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Abstract 
This study aims to develop and validate a two-tier multiple choice (TTMCQ) instrument to measure senior high 

school students’ science process skills (SPS) in acid-base chemistry. Following Borg and Gall’s modified research 
and development design (nine stages), the instrument was developed, validated, and tested in two public high 
schools in Bengkulu, Indonesia. Validation involved content experts, assessment specialists, and experienced 
chemistry teachers. Field trials were conducted with 119 students, and data were analyzed for validity, 
reliability, item difficulty, and discrimination indices. Results show that the TTMCQ instrument demonstrated 
strong validity, high reliability, appropriate difficulty distribution (53% easy, 42% medium, 5% difficult), and 
sufficient discriminating power. Teachers reported positive perceptions, noting that the instrument effectively 
challenges students’ reasoning and enhances their SPS. The study highlights the potential of TTMCQ instruments 
as practical tools for formative and summative assessment in science education. 
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INTRODUCTION 
Teachers play a fundamental role in guiding, facilitating, and evaluating students’ learning 

processes in the classroom. Beyond the responsibility of delivering subject matter, teachers are 

expected to design and implement effective assessment strategies that provide meaningful 
insights into students’ progress and achievements (Almoslamani, 2022; Veldhuis & van den 
Heuvel-Panhuizen, 2020; Yan et al., 2021). Assessment is not merely the act of assigning grades 
but a systematic process of collecting, analyzing, and interpreting data about students’ learning 

outcomes to support pedagogical decision-making and instructional improvement (Schellekens et 
al., 2021; Schildkamp et al., 2020; Thornhill-Miller et al., 2023). Effective assessment allows 
teachers to determine the extent of learning objectives achieved, identify student misconceptions, 
monitor the effectiveness of instructional strategies, and classify students’ mastery levels in a fair 
and evidence-based manner (Hill & Chin, 2018; Simonson et al., 2022; Sun et al., 2023). 

Science education, in particular, requires a comprehensive assessment approach that 
addresses both conceptual understanding and the processes by which scientific knowledge is 
constructed. Science is not only a body of knowledge but also a process of inquiry involving 

exploration, experimentation, and reasoning (Nur’ariyani et al., 2023; Özer & Sarıbaş, 2023; Zhou 
et al., 2016). To engage in authentic scientific inquiry, students must develop science process 
skills (SPS), which encompass the cognitive, manipulative, and social competencies necessary to 
construct knowledge, solve problems, and communicate findings (Gizaw & Sota, 2023; Ilma et al., 

2020; Nugroho et al., 2023). SPS are typically categorized into basic skills such as observing, 
classifying, measuring, inferring, and predicting and integrated skills, including hypothesizing, 
controlling variables, designing experiments, interpreting data, and drawing conclusions (Astalini 
et al., 2023; Ekici & Erdem, 2020; Rusmini et al., 2021). The mastery of SPS is widely 

acknowledged as a cornerstone of science education, as it fosters critical thinking, creativity, and 
scientific literacy among students (Primasari et al., 2020; Rahmatika et al., 2022; Sidek et al., 
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2020). 

Chemistry, as a branch of science, poses unique challenges in teaching and learning due to 

its abstract concepts, symbolic representations, and experimental orientation. Learning chemistry 
effectively requires not only memorization of facts but also the ability to connect macroscopic 
phenomena, submicroscopic structures, and symbolic models a framework known as the 
chemistry triplet (Permatasari et al., 2022; Rahmawati et al., 2022; Uyulgan & Güven, 2022). To 

address these challenges, chemistry education should emphasize active engagement in scientific 
practices through the development of SPS (Adauyah & Aznam, 2024; Ahmad & Iksan, 2021; 
Purtadi et al., 2023). Research has shown that students often struggle with acid-base concepts 
due to their complexity and abstractness, which underscores the importance of developing valid 

assessment instruments that reveal not only what students know but also how they reason about 
their knowledge (Damanhuri et al., 2016; Grogans et al., 2023; Salame et al., 2022). 

