Learning Trajectory Based on Algorithmic Sub-Constructs: Using the Arithmetic Cargo Train to Introduce Stepwise Problem-Solving in Primary School





ABSTRACT
This study aims to explore the trajectory of algorithm-based mathematics learning through the Arithmetic Cargo Train activity among elementary school students. This activity is designed to introduce step-by-step arithmetic problem-solving, integrate concrete manipulatives with symbolic representations, and foster the development of algorithmic skills such as decomposition, sequencing, operation selection, iteration, and verification.
Data was collected through classroom observations, student response records, and reflective discussions. The results show that most students were able to connect changes in the number of students in each car to arithmetic operations, write equations, verify results, and explain their strategies. This activity also supports the transition from concrete manipulatives to symbolic representations and improves mathematical communication. Analysis of student performance shows a progressive distribution, ranging from students who have not yet mastered multiplication/division to those who are able to understand and answer questions correctly.
These findings confirm that the use of real-world contexts such as the Arithmetic Cargo Train is effective in supporting step-by-step arithmetic learning and the development of algorithmic thinking skills in elementary school students.
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INTRODUCTION
Algorithmic thinking has become an essential skill for elementary students because it supports systematic problem solving in mathematics, science, and daily life. In basic terms, algorithmic thinking refers to the ability to understand a problem, break it into smaller parts, arrange ordered steps, identify repeated patterns, test a solution, and revise the procedure when needed. These processes are closely related to computational thinking, which has been widely discussed as a core competence for learners in the digital age (Grover & Pea, 2013; Shute et al., 2017; Wing, 2006). At the elementary level, algorithmic thinking should not start with formal programming syntax. It should begin with concrete tasks that help students see order, repetition, representation, and decision making in familiar learning situations.
Elementary students often learn better when abstract ideas connect with concrete actions. This is important in algorithmic thinking because students need to move from performing steps physically to explaining those steps symbolically. Learning trajectory theory offers a useful framework for this process. A learning trajectory consists of clear learning goals, a developmental progression of students’ thinking, and instructional activities that align with each stage of that progression (Cogolludo-Agustín et al., 2022). 
In algorithmic thinking instruction, this means educators should not merely teach isolated tasks. They must design a sequence of tasks that gradually guides students from concrete manipulation, to verbal explanation, to symbolic representation, and finally to independent problem-solving. Recent studies indicate that learning trajectories can support computational thinking instruction in elementary education. (Luo et al., 2022) argue that computational thinking instruction and assessment require a learning trajectory perspective because students develop concepts such as sequence, decomposition, repetition, and conditionals over time. (Purnomo et al., 2021) also mapped K-8 learning trajectories for sequence, repetition, and conditionals. Their work demonstrates that students require structured experiences before they can reason with more abstract algorithmic patterns. These findings suggest that educators should design algorithmic thinking instruction as a staged progression, rather than as a single lesson or a short activity.
Research also indicates that unplugged, hands-on, and game-based activities can help young learners develop algorithmic thinking. (Hsu & Wang, 2018) found that puzzle-based game learning can foster algorithmic thinking skills, particularly when students actively generate and solve problems. (Freina et al., 2019) demonstrated that a learning path for computational thinking in the final years of elementary school can support students’ gradual development of problem-solving skills. (Cardozo Politi & Biramontes, 2024) also emphasized the role of pedagogical strategies in fostering algorithmic thinking among young learners through STEM-related activities. These studies indicate that elementary students require meaningful tasks, repeated practice, and guided reflection. They also need learning environments that reduce the cognitive load associated with abstract concepts.
