integrating text and visual elements to effectively communicate the concept 

of chemical bonding to readers through an engaging and easily understood scientific 

representation (Pedwell et al., 2017). 

The poster assessment rubric in this study was developed based on widely accepted 

principles of effective scientific poster presentation, including the clarity of the title, organization 

of content, visual design, and ease of communication. Furthermore, the assessment indicators 

were formulated based on the principles of analytic rubrics so that each aspect can be evaluated 

objectively, systematically, and consistently across raters (Gosselin & Golick, 2020). The novelty 

of this study lies in the development of a Google Classroom-integrated electronic portfolio 

assessment instrument for the PjBL model, whose feasibility quality is tested comprehensively. 

Testing was carried out through content validation by experts using the Content Validity Ratio 

(CVR) coefficient, as well as an inter-rater reliability stability test using Intraclass Correlation 

Coefficient (ICC) analysis on the results of the three types of student creativity tasks (Ngui et 

al., 2022). This step offers education practitioners an alternative for capturing students' 

authentic creative-thinking profiles digitally, objectively, and systematically. Based on this 

background, the present study aims to develop and test the feasibility of a Project-Based 

Learning (PjBL)-based electronic portfolio assessment instrument to evaluate students' creative 

thinking skills in the topic of chemical bonding. 

Method 

The development of the evaluation instrument in this study applied the Research and 

Development (R&D) method ((Sumarni, 2019). The product developed was an electronic 

portfolio (e-portfolio) assessment based on Project-Based Learning (PjBL) via the Google 

Classroom platform, intended to measure students' creative thinking skills in the topic of 

chemical bonding. The instrument modification process referred to the 4D model, which was 

limited to the third stage, namely develop. This study was limited to the develop stage and did 

not proceed to the disseminate stage for three principal reasons. First, the primary objective of 

this study was to establish the initial feasibility of the instrument namely its content validity and 

inter-rater reliability which must be firmly demonstrated through expert validation and limited 

trial before the instrument can be responsibly disseminated on a wider scale (Thiagarajan, 

1974). Disseminating an instrument whose measurement quality has not yet been empirically 

confirmed risks generating misleading assessment data when applied across broader, more 

heterogeneous settings. Second, dissemination constitutes a substantively different type of 

study, requiring trials across multiple schools and regions with more diverse student and 

teacher characteristics; this research was intentionally scoped to focus on establishing 

instrument feasibility, consistent with common practice in instrument-development research, 

where validation and large-scale implementation are treated as distinct, sequential lines of 

inquiry. Third, the develop stage already yields the core contribution targeted by this research, 

namely a validated and reliable e-portfolio assessment instrument ready for use at the classroom 

level. The dissemination stage is therefore recommended as a direction for future research, 

particularly to examine the instrument's generalizability across a wider range of schools, 

chemistry topics, and student populations. The procedure in this study began with the define 
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stage, followed by the design stage, and concluded with the develop stage, each of which is 

elaborated descriptively below. 

The define stage was carried out through needs analysis, an analysis of the senior high 

school chemistry curriculum, and an analysis of student characteristics to map the problems in 

assessing creative thinking within chemical bonding instruction. The results of this stage served 

as the reference for determining the scope of the material and the assessment objectives. In 

the design stage, an initial e-portfolio draft was prepared on Google Classroom, along with a 

test blueprint, the design of three task types, and the development of an analytic assessment 

rubric. This rubric was developed based on the creative-thinking indicators. which include 

fluency, flexibility, originality, and elaboration. The tasks designed consisted of a contextual 

open-ended essay (Task 1), a concept map (Task 2), and a digital poster (Task 3). The develop 

stage was carried out to test the feasibility of the instrument through validation by an expert 

panel and a limited trial with students to obtain empirical data. 

Logical validation of the instrument draft involved five expert validators serving as expert 

judges. This expert panel consisted of three chemistry education lecturers (each specializing in 

digital learning media, chemistry assessment, and learning innovation models, respectively) and 

two chemistry teachers serving as school practitioners. Input from these experts and 

practitioners was used to refine both the theoretical aspects and the practical feasibility of the 

instrument prior to trial testing. The limited trial was conducted at a private senior high school 

in Bandung, in class XI MIPA 1, which had already covered the topic of chemical bonding. 

