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ABSTRACT 
This research aims to obtain the assessment models/designs and learning at the basic level of education integrated 

with computational thinking in web-based mathematics lessons/computers. The method used is design-based 

research to gain insight into computational thinking and encourage computational thinking skills among learners 

in math lessons. In the first year, it has developed a conceptual framework, blueprint, and supporting tools for 

assessment and mathematics learning (Grade 7-9) integrated with computational thinking, including its web 

design. The research findings are design principles in the form of models/learning designs and assessments 

integrated with computational thinking that will be detailed in the following year stages:  Partly Detailed and 

Complete Intervention Stage. 

Keywords: Computational Thinking; Assessment, Teaching and Learning, School Mathematics, Instructional 

Model 

1. INTRODUCTION 

In recent years, computational thinking has become a 

highly desirable topic in mathematics education [1] due 

to some issues. [2] have considered computational 

thinking and mathematics as “natural companions.” In 

addition, [3] argues that there is a natural relationship 

between computational thinking and mathematics in 

terms of logical structure and the ability to explore and 

model mathematical relationships. [4] claim that both 

computational and mathematical thinking are the 

approaches of thinking by adopting the concepts of 

cognition, metacognition, and disposition centers on 

problem-solving. In addition, they also recognize and 

cultivate social-cultural learning opportunities that shape 

ways of thinking and practice that reflect the real world. 

In mathematical studies, critical thinking is the ability 

to find patterns among cases, generalize the pattern and 

then formulate to get a generally accepted solution to be 

applied in all cases and identify excluded cases. 

Advances in computer science require these skills; 

computational algorithms on computers require 

identifying common patterns and exceptional cases. This 

ability is commonly referred to as computational 

thinking. 

Computational thinking is one of the biggest 

buzzwords in education—even referred to as the '5th C' 

of 21st-century skills, which lately has caught the 

attention of educators in a variety of subjects—from 

science to mathematics steadily to social studies. "4C 

(critical thinking, creativity, collaboration, and 

communication) has gained growing recognition as an 

important element of the school curriculum. This shift has 

encouraged the use of pedagogy and frameworks such as 

project-based learning, inquiry learning, and deeper 

learning at all levels of kindergarten-12 schools that 

emphasize high-level thinking (HOTS) throughout the 

learning process. With the advancement of technology 

and information in Industry 4.0, experts' consensus is that 

computational thinking is another core skill or "5 C" as a 

21st-century skill, which becomes an essential 

competency for learners. This does not mean that every 

child is expected to be a computer scientist, nor is basic 

literacy in mathematics and science considered essential 

for all children to understand how the world works. Thus, 

education should address the development of knowledge 

and skills related to computation, which is now integrated 

with each profession. 

Each country has a vision of mathematical 

competence and organizes its schools to achieve them as 

expected results. Historically, mathematical competence 

has included basic arithmetic skills or operations, 

including addition, subtraction, multiplication, and 

division of numbers, decimals, and fractions; percentage 

calculation; and calculating the area and volume of 

simple geometric shapes. In recent times, digitalization in 

many aspects of life has occurred. The data are used to 

make personal decisions that initially involve education 
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and career planning, and, later in life, health, and 

investment, as well as major social challenges to deal 

with areas such as climate change, government debt, 

population growth, the spread of pandemic diseases and 

the global economy. It has reshaped what it means to be 

mathematically competent and well-equipped to 

participate as a wise, engaged, and reflective citizen in 

the 21st century. 

2. METHOD 

This research method adopts the principles of Design-

based Research [5] proposed that design-based research 

"has a solid foundation on previous research and theories 

and is conducted in an educational environment. It is 

undertaken to track the evolution of learning in complex 

classrooms and schools, tests and builds learning 

theories, and produces instructional tools that withstand 

the challenges of everyday practice". In addition, [6] 

stated that design-based research is "a series of 

approaches, with the intent of producing new theories, 

artifacts, and practices that explain and potentially impact 

learning and teaching in naturalistic settings." 