Mathematics provides a strong context for developing algorithmic thinking in elementary school. Arithmetic operations require students to follow procedures, recognize repeated structures, represent quantities, and justify results. For example, multiplication can be understood as repeated addition. Division can be understood as equal grouping or repeated subtraction. These operations naturally involve sequence and repetition. When students solve arithmetic word problems, they also need to identify relevant data, decide which operation to use, and explain the steps taken to reach an answer. Therefore, integrating algorithmic thinking into arithmetic learning can make computational thinking more accessible and more relevant for elementary students.
The Arithmetic Cargo Train activity provides a concrete instructional medium for this purpose. In this activity, students use train cars and cargo as visual representations of mathematical quantities. Students take a problem card, build a train by connecting the required number of cars, place cargo or objects into each car, count the total, and write the corresponding arithmetic equation (Herreros-Torres et al., 2026) For example, when a problem states that a train has six cars and each car carries twenty passengers, students can model the situation by preparing six cars, placing twenty objects in each car, counting the total, and writing 6 × 20 = 120. This activity allows students to experience a sequence of actions before they translate the action into symbolic notation.
From an algorithmic thinking perspective, Arithmetic Cargo Train has several instructional strengths. First, it supports sequencing because students must follow ordered steps from reading the problem to writing the equation. Second, it supports decomposition because students break the problem down into the number of cars, the amount of cargo in each car, the total cargo, and the operation used. Third, it supports repetition because students can observe repeated groups in multiplication and repeated removal or sharing in division. Fourth, it supports abstraction because students transition from physical train models to mathematical symbols. These features align with the semantic wave approach, which emphasizes movement between concrete examples and abstract concepts to strengthen understanding (Ritter & Standl, 2024).
However, existing research still leaves a specific gap. Many studies discuss learning trajectories for computational thinking, unplugged activities, or game-based learning. Fewer studies examine how teachers can design a structured learning trajectory for algorithmic thinking using a low-cost arithmetic manipulative in elementary mathematics. This gap is particularly relevant for schools with limited access to digital devices that still need to foster students’ computational thinking. It is also relevant for teachers seeking practical guidance to integrate arithmetic learning, problem-solving, and algorithmic thinking into a cohesive instructional design (Dehbozorgi & Roopaei, 2024; Freina et al., 2019; Rich et al., 2017; W. Tan et al., 2026; Vanderberg et al., 2026)
Therefore, this study focuses on designing a learning trajectory to enhance algorithmic thinking skills in elementary students through the Arithmetic Cargo Train activity. The proposed learning trajectory is based on progressive learning goals, concrete-to-abstract representation, mathematical problem contexts, guided scaffolding, and formative assessment. The main research question is: How can educators design learning trajectories to enhance algorithmic thinking skills in elementary students? More specifically, this study investigates how students progress from manipulating concrete objects, to explaining ordered procedures, to representing arithmetic situations symbolically, and to solving similar problems more independently (Chioccariello et al., 2020; Ebby, 2018).
This study contributes to elementary education in three ways. First, it offers a practical model for integrating algorithmic thinking into arithmetic instruction (Akhmedov et al., 2024; Ferjan & Bernik, 2024; Haghayeghi et al., 2025; Vicente et al., 2022). Second, it provides a structured learning trajectory that teachers can use to observe students’ thinking and identify learning difficulties. Third, it extends current discussions on computational thinking by showing how algorithmic thinking can develop through contextual, hands-on, and mathematics-based activities. By connecting learning trajectory theory with the Arithmetic Cargo Train activity, this study provides an empirical and instructional basis for designing algorithmic thinking lessons that are developmentally appropriate for elementary students (Chioccariello et al., 2020; W. Tan et al., 2026; Wilson et al., 2013).