Sampling was carried out using a saturated (total) sampling technique, so that all 19 students 

in the class were fully included. The digital task products completed by these 19 students were 

then independently scored by a team of raters to test the reliability of the instrument. 

Data collection techniques in this study included interviews, analysis of learning documents, 

expert validation sheets, and scoring of task products. An initial interview was conducted with a 

chemistry teacher to identify obstacles to assessment in schools. Document analysis was 

carried out on curriculum instruments, including Learning Outcomes (CP), Learning Objectives 

(TP), Learning Objective Flow (ATP), and Learning Objective Achievement Indicators (IKTP). The 

expert validation sheet used a dichotomous "Yes" (appropriate/valid) or "No" 

(inappropriate/invalid) response format to assess three aspects: the alignment between 

indicators and tasks, the alignment between tasks and the rubric, and the alignment between 

tasks and the PjBL model. Meanwhile, the product scoring sheet was used by raters to score 

students' work on the three tasks. 

Data from the interviews and learning documents (CP, TP, ATP, IKTP) were analyzed using 

descriptive qualitative methods as the basis for instrument development. Data from the expert 

validation sheets were analyzed quantitatively using the Content Validity Ratio (CVR) coefficient 

of Lawshe (1975), calculated using the formula: 

𝐶𝑉𝑅 =
𝑛𝑒 −  𝑁/2 

𝑁/2
 

In this formula, the first term denotes the number of validators giving a "Yes" rating, and 

the second denotes the total number of validators. Based on Lawshe's standard, the minimum 

CVR coefficient value for a panel of five validators is 0.99 for an instrument item to be declared 

valid. Subsequently, the reliability of the assessment rubric was calculated based on inter-rater 

consistency using the Intraclass Correlation Coefficient (ICC) of McGraw and Wong (1996, as 

cited in (Koo & Li, 2016). Testing employed the Two-Way Mixed-Effects Model of Consistency 
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using SPSS software. The resulting ICC coefficients were then classified according to the criteria 

presented in Table 1. 

Table 1. Classification Criteria for the ICC Inter-rater Reliability Coefficient 
ICC Value Reliability Criteria 

< 0.50 Low 

0.5–0.74 Moderate 

0.75–0.89 Good 

≥ 0.90 Excellent 

The criteria in Table 1 served as the basis for determining the level of consistency of the 

creative-thinking performance assessment rubric. A high ICC coefficient value indicates that the 

analytic rubric for all three electronic portfolio tasks is consistent, objective, and suitable for 

use, as it can minimize bias in inter-rater scoring. 

Results 

Definition Stage (Define) 

The development of this assessment instrument began with the define stage, carried out 

through curriculum analysis, mapping of actual conditions in schools, and identification of 

teacher and student needs. The partner school has currently implemented the Merdeka 

Curriculum, which requires an in-depth understanding of Learning Objectives (TP). 

Nevertheless, field data gathered through interviews with a chemistry teacher at a senior high 

school in Bandung revealed a conceptual gap. Learning evaluation in the classroom to date has 

still relied on conventional summative multiple-choice tests, while alternative assessment 

models based on digital portfolios had never been attempted. The teacher also confirmed that 

chemical bonding is considered a complex topic because it simultaneously involves three levels 

of representation (macroscopic, microscopic, and symbolic), making it prone to triggering 

misconceptions if not monitored through continuous evaluation. Based on these conditions, a 

structured electronic portfolio assessment tool integrated with digital media was designed to 

document students' creative-thinking profiles. The resulting task analysis produced three forms 

of digital tasks aligned with the Project-Based Learning (PjBL) model: Task 1, an open-ended 

essay based on a contextual problem concerning differences in compound solubility; Task 2, 

the hierarchical reconstruction of a chemical-bonding concept map based on Novak's principles 

(without cross-links); and Task 3, the creation of a group digital poster as the project's final 

product. All of these task drafts were subsequently managed online through the Google 

Classroom platform. 