Traditional assessment methods, such as multiple-choice questions (MCQs), are widely used 

because they are practical and efficient. However, conventional MCQs often fail to capture the 
depth of students’ conceptual understanding and their reasoning processes, allowing for guessing 
and superficial learning (Holzinger et al., 2020; Jovanovska, 2018; Saher et al., 2022). To 
overcome these limitations, researchers have proposed the use of two-tier multiple choice 

questions (TTMCQs), which consist of a content-based first tier and a reasoning-based second tier 
(Lukum et al., 2023; Rintayati et al., 2021; Sıbıç et al., 2022). TTMCQs have been shown to be 
more effective than traditional MCQs in diagnosing misconceptions, promoting higher-order 
thinking, and assessing SPS in science education (El Nagdi & Roehrig, 2022; Kasule, 2013; Maison 

et al., 2022). Recent studies further demonstrate that TTMCQs can enhance students’ engagement 
with content and provide teachers with richer diagnostic information to support instructional 
design (Alioon & Delialioğlu, 2019; Boekaerts, 2016; Bond & Bedenlier, 2019). 

Despite these advances, the application of TTMCQs in chemistry education, particularly in 

assessing SPS in specific topics such as acid-base concepts, remains underexplored. Previous 
studies have focused on the use of TTMCQs for identifying misconceptions in thermochemistry, 
equilibrium, or genetics (Jenkins & Shoopman, 2019), but little attention has been given to their 
role in systematically measuring SPS. Moreover, few studies have validated TTMCQ instruments 

in the context of Indonesian secondary education, where challenges in meeting national 
assessment standards persist (Haekal, 2022; Misbah et al., 2020; Soeharto & Csapó, 2022). This 
gap highlights the need for a rigorously developed and validated assessment tool that not only 
addresses students’ conceptual understanding but also captures their SPS across acid-base 

learning materials. 

Therefore, the present study aims to develop and validate a two-tier multiple choice 
assessment instrument specifically designed to measure senior high school students’ SPS on acid 

base chemistry. The study seeks to establish the psychometric properties of the instrument  
including validity, reliability, difficulty level, and discrimination index while also exploring 
teachers’ responses to its feasibility and practicality in classroom application. By addressing this 
gap, the study contributes to the advancement of assessment practices in science education and 

provides an alternative tool for promoting inquiry-based learning and improving the quality of 
chemistry instruction at the secondary school level. 

 

METHODS 

This study employed a research and development (R&D) design that was adapted from the Borg 

and Gall model, which is widely recognized in educational research for guiding systematic product 
development. To maintain feasibility within the scope of the study, nine stages of the model were 
implemented, including preliminary research and information gathering, planning, initial product 
design, preliminary field testing, revision of the initial product, field testing, revision based on field 

results, operational testing, and final product revision. The tenth stage, dissemination and 
implementation, was excluded due to its extensive scope and resource requirements. This stepwise 
process ensured that the developed assessment instrument underwent iterative refinement informed 
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by both expert evaluation and empirical testing. 

The research was conducted in two Indonesian public senior high schools, SMA N 1 Bengkulu 
and SMA N 2 Bengkulu, during the 2014/2015 academic year. Participants included 119 students and 

four chemistry teachers selected through purposive sampling to represent diverse academic abilities 
and teaching experiences. Students were distributed across different trial phases, including small-scale 
and large-scale testing, to minimize learning effects from repeated exposure to similar test items. The 
involvement of teachers as participants was intended to capture professional perspectives on the 

feasibility and practicality of the developed instrument. Ethical considerations were addressed 
through informed consent, voluntary participation, and anonymity in data reporting. 

The product developed in this study was a two-tier multiple choice question (TTMCQ) 
instrument designed to measure students’ science process skills (SPS) in acid-base chemistry. The first 

tier of each item consisted of a statement requiring a factual or conceptual response, while the second 
tier elicited the reasoning behind the chosen answer. The inclusion of the reasoning tier was aimed at 
reducing guessing and allowing for a more accurate assessment of students’ SPS. The instrument 
development process began with the construction of a blueprint aligned with the national curriculum, 

learning objectives, and indicators of SPS, including observing, classifying, predicting, hypothesizing, 
planning experiments, interpreting data, and communicating scientific ideas. The initial draft consisted 
of item grids, test items, answer keys, and scoring rubrics. 