LITERATURE REVIEW
Key Concepts: Algorithmic Thinking and Computational Thinking in Primary Education
Algorithmic thinking, a fundamental component of computational thinking (CT), is defined as the ability to solve problems using systematic, stepwise processes. It includes sequencing, pattern recognition, decomposition, repetition, abstraction, and debugging (De Souza & Matias, 2020; Kadum et al., 2021). In the context of primary school mathematics, algorithmic thinking enables learners to approach arithmetic tasks logically and incrementally. Early exposure to these processes enhances both procedural fluency and conceptual understanding, particularly in repeated addition, multiplication, fractions, and division (Fischer & Fischer, 2024; Herreros-Torres et al., 2026; Zhao & Deng, 2022). Integrating CT into mathematics through manipulatives and unplugged activities allows learners to internalize step-by-step reasoning without an immediate reliance on digital tools (Chung, 2024; Mendes, 2019; Pinheiro, 2022; Sevilla et al., 2023). Table 1 presents the key algorithmic subconstructs, their descriptions, associated mathematical representations, and examples of how each is implemented using the Arithmetic Cargo Train activity.
Table 1. Key Algorithmic Subconstructs
	Subconstructs
	Descriptions
	Mathematical Statement
	Example in Arithmetic Cargo Train

	Decomposition
	Students break a complex problem into smaller arithmetic steps.
	6×20=20+20+20+20+20+20=120
	A train has 6 cars, each carrying 20 passengers. Students add 20 six times to find the total number of passengers.

	Sequencing
	Students follow the correct order of operations step by step.
	Step 1:
 Step 2:
 Step 3: …
	Students load the cars one by one, calculating the cumulative number of passengers after each car.

	Pattern Recognition
	Students identify repeated arithmetic patterns.
	20, 40, 60, 80, 100, 120
	Each car adds 20 passengers. Students predict the totals for subsequent cars.

	Abstraction
	Students focus on the key numerical information, ignoring irrelevant details.
	Total passengers 
	The color or type of the cars is ignored; only the number of cars and the number of passengers per car are used to solve the problem.

	Algorithm Design
	Students create a step-by-step procedure to solve a specific type of problem.
	Multiply the number of cars by the number of passengers per car: 
	Students write the procedure: “Count wagons → Count passengers per wagon → Multiply → Verify total”.

	Iteration
	Students repeat arithmetic operations systematically.
	20 + 20 + 20 + 20 + 20 + 20 = 120
	Adding 20 passengers to each of the six cars repeatedly to reach the total.

	Conditional Thinking
	Students make decisions based on a condition or limit.
	If the number of passengers per car , add another car
	A wagon can carry only 30 passengers. If there are 65 passengers, students split them into three wagons.

	Debugging
	Students check calculations and correct errors.
	Wrong:
 Correct: 
	After miscalculating the total number of passengers, students recount them and correct the total using the wagons and passenger tokens.

	Generalization
	Students formulate rules for similar problems.
	Total cargo for an arithmetic sequence
	If each wagon increases by a fixed number of boxes, students can predict the total in Wagon using the rule

	Step-by-Step Problem Solving
	Students integrate all steps to systematically solve a complete problem.
	Understand → Plan → Calculate → Check
	Students read the card problem, build the wagons, add passengers or cargo step by step, and verify the total.