Table 2. Synthesis of Interview Results with the Chemistry Teacher 
Aspect Synthesis Result 

Chemical bonding 

instruction 

Chemical bonding is abstract, so instruction remains dominated by lectures, discussion, 

practice problems, and simple teaching aids; practicum has not been optimal due to 

facility limitations. 

Learning models 

used 

Teachers use various models, from teacher-centered to PBL and PjBL, but their 

application to chemical bonding remains suboptimal. 

Forms of 

assessment 

Assessment remains dominated by written tests such as daily tests, quizzes, practice 

problems, and semester exams. 

Process 

assessment 

Assessment focuses more on final outcomes, while the learning process has not been 

assessed systematically. 

Creative thinking 

skills 

Students' creative thinking skills are considered to remain at a low to moderate level. 
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Aspect Synthesis Result 

Digital technology 

utilization 

Technology use remains limited to assignment collection via Google Drive and testing 

via Google Forms. 

Electronic portfolio 

assessment 

Teachers have never implemented electronic portfolio assessment, only collecting 

assignments as files. 

Development needs Teachers stated that a PjBL-based electronic portfolio assessment is needed to help 

assess creative thinking skills in chemical bonding. 

Table 2 presents a thematic synthesis of the interview results conducted with a chemistry 

teacher prior to instrument development. The findings indicate that chemical bonding instruction 

remains predominantly conventional and lecture-based, assessment practices are dominated by 

written tests emphasizing final outcomes, and digital technology utilization for assessment 

purposes remains minimal. These findings confirm the existence of a conceptual and practical 

gap that justifies the development of a PjBL-based electronic portfolio assessment instrument 

capable of documenting students' creative-thinking processes in an authentic and systematic 

manner, as well as the teacher's explicitly expressed need for such an instrument. 

Design Stage 

In the design stage, the main focus was on developing the blueprint and initial components 

of the electronic portfolio instrument (Draft I). The first step began with formulating a task 

blueprint specifically designed to map the four aspects of creative thinking: fluency, flexibility, 

originality, and elaboration. In addition, a project-based Student Worksheet (LKM) draft was 

prepared as a technical guide for students, alongside the development of a draft assessment 

rubric equipped with explicit operational descriptors to reduce rater subjectivity. The concept-

map rubric focused on assessing propositions and hierarchical structuring, while the poster 

rubric assessed the elements of title, author identity, content substance, and visual aesthetics. 

Alongside the design of the physical instrument, the researcher also structured the architecture 

of the e-portfolio environment on the Google Classroom platform. All task instructions, 

submission deadlines, and rubric drafts were uploaded to the Classwork menu. This digital-

space management was prepared so that the complete trail of students' digital artifacts could 

be neatly documented. This design stage successfully produced a complete draft of the 

instrument, ready for feasibility testing in the next phase. 

Table 3. Expert Validator Comments and Corresponding Instrument Revisions 
Aspect Revised Validator Input Improvement Made 

Initial PjBL stage in 

the LKPD 

The LKPD had not yet facilitated students 

in posing questions. 

Added a contextual phenomenon and 

scaffolding questions so students could 

formulate a driving question. 

Initial analysis in 

Task 1 

The initial analysis did not yet depict a 

phenomenon close to daily life. 

Added the phenomenon of water, oil, and soap 

along with probing questions to activate 

students' prior knowledge. 

PjBL syntax The tasks did not yet show full alignment 

with PjBL syntax. 

Added a driving question, project-planning 

activities, and connecting narratives so that the 

Task 1 → Task 2 → Task 3 flow aligned with 

PjBL syntax. 

Task 2 (Concept 

Map) 

The concept map did not yet reflect 

project planning and its link to the project 

was unclear. 

Revised the function of the concept map as the 

basis for planning the poster project and 

clarified its connection to the project. 