Expert validation was conducted to ensure both content and construct validity. Material experts 

in acid-base chemistry reviewed the items for accuracy, clarity, and alignment with curricular 
standards, while assessment specialists evaluated the construct validity of the instrument to confirm 
its ability to measure SPS. In addition, senior chemistry teachers were consulted to provide feedback 
on the practicality and classroom relevance of the items. Revisions were made based on their 

suggestions, such as improving item clarity, adjusting distractors, and refining the wording of 
instructions. 

The revised instrument underwent pilot testing through one-on-one trials with six students and 
small-group trials with 14 students and two teachers. These trials assessed readability, clarity of 

instructions, and students’ perceptions of item difficulty. Field testing followed with a larger sample of 
53 students and two teachers, allowing for item analysis to determine validity, reliability, item 
difficulty, and discrimination indices. Reliability was measured using Cronbach’s alpha to ensure 
internal consistency, while item validity was established through expert judgment and statistical 
correlation analysis. The results guided further revisions before conducting operational testing with 

66 students and two teachers. The operational trial assessed the instrument’s practicality and 
feasibility for large-scale classroom implementation without direct researcher assistance. 

Data collection methods included questionnaires, observations, and test results. Teacher and 
student responses to the instrument were obtained using structured questionnaires, while classroom 

observations provided additional qualitative insights into practicality. Quantitative data were analyzed 
using descriptive and inferential statistics. Item difficulty was categorized into easy, moderate, and 
difficult levels, while discrimination indices classified the effectiveness of items in distinguishing 
between high- and low-performing students. A two-tailed t-test was employed to compare the 

performance of students assessed using the TTMCQ instrument with those assessed using 
conventional multiple choice questions, thereby examining the effectiveness of the developed product. 

Through this systematic methodology, the study ensured the validity, reliability, and practicality 
of the TTMCQ instrument as a tool for assessing science process skills in secondary school chemistry. 

The use of iterative development, expert validation, and empirical testing provided a robust 
foundation for establishing the instrument’s feasibility in authentic classroom contexts. 

 

RESULTS AND DISCUSSION 
Characteristics of the Developed TTMCQ Instrument 

The two-tier multiple choice question (TTMCQ) instrument developed in this study was 
designed to measure students’ science process skills (SPS) in acid-base chemistry. The instrument 
incorporated indicators such as observing, classifying, predicting, hypothesizing, planning 
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experiments, interpreting data, and communicating. Each item contained a first-tier question assessing 
factual or conceptual knowledge and a second-tier question eliciting the reasoning behind students’ 
responses. Expert validation confirmed that the items demonstrated strong content validity, with acid-

base material experts ensuring conceptual accuracy, and assessment experts affirming construct 
alignment with SPS. Senior chemistry teachers further evaluated the practicality of the instrument, 
noting that the two-tier format encouraged deeper thinking compared to conventional multiple choice 
questions. 

 

Validity and Reliability Analysis 

The statistical analysis of the field trials revealed that the TTMCQ instrument achieved 
acceptable psychometric properties. Item validity was confirmed through expert judgment and 

correlation tests, while internal consistency reliability, measured by Cronbach’s alpha, was found to be 
high. The distribution of item difficulty showed that 53% of items were categorized as easy, 42% as 
moderate, and 5% as difficult, representing a balanced spread across levels. The discrimination index 
indicated that most items had sufficient power to differentiate between high- and low-achieving 

students. These results suggest that the TTMCQ instrument meets established standards for 
educational assessment tools. 

 

Teacher and Student Responses 

Teachers’ responses to the instrument were mixed but generally positive. While they 
acknowledged that two-tier questions were more complex to construct and administer than 
conventional multiple choice questions, they agreed that the TTMCQ format effectively challenged 
students’ reasoning and minimized the likelihood of guessing. Students reported that the instrument 
required more time and cognitive effort but simultaneously stimulated critical analysis of concepts and 
reasoning. Both groups emphasized the novelty of the instrument in classroom practice, as it had not 
previously been implemented in their schools.  