Figure 1. Key Algorithmic Subconstructs
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Supporting Theory: Learning Trajectories in Arithmetic
Learning trajectories (LTs) provide structured pathways that guide learners from informal strategies to formal problem-solving competence (Bowie & Graven, 2024; Pellizzoni et al., 2022). LTs facilitate the integration of algorithmic sub-constructs by sequencing skill development, anticipating common misconceptions, and scaffolding step-by-step problem-solving (Compagnoni et al., 2025; Halldorsdottir et al., 2019; Musso et al., 2020). For arithmetic learning, LTs provide teachers with a framework to structure lessons that gradually increase in complexity while reinforcing key algorithmic behaviors.
Empirical Evidence: Algorithmic Sub-Constructs and Arithmetic Learning
Several studies illustrate the impact of algorithmic sub-constructs on primary mathematics:
1. Sequencing and Decomposition: Learners who practiced step-by-step problem-solving through structured activities demonstrated improved accuracy and understanding in arithmetic operations (Huerta-Zavala et al., 2026; Luo et al., 2022).
2. Pattern Recognition and Repetition: Physical manipulatives and repeated problem sequences strengthened understanding of multiplication and fraction concepts (Compagnoni et al., 2025; Cornejo C. et al., 2025; J. Tan et al., 2026).
3. Abstraction and Debugging: Students who engaged in error detection and correction exercises developed stronger conceptual understanding and problem-solving skills (Cornejo C. et al., 2025; Gottfried, 2019; T. Kulkarni & Sullivan, 2022; Lerkkanen et al., 2023; Mata et al., 2022; Peura et al., 2025).
4. Manipulative-Based and Unplugged Learning
Manipulatives, such as counters, fraction bars, and sequential object arrangements, support the concrete-to-abstract transition in arithmetic problem-solving. Unplugged computational thinking (CT) activities, including algorithmic games and hands-on sequences, enhance understanding of CT sub-constructs while promoting engagement (Musso et al., 2020; Zhang et al., 2020).
Game-Based and Problem-Based Approaches
Game-based learning and authentic problem contexts facilitate stepwise reasoning and algorithmic thinking. Studies indicate that coding games, tabletop games, and cargo-based manipulative tasks increase engagement and reinforce sequential problem-solving, bridging computational thinking and arithmetic learning (Zhang et al., 2020).
Integration of Learning Trajectories, Algorithmic Sub-Constructs, and Arithmetic Cargo Train
Integrating LTs, manipulatives, and CT sub-constructs provides a robust scaffolding framework. The proposed Arithmetic Cargo Train serves as a tangible, step-by-step problem-solving medium where students can physically enact sequences, groupings, and repeated operations. This approach aligns with learning trajectory principles, fosters algorithmic thinking, and provides immediate feedback for correction and reflection (Jocius et al., 2023); (Sarmasági et al., 2025).
Research Gaps
Despite extensive research on CT, manipulatives, and learning trajectories, gaps remain:
1. Limited empirical studies on tangible, low-cost media like the Arithmetic Cargo Train for algorithmic reasoning. 
2. Lack of systematic LT-based interventions that integrate stepwise problem-solving and CT sub-constructs in primary arithmetic. 
3. Insufficient longitudinal evidence on the transfer effects of unplugged CT activities to mathematical reasoning (Jardim-Botelho et al., 2008).
Position of the Current Study
This study develops and validates a learning trajectory based on algorithmic sub-constructs using the Arithmetic Cargo Train to scaffold stepwise problem-solving. It integrates manipulatives, unplugged CT activities, and LT-informed instruction, providing a practical framework for developing algorithmic reasoning and arithmetic proficiency in primary school learners.
Objectives of the Study
1. To examine the level of students’ understanding of algorithmic sub-constructs (sequencing, decomposition, pattern recognition, repetition, abstraction, and debugging) in primary school arithmetic. 
2. To investigate the effectiveness of the Arithmetic Cargo Train as a manipulative tool for teaching step-by-step problem-solving. 
3. To determine the relationship between students’ engagement with the Arithmetic Cargo Train and their arithmetic problem-solving performance. 
4. To identify challenges faced by students in applying algorithmic thinking through manipulatives. 
5. To explore strategies to optimize the use of manipulatives and algorithmic sub-constructs in primary school arithmetic teaching.
Research Questions
1. What is the level of students’ understanding of algorithmic sub-constructs in primary school arithmetic? 
2. How effective is the Arithmetic Cargo Train as a tool for teaching step-by-step problem-solving? 
3. Is there a significant relationship between students’ engagement with the Arithmetic Cargo Train and their arithmetic problem-solving performance? 
4. What challenges do students face when applying algorithmic sub-constructs through manipulatives? 
5. What strategies can enhance the use of manipulatives and algorithmic thinking in primary school arithmetic instruction?