Assessment rubric The creative-thinking skill indicators 

were not yet clearly reflected in the 

instrument and rubric. 

Aligned the fluency, flexibility, originality, and 

elaboration indicators with each task's 

characteristics and the assessment rubric. 
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Aspect Revised Validator Input Improvement Made 

Presentation of the 

LKPD and 

instrument 

The presentation of questions and 

instructions was not yet sufficiently 

informative. 

Added titles, sources, introductory sentences, 

a sample concept map, poster requirements, 

and completed the LKPD documentation. 

Table 3 summarizes the qualitative feedback provided by the five expert validators during 

the instrument validation process, together with the corresponding revisions made to the 

electronic portfolio instrument and its accompanying LKPD. The feedback predominantly 

concerned strengthening the alignment between each task and the syntax of PjBL particularly 

the explicit presentation of a driving question in Task 1 clarifying the role of the concept map as 

a problem-solving and project-planning aid in Task 2, adjusting the creative-thinking indicators 

to more accurately reflect each task's characteristics, and enriching technical specifications and 

contextual information in Task 3. These revisions were incorporated prior to the empirical trial, 

thereby strengthening the content validity and instructional coherence of the instrument. 

Development Stage (Develop) 

The development stage produced the final product: an electronic portfolio assessment 

instrument together with an assessment rubric validated by an expert panel (expert judgment). 

This theoretical validation was crucial for testing the initial feasibility of the product before it was 

deployed in schools. The validation process involved five validators, comprising three chemistry 

education lecturers from Universitas Pendidikan Indonesia (UPI) and two chemistry teachers 

serving as school practitioners. Data from the validation sheets were then calculated using 

Lawshe's Content Validity Ratio (CVR) formula. The results showed that all items in Task 1, Task 

2, and Task 3, together with their respective validated assessment rubrics, obtained a perfect 

CVR coefficient of 1.00. This figure exceeds the minimum standardized threshold (0.99) for a 

five-member panel, so the instrument was declared highly valid. Beyond the quantitative data, 

the expert team also provided qualitative input to refine the draft, such as reconstructing the 

contextual stimulus in LKM 1 by replacing a generic animated video with a video depicting oil-

water interaction and the action of soap, as well as inserting scaffolding questions into the task 

instruction sheet. After the draft was revised based on this input, the instrument was declared 

ready for empirical trial testing. 

 
Figure 1. CVR Values for Each Indicator on Task 1, Task 2, and Task 3 

Figure 1 presents the Content Validity Ratio (CVR) values obtained for each assessment 

indicator across the three tasks. All ten indicators—three under Task 1 (11.1.1–11.1.3), three 

under Task 2 (11.2.1–11.2.3), and four under Task 3 (11.3.1–11.3.4)—achieved a uniform CVR 
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value of 1.00. This uniformity indicates unanimous agreement among all five expert validators 

that every indicator is essential and relevant to the construct being measured, confirming that 

the instrument possesses excellent content validity across all task types before proceeding to 

empirical reliability testing. 

Empirical testing to measure the instrument's consistency was carried out through a limited 

trial involving the digital task products of 19 grade XI students at a senior high school in 

Bandung. The digital portfolio products submitted by these students were independently scored 

by five raters. The level of inter-rater agreement consistency was analyzed using the Intraclass 

Correlation Coefficient (ICC) formula with the Two-Way Mixed-Effects Consistency model, the 

results of which are summarized in Table 2. 

Table 4. ICC Inter-rater Reliability Coefficient Results for the Assessment Instrument 
Task ICC Coefficient Range Reliability Criteria 

Task 1 (Open-Ended Essay) 0.949-0.981 Excellent 

Task 2 (Concept Map) 0.866-0.942 Good to Excellent 

Task 3 (Digital Poster) 0.850-0.936 Good to Excellent 

Referring to Table 4, the ICC coefficient values for all three digital portfolio task formats 

exceeded the required reliability threshold. ICC scores ranging from 0.850 to 0.981 indicate that 

the instrument's level of consistency falls into the Good to Excellent category, with the highest 

consistency found in Task 1. This empirical data confirms that all three portfolio tasks, together 

with their validated assessment rubrics, possess high objectivity and remain stable when used 

by raters to map students' creative-thinking profiles. 