 

Comparison with Conventional MCQs 
The effectiveness of the TTMCQ instrument was examined through a comparison with 

conventional multiple choice questions (MCQs) using a two-tailed t-test. Results indicated no 
significant difference in mean scores between the two groups, suggesting that students were equally 
capable of working with either format. However, qualitative responses revealed that the TTMCQ 
provided richer diagnostic information regarding reasoning and conceptual understanding, a 
dimension often absent in standard MCQs. 

 

Discussion 

The findings of this study align with prior research emphasizing the benefits of TTMCQs in 
diagnosing misconceptions and promoting higher-order thinking. Yeo et al. (2022), for instance, 
demonstrated that TTMCQs are superior to traditional MCQs in identifying alternative conceptions in 
science learning. Darling-Hammond et al. (2020) found that the inclusion of reasoning tiers allows 

teachers to better assess students’ conceptual depth, which resonates with the responses of teachers 
in the present study. The positive reception by teachers and students also supports Williams (2024) 
findings that TTMCQs enhance formative assessment practices by encouraging more reflective 
engagement with content. 

In chemistry education specifically, studies by Karpudewan (2016), Dejene and Belachew (2023) 
highlight the role of TTMCQs in improving students’ conceptual understanding in topics such as 
equilibrium and reaction rates. The current study extends these findings by applying TTMCQs to acid-
base concepts and explicitly linking them to SPS indicators, thereby addressing a gap in previous 

research. This novelty lies in positioning TTMCQs not only as diagnostic tools but also as structured 
instruments for measuring SPS systematically, a contribution that has not been extensively 
documented in earlier studies. 

Furthermore, the balanced difficulty distribution observed in this study echoes the 



Vol. 4 No. 1 January 2023 Pages 11-18 | 15 

https://siducat.org/index.php/isej/ 

 

 

recommendations of Schildkamp (2020), who emphasized that well-constructed assessments should 
provide a range of difficulty levels to capture diverse student abilities. The high reliability score of the 
instrument also corroborates findings from Gizaw and Sota (2023), who argued that reliable 

assessments are essential for accurately measuring SPS and informing instructional practices. 

The implications of this study are twofold. First, for educators, the TTMCQ instrument provides a 
practical alternative to conventional MCQs by offering insights into both knowledge and reasoning, 
thereby supporting more meaningful formative and summative assessments. Second, for curriculum 

developers and policymakers, the findings suggest that integrating TTMCQs into national assessments 
could enhance the alignment between instructional practices and the development of SPS, which are 
critical competencies in 21st-century science education. 

Despite these strengths, the study has several limitations. The research was conducted in only 

two schools within one regional context, which may limit the generalizability of findings to broader 
educational settings. The instrument was also applied only to acid-base chemistry, leaving open the 
question of whether similar results would be achieved in other scientific domains. Additionally, while 
teacher and student perceptions were captured, long-term impacts on learning outcomes were not 

examined. Future studies should therefore extend the use of TTMCQs across different scientific topics, 
include larger and more diverse populations, and investigate longitudinal effects on SPS development. 

 

CONCLUSION 

This study successfully developed and validated a two-tier multiple choice question (TTMCQ) 
instrument designed to measure senior high school students’ science process skills (SPS) in acid-base 
chemistry, demonstrating strong content and construct validity, high reliability, balanced item 

difficulty, and sufficient discriminating power. Teacher and student responses indicated that, although 
more cognitively demanding than conventional multiple choice questions, the TTMCQ format 
effectively stimulated reasoning, minimized guessing, and provided richer diagnostic insights into 
students’ conceptual understanding and SPS development. The novelty of this study lies in 

systematically integrating TTMCQs with SPS indicators in the context of acid-base chemistry, thereby 
extending prior research that predominantly focused on diagnosing misconceptions in other scientific 
domains. The findings imply that TTMCQs can serve as a practical and reliable assessment tool to 
support inquiry-based learning, formative evaluation, and instructional improvement in secondary 

science education. While the study was limited to two schools and one topic area, its results offer a 
promising foundation for broader applications of TTMCQs across diverse scientific subjects and 
educational contexts, highlighting their potential contribution to strengthening assessment practices 
and advancing science education quality. 
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