METHODOLOGY
The study adopted a design research approach to develop a learning trajectory based on algorithmic sub-constructs using the Arithmetic Cargo Train to enhance stepwise problem-solving in primary school arithmetic (Chioccariello et al., 2020; Dehbozorgi & Roopaei, 2024; W. Tan et al., 2026).The relationships and sequence of algorithmic sub-constructs in the Arithmetic Cargo Train activity are illustrated in Figure 2.
Figure 2. The relationships and sequence of algorithmic subconstructs in the Arithmetic Cargo Train activity
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The participants consisted of 32 fourth-grade students (14 girls and 18 boys, aged 8–9 years) from a public elementary school in Deresan, Sleman, Yogyakarta, Indonesia, who had prior exposure to basic arithmetic but demonstrated limited ability in sequential problem-solving. The study was conducted in three phases: a preliminary teaching experiment to develop an initial hypothetical learning trajectory (HLT), a teaching experiment to implement the refined HLT using the Arithmetic Cargo Train across sequential learning activities, and a retrospective analysis to examine and revise the HLT based on collected data (Debevec & Kersic, 2024; Frey et al., 2024; Hulett et al., 2014; Schwartz et al., 2025). Data were collected through pre- and post-tests, unstructured interviews, classroom observations, and documentation of students’ work, with activities recorded using static and dynamic cameras (Brotman et al., 2013; Gottfried, 2019; T. Kulkarni & Sullivan, 2022; Mata et al., 2022; Musso et al., 2020). Data analysis involved examining student responses and classroom interactions to interpret learning processes, refine the HLT, and propose local instructional theories. Internal validity was ensured through triangulation of observations, interviews, and documentation, while external validity considered the applicability of the findings to similar classroom contexts (Dehbozorgi & Roopaei, 2024; Ritter & Standl, 2024; Wilson et al., 2015).
RESULTS
Each step integrates concrete manipulatives with symbolic representations and supports the development of algorithmic sub-constructs such as decomposition, ordering, operation selection, iteration, and verification. Figure 3 shows the overall flow of the Arithmetic Cargo Train activity, from the introduction of the train to students’ reflection on their strategies.
Figure 3. Arithmetic Cargo Train Activity Flow
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Based on this activity, we observed students’ initial understanding of arithmetic problems. In the early stages of learning, most students demonstrated varying abilities in understanding and solving arithmetic problems. Some students were able to calculate correctly but still used repeated addition, while others immediately used the multiplication symbol. The Arithmetic Cargo Train activity served as a diagnostic tool to assess students’ readiness before beginning step-by-step problem-solving. This is analyzed in further detail in the following study. 
1. Students’ Initial Understanding of Arithmetic Problems
In the early stages of learning, most students demonstrate varying abilities in understanding and solving arithmetic problems. Some students can calculate correctly but still use repeated addition, while others immediately use the multiplication symbol. The Arithmetic Cargo Train activity serves as a diagnostic tool to assess students’ readiness before beginning step-by-step problem-solving. This aligns with the findings of (Demers, 2020; Denvir et al., 2026; Hofkens et al., 2022; Lerkkanen et al., 2023; Listyaningrum et al., 2025), which indicate that numerical readiness influences students’ strategies for solving arithmetic problems.
Figure 4. Students’ Initial Understanding through the Arithmetic Cargo Train Activity
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A dialogue that shows how understanding and problem-solving are demonstrated in the following conversation.
	Teacher
	:
	“If one car holds 80 passengers and there are 6 cars, what is the total number of passengers?”

	Student 1
	:
	“80 + 80 + 80 + 80 + 80 + 80 = 480, Ma’am!”

	Student 2
	:
	“I think we can also calculate it by multiplication: 6 × 80 = 480. So the result is the same.”

	Student 3
	:
	“But if we use addition, we can see that each car adds 80, so the total is clearer.”

	Student 4
	:
	“Multiplication is faster too, but I agree with Student 3—writing it out one by one makes it easier to check.”

	Student 1
	:
	“Yes, that’s right. So if one of the additions is wrong, we can see which car is wrong.”

	Student 2
	:
	“But if we memorize the multiplication tables, we can figure out the answer right away without writing everything out.”

	Teacher
	:
	“Great! You’ve debated and compared two ways of calculating. Some use repeated addition, others use multiplication. Both are correct. This shows that you can think algorithmically in different ways.”