Detailed inter-rater reliability output from SPSS (Two-Way Mixed-Effects Model, ICC 

Consistency) for each indicator within Task 1, Task 2, and Task 3 is presented in Tables 5 

through 7. 

Task 1 (Open-Ended Essay) 

Table 5. Detailed Inter-rater Reliability (ICC) Output for Task 1 Indicators (11.1.1–11.1.3) 
Indicator Aspect ICC (Average Measures) Reliability Category 

11.1.1 A.1 0.949 Excellent 
11.1.2 A.2 0.981 Excellent 
11.1.3 A.3 0.964 Excellent 

Table 5 presents the SPSS ICC (Average Measures) results for the three Task 1 indicators. 

Indicator 11.1.1 (Aspect A.1) obtained an ICC value of 0.949, indicator 11.1.2 (Aspect A.2) 

obtained 0.981, and indicator 11.1.3 (Aspect A.3) obtained 0.964, all of which fall within the 

Excellent reliability category. These consistently high values indicate that the five raters exhibited 

very strong agreement in scoring students' responses to the open-ended essay task, confirming 

the stability of the rubric used for this task. 

Task 2 (Concept Map) 

Table 6. Detailed Inter-rater Reliability (ICC) Output for Task 2 Indicators (11.2.1–11.2.3) 
Indicator Aspect ICC (Average Measures) Reliability Category 

11.2.1 B.1 0.940 Excellent 
11.2.2 B.2 0.866 Good 
11.2.3 B.3 0.892 Good 

Table 6 presents the SPSS ICC (Average Measures) results for the three Task 2 indicators. 

Indicator 11.2.1 (Aspect B.1) obtained an ICC value of 0.940, falling within the Excellent category, 

while indicator 11.2.2 (Aspect B.2) obtained 0.866 and indicator 11.2.3 (Aspect B.3) obtained 
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0.892, both falling within the Good category. Although slightly lower than Task 1, all three 

indicators remain well above the minimum reliability threshold, indicating consistent rater 

agreement in assessing students' concept maps. 

Task 3 (Digital Poster) 

Table 7. Detailed Inter-rater Reliability (ICC) Output for Task 3 Indicators (11.3.1–11.3.4) 
Indicator Aspect ICC (Average Measures) Reliability Category 

11.3.1 C.1 0.936 Excellent 
11.3.2 C.2 0.850 Good 
11.3.3 C.3 0.924 Excellent 
11.3.4 C.4 0.880 Good 

Table 7 presents the SPSS ICC (Average Measures) results for the four Task 3 indicators. 

Indicators 11.3.1 (Aspect C.1) and 11.3.3 (Aspect C.3) obtained ICC values of 0.936 and 0.924 

respectively, falling within the Excellent category, while indicators 11.3.2 (Aspect C.2) and 11.3.4 

(Aspect C.4) obtained 0.850 and 0.880, both falling within the Good category. These results 

confirm that the analytic rubric for the digital poster task produced consistent and objective 

scores across all five raters. 

Discussion 

The prevailing pattern of conventional, largely summative-administrative evaluation in 

schools often neglects the dimension of higher order thinking processes (HOTS), particularly in 

capturing students' creative capacity. This is supported by (Ramasari et al., 2024), who state 

that school assessment orientation should not merely pursue a summative function to fulfill final 

grade requirements, but should instead be directed toward formative assessment that supports 

the development of individual competencies. On the other hand, chemistry topics such as 

chemical bonding are laden with abstract concepts that require the full alignment of three levels 

of representation. The PjBL model enables students to visualize such abstract concepts into 

tangible products that fully connect the three levels of representation of matter (Situmorang et 

al., 2022). When classroom evaluation relies solely on theoretical multiple-choice tests, the 

space for students to explore scientific reasoning becomes constrained. This problem aligns 

with the reports of previous studied regarding the widespread misconceptions that leave 

students' understanding of chemical bonding shallow (Hendrawani, 2023; Istiqomah et al., 

2021). 