As in Figure 1, [8], [9], and [10] also explained that 

Design-Based Research is a systematic and flexible 

research methodology, which aims to improve 

educational practice using repetitive analysis (cycle), 

design, development, and implementation, based on 

collaboration between researchers and practitioners in 

real-world settings, and leads to the contextualization of 

design principles and sensitive theories. 

 

 
Figure 1. Phases in Design-Based Research [7]. 

 

3. RESULT AND DISCUSSION 

Based on the research as mentioned above design, the 

stages, and the results of the implementation of research 

for the first cycle as a global design are as follows. 

3.1. Practical Problem Analysis 

The first activity of design-based research, as in [7] 

and [11] is the analysis of practical problems by a team 

of researchers and practitioners. Practical problem 

analysis is a pre-intervention based on the formulation of 

the problem in the proposal. The activity results consist 

of literature review, reference selection, collection and 

analysis of preliminary data, and identification and 

analysis of the need to see alternative solutions/ 

interventions. Initial data collection through observation, 

interviewing with practitioners (teachers and school 

leaders), and document studied. Identification and 

analysis of needs adapt [12] and [13] By looking at 

performance gaps, finding the cause of the problem, and 

choosing the best intervention alternative 

3.2. Solution Development (Theoretical Framework) 

Solution Development (or Intervention) begins with 

preparing a conceptual framework of assessment and 

learning on the integrated Primary Education of 21st-

century competence-computational thinking skills in 

mathematics (KBKM). It refers to the results of the work 

[14] and the PISA Mathematical Framework 2021 [15], 

hence the development activities begin by examining the 

definition, scope, and theoretical basis of the existing 

literature, including conference results in selected 

databases, and focusing on Computational Thinking. To 

do so, systematic text analysis procedures are used as 

qualitative content analysis. The study of the components 

of computational thinking as an indicator of skills in 

computational thinking, [16], [17], and [18] as the 

primary reference in its formulation as in the following 

Table 1. 

 

Table 1. Components of Computational Thinking 

Component Description 

Decomposition Breaking problems into parts 

Pattern recognition Analyzing the data, look for patterns to make sense of the data 

Abstraction Removing unnecessary details and focusing on the critical data 
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Component Description 

Modelling-simulation Creating models or simulations to represent processes 

Algorithms Creating a series of ordered steps taken to solve a problem 

Evaluation Determining the effectiveness of a solution, generalizing, and applying it to new problems 

 

Based on the definition of mathematics, the school's 

mathematical content is built on a combination of the 

categories of mathematical content in the PISA 2021 

framework. Computational thinking skills (KBK) are 

characterized by using one or more of the six components 

of computational thinking (in Table 1) or using a 

combination of decomposition, recognizing patterns, 

abstraction, modeling/simulation algorithms, and 

evaluation in solving problems. 

3.3. Practical Problem Analysis 

The results obtained in the form of prototypes are 

evaluated using the formative evaluation method of the 

prototype as in [19]. This evaluation uses the criteria of 

quality relevance and consistency in the global design 

stage so that the results of product evaluation are obtained 

as in [20] called prototype version II.  

The stages of evaluation consist of Development of 

Data Collection Instruments, Data Collection, Data 

Processing and Analysis, and Documentation and 

Reflection (Produce Design Principles) 

4. CONCLUSION  

The results of the intervention are that conceptual 

frameworks and instructional packages (prototype II) in 

the form of blueprints, materials, devices, problem 

packages, and web design assessments and integrated 

learning of 21st-century computational thinking skills in 

Mathematics satisfy the evaluation criteria at the stage of 

global design development, i.e., relevance and 

consistency. At this stage of intervention, the Design 

Principles design Assessment Model and Integrated 

Mathematical Learning web/computer-based computing 

thinking skills are formulated that will be detailed in the 

next development cycle through pilot study in the 

development stage of partly detailed and complete 

intervention. 
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