Figure 5. Students’ Answers
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Although most students were able to follow the sequence of activities in the Arithmetic Cargo Train and solve the arithmetic problems step by step, not all students demonstrated the same level of mastery. Some students had difficulty understanding the changes in the numbers in each car and determining the correct operation. For example, some students initially continued to use repeated addition to calculate the total number of passengers or cargo, while others were able to use the multiplication symbol right away.
In addition, some students needed the teacher’s help to write down arithmetic equations or to verify their results. This indicates variations in students’ ability levels and understanding of arithmetic concepts within the class. This performance distribution aligns with the observation that: 1) Some students (Level 1) have not yet mastered multiplication and division, 2) Some students (Level 2) do not fully understand the problems, 3) Other students (Level 3) understand the concepts but still make calculation errors, 4) Only some students (Level 4) can understand and solve the problems correctly on their own. 
This approach emphasizes the importance of step-by-step guidance, the use of concrete manipulatives, and reflective discussions in helping all students develop problem-solving skills and algorithmic thinking.
2. Development of Step-by-Step Problem Solving
The learning trajectory shows that students begin to solve problems systematically. Each train car represents a step in an arithmetic calculation. This strategy helps students understand the importance of sequencing and decomposition. This sub-construction is important because it builds the foundation for algorithmic thinking early on (Kelz & Krammer, 2024).
Figure 6. Developing Problem-Solving Skills Through the Arithmetic Cargo Train Activity
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A dialogue that shows how understanding and problem-solving are demonstrated in the following conversation.
	Teacher
	:
	“Now, count all the boxes of fruit, vegetables, and potatoes in the 3 train cars.”

	Student 1
	:
	“There are 65 boxes of fruit, 58 boxes of vegetables, and 50 boxes of potatoes. If we add them up, 65 + 58 + 50 = 173 boxes, Teacher.”

	Student 2
	:
	“I’ll count by car first. Car 1: 65, car 2: 58, car 3: 50. So 65 + 58 = 123, then 123 + 50 = 173 boxes.”

	Student 3
	:
	“If I use a model with sticks or mini boxes for the train cars, I can look at each car first. That makes it easy to calculate the total.”

	Student 4
	:
	“I was confused at first, but now I can sort the boxes by train car and count them one by one.”

	Teacher
	:
	“Great! You’ve broken the problem down into smaller parts and worked through it step by step. Some of you used the train car model, while others just counted the numbers directly.”



3. Algorithmic Sub-Constructs in Student Reasoning
This activity highlights five main sub-constructs in student reasoning:
a. Decomposition – Breaking down the problem into the load of each car. 
b. Sequencing – Ordering arithmetic operations according to the train car steps. 
c. Operation Selection – Determining when to use +, −, ×, ÷. 
d. Iteration – Repeating similar steps in the next compartment. 
e. Verification & Debugging – Checking the final results and explaining the calculation process. 
A dialogue that shows how understanding and problem-solving are demonstrated in the following conversation.
	Teacher
	:
	“If there are 350 sacks and each car can hold 50 sacks, how many cars are needed?”

	Student 1
	:
	“350 ÷ 50 = 7 cars, Ms. Teacher.”

	Student 2
	:
	“I think only 6 cars are needed, because 50 × 6 = 300, which is 50 short, so 6 cars are enough.”

	Student 3
	:
	“But if there are only 6 cars, 350 − 300 = 50 sacks are left over. There should be an extra car so that all the cargo fits.”

	Student 1
	:
	“Yes, so 7 cars so that all 350 sacks fit.”

	Student 2
	:
	“Oh… so if there’s any left over, we have to add more cars, right, Ms.?”

	Teacher
	:
	“That’s right! Here’s an important example: you have to check your calculations. Sometimes, if we just guess, we might get it wrong. By calculating 350 ÷ 50, we know we need 7 railcars to fit all the sacks.”

	Student 3
	:
	“So we can calculate step by step, then check the result. If there’s a remainder, that means we need to add more cars.”



4. Transition from Concrete to Symbolic Representation
Students initially use concrete manipulatives (sticks, miniature figures, train cars) to understand quantities and operations. Next, they write arithmetic equations. This transitional stage demonstrates the development of symbolic abilities, consistent with the findings of (Gottfried, 2019).
A dialogue that shows how understanding and problem-solving are demonstrated in the following conversation,
	Student 8
	:
	“If there are 20 passengers in one car, 6 cars means 6 × 20 = 120 passengers.”