Restructuring the function of assessment through the paradigms of assessment for learning 

and assessment as learning is therefore a pedagogical necessity, consistent with the view 

ofprevious studied, who position assessment as both a formative feedback instrument and a 

means of training students' capacity for self-reflection (Rutherford et al., 2025). The use of the 

Google Classroom platform as a digital artifact storage space in this study offers the practicality 

of a systematic digital log. This finding is supported by previous studied, who confirm that the 

implementation of e-portfolios is highly efficient in terms of data storage capacity, facilitates 

reflection, and overcomes the limitations of the impractical physical format of conventional paper 

portfolios (Tur et al., 2019; Mudau, 2022). Through organized digital-architecture management, 

this e-portfolio tool can serve as a dynamic instrument for documenting the developmental trail 

of students' creative-thinking capacity. Beyond functioning as a medium for documenting 

learning outcomes, the e-portfolio also supports the implementation of authentic assessment 

through the continuous collection of learning evidence, allowing students' competency 

development to be monitored more comprehensively (Trejo González, 2024). This is in line with 
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previous studied, who argue that electronic portfolios are highly effective as a dynamic medium 

for continuously recording students' learning processes and competency development (Garcia, 

2025; Zhang & Tur, 2023). 

The theoretical feasibility test of the developed assessment instrument showed a very high 

level of feasibility quality. The perfect Content Validity Ratio (CVR) coefficient of 1.00 obtained 

from the expert panel confirms that all task items, together with the blueprint and validated 

assessment rubrics, possess strong content relevance to the applicable curriculum, which 

previous studied indicates a highly valid instrument standardization. This alignment occurred 

because the instrument blueprint was systematically designed by adopting the sequential syntax 

of Project-Based Learning (PjBL) (Ngui et al., 2022). This is supported by previous studied, who 

state that project design activities within the PjBL model align closely with the principle of 

authentic assessment, as they actively evaluate students throughout the project process (Chang 

et al., 2024; Pratiwi & Ikhsan, 2024). 

This task design was specifically constructed to elicit the four key indicators of creativity: 

fluency, flexibility, originality, and elaboration. These four indicators are also still recognized as 

the primary dimensions in creative-thinking assessment based on the expert consensus 

reported by previous studied, and therefore remain relevant as the basis for developing the 

instrument in this study (López Martínez et al., 2024). This conditioning of indicators is 

consistent with Williams' theory, which asserts that creativity can be nurtured and developed 

through structured learning scenarios. Combining the PjBL model with portfolio assessment 

offers an adaptive alternative for simultaneously measuring learning process and outcomes 

(Haryati et al., 2024; Sari et al., 2023). From a methodological standpoint, this attainment of 

perfect content validity forms the initial foundation confirming that the resulting electronic 

portfolio instrument is valid for measuring students' target creative competencies without 

departing from the essential boundaries of the chemical bonding topic. 

The quality of this instrument was subsequently reinforced empirically through an inter-

rater reliability test, with ICC coefficient analysis ranging from 0.850 to 0.981. According to the 

standardization criteria of previous studied, achievement within the Good to Excellent category 

indicates a robust level of consistency in the instrument's operationalization. Consistency of 

perception among the five raters was driven by the availability of clear operational descriptors 

in the validated assessment rubric drafts, which minimized rater subjectivity bias (Koo & Li, 

2016). In Task 2 (Concept Map), the decision to exclude the cross-links component previous 

studied original principle proved effective in maintaining rater scoring stability at the secondary-

school level from (Novak & Cañas, 2006). This is supported by (Rahmawati et al., 2019), who 

note that focusing assessment on the parameters of scientific propositions and hierarchical 

concept structuring already makes a substantial contribution to the flexibility and elaboration 

aspects of students' ideas in a manner realistic for the senior high school level. This finding is 

also consistent with the meta-analysis results of the previous studied which show that the use 

of concept maps consistently has a positive impact on students' conceptual understanding and 

academic achievement, making it relevant as one of the task formats in project-based 

assessment (Izci & Akkoc, 2024).  

A similar pattern of consistency is also reflected in Task 3 (Digital Poster). A similar pattern 

of consistency is also reflected in Task 3 (Digital Poster). The assessment rubric was developed 

based on established principles of effective scientific poster presentation, emphasizing the 

clarity of the title, organization of information, visual design, and effective communication of 

scientific content. The use of a structured analytic rubric with well-defined criteria is consistent 
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with previous studied, who explain that analytic rubrics can improve objectivity and consistency 

in inter-rater scoring (Gosselin & Golick, 2020). In addition, using a poster as the final product 

allows students to effectively communicate scientific concepts through the integration of text, 

visual illustrations, and a layout that supports readability and reader comprehension (Pedwell et 

al., 2017). 

Among the three task instruments developed, Task 1 (Open-Ended Essay) recorded the 

highest level of inter-rater agreement reliability (ICC = 0.949-0.981). In contrast to conventional 

rote memorization tests, which previous studied foster shallow thinking on the topic of chemical 

bonding, the authentic problem evaluation in Task 1 instead provides students with cognitive 

freedom (Warsito et al., 2020; Zulkhairi, 2022). This is consistent with the another studied view 

that authentic assessment through open-ended problems can independently measure students' 

ability to apply knowledge to real-world contexts (McArthur, 2023). When students are given 

the freedom to explore the underlying phenomenon of differences in compound solubility using 

their own wording, the creative-thinking indicators of fluency and flexibility are optimally 

stimulated. 

The incorporation of qualitative input from the expert validator team such as providing 

scaffolding questions and contextualizing the water-soap interaction phenomenon directly 

contributed to increasing the precision of this instrument as a reliable measurement tool. 

Overall, the results of the CVR validation and ICC reliability indices demonstrate that the 

developed electronic portfolio assessment tool has met mature feasibility criteria. This 

conclusion is supported by the previous studied, who affirm that the use of a valid and reliable 

electronic portfolio assessment in chemistry instruction is essential for informing educational 

decision-making while objectively capturing students' creative-thinking skill profiles (Edwards et 

al., 2025). 

Conclusion 

Based on the research findings, the development of the Project-Based Learning (PjBL)-

based electronic portfolio assessment instrument for chemical bonding, using the 4D model, 

was limited to the development stage only, without carrying out the disseminate stage. This 

study successfully achieved its stated objective of producing a valid and reliable evaluation 

instrument for measuring students' creative thinking skills. The theoretical validation results 

from the expert panel showed a very high level of feasibility, with a perfect Content Validity Ratio 

(CVR) coefficient of 1.00 obtained for all task component items along with their validated 

assessment rubric drafts. In terms of empirical consistency, the inter-rater reliability test results, 

through Intraclass Correlation Coefficient (ICC) analysis, showed a robust level of consistency, 

with value ranges of 0.949–0.981 for Task 1 (Excellent), 0.866–0.942 for Task 2 (Good to 

Excellent), and 0.850–0.936 for Task 3 (Good to Excellent). These findings confirm that the use 

of a Google Classroom-integrated electronic portfolio assessment tool has a positive implication 

as an objective and consistent measurement tool, making it a viable and innovative alternative 

evaluation instrument in chemistry instruction, particularly for abstract topics requiring the 

integration of three levels of representation of matter. This tool also facilitates the systematic 

documentation of digital artifact trails to support the paradigms of assessment for learning and 

assessment as learning.  

However, this study has limitations in that the model stages were restricted to the 

development phase only, the trial subjects were limited in scope to a single senior high school 

in Bandung, and the material coverage was limited to the concept of chemical bonding. Future 
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research is therefore recommended to continue development through to the disseminate stage, 

to test the feasibility of this e-portfolio assessment tool on other chemistry topics, to involve a 

broader range of education levels, or to combine it with other digital platforms in order to obtain 

a more comprehensive generalization of the instrument. 
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