	Teacher
	:
	“That’s right! Now you see the connection between direct counting and writing mathematical symbols.”


The results of the transition are illustrated in the following student responses.














Figure 7. Transition Results 
[image: ]        6 × 20 = 120 passengers
5. Mathematical Explanation and Communication
This activity encourages students to articulate their strategies and compare their answers with their classmates. This discussion enhances conceptual understanding and mathematical communication skills, which are an important part of mathematical discourse (Kazemi & Stipek, 2001).(Bowie & Graven, 2024; Compagnoni et al., 2025; Kelz & Krammer, 2024; Pellizzoni et al., 2022).
	Teacher
	:
	“Now tell me the steps you took to calculate the total.”

	Student 9
	:
	“I added 125, subtracted 78, then added 64, so the total is 345.”

	Student 10
	:
	“But if I add 125 and 64 first, then subtract 78, is the result still 345?”

	Student 9
	:
	“Yes, if calculated correctly, the result is the same, but I like to write down the steps one by one so it’s easier to check.”

	Student 10
	:
	“Ah, I see. If we list the steps in order, we can spot mistakes more quickly.”



6. Learning Trajectories Based on Student Performance
The distribution of student answers shows a progression from initial understanding to full mastery. The four competency levels can be summarized as follows:
Table 2. LearningTrajectories Based on Student Performance
	Level
	Description
	Number of Students

	1
	Does not master multiplication/division
	2

	2
	Does not understand the problem
	5

	3
	Understands the concept but cannot perform the calculation
	11

	4
	Understands and answers correctly
	14


The Arithmetic Cargo Train activity provides a real-world context for developing step-by-step problem-solving skills in elementary school students and explicitly facilitates learning based on a learning trajectory. Students begin by learning about the train cars and the value of each stick, then learn to connect changes in the number of sticks in each car to arithmetic operations, write equations (Al-Omar et al., 2023; Kyllonen, 2020), verify results, and explain the process. For example, students calculate the total load using addition and subtraction in sequence:

or use multiplication for a fixed total load:

The observed learning trajectories show a gradual progression from concrete representations (sticks and blocks) to symbolic representations (arithmetic equations), reflecting algorithmic sub-constructs: decomposition, sequencing, operation selection (+, −, ×, ÷), iteration, and verification/debugging (Hofkens et al., 2022; Lerkkanen et al., 2023; Listyaningrum et al., 2025). For example, students visualize the number of passengers in each car, group the loads, and write the equation:

Each step in this learning trajectory builds systematic thinking skills: students identify the context of a problem, connect changes to appropriate operations, perform calculations step by step, and finally verify and explain their results (R. V. Kulkarni et al., 2025; Sevilla et al., 2023). This process enhances students’ mathematical communication and supports authentic, staged learning, consistent with the findings of (Bowie & Graven, 2024; Cardozo Politi & Biramontes, 2024), who emphasize the importance of real-world contexts in the development of arithmetic strategies among elementary school students.

CONCLUSION
Based on the research findings, it can be concluded that the Arithmetic Cargo Train activity provides an effective real-world context for developing arithmetic problem-solving skills in elementary school students in a step-by-step manner. Students demonstrated improvement in:
1. Understanding the problem context and identifying the initial quantity. 
2. Relating changes in quantities to arithmetic operations (+, −, ×, ÷). 
3. Performing operations sequentially using algorithmic strategies. 
4. Writing equations, verifying results, and explaining the problem-solving process. 
Algorithmic sub-constructs such as decomposition, ordering, operation selection, iteration, and verification developed significantly. These activities also facilitated the transition from concrete manipulatives to symbolic representations, improved students’ mathematical communication skills, and supported staged learning in real-world contexts. These results indicate that the use of real-world contexts and algorithm-based manipulatives can be effective strategies in elementary mathematics education.
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