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					ABSTRACT  
Computational Thinking (CT) has emerged as an essential 21st-century skill, recognized globally as fundamental for problem-solving in a technology-driven world. Despite its growing integration into curricula worldwide, empirical data on CT levels among Indian secondary school students remains scarce. The objective of the study is aimed to assess and describe the levels of Computational Thinking among secondary level students using a standardized 35-item Computational Thinking Test (CTT), and to examine the distribution of CT levels across gender, age, and class variables. The study employed a descriptive survey design using intact group sampling. The sample comprised of 30 students of Secondary students Boys (13) and Girls (17) from PM SRI Demonstration School, CBSE School, Mysore, Karnataka, India, with an age range of 13–15 years. The Computational Thinking Skill Test (CTST) was administered, consists of 40 items, assessing dimension wise such as Decomposition, Abstraction, Algorithmic Thinking, and Pattern Recognition. the Percentage analysis revealed that 56.7% of students demonstrated a medium level of CT, while 43.3% showed a Low level, and no student attained a High level of CT. Girls performed comparatively better than boys in CT proficiency, and 15-year-old students recorded the highest mean CT score. Dimension-wise analysis showed that Decomposition was the strongest CT skill, whereas Algorithmic Thinking was the weakest. The findings recommended that moderate CT proficiency among Class 9 students and highlight the need for CT-based instructional interventions in alignment with the National Education Policy 2020 and the Central Board of Secondary Education CT and AI Curriculum Framework (2026–27).
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1.0 Introduction: 
		In the contemporary digital era, defined by rapid technological advancement, the ability to think computationally has been identified and emerged as one of the most critical competencies for students of the 21st century learners. The term Computational Thinking (CT) was popularized by Jeannette Wing in her landmark influential work in 2006 essay encompasses a set of cognitive processes as an essential skill in the 21st century like read, write and numerical ability which include problem decomposition, pattern recognition, abstraction, and algorithmic design, which enable individuals to formulate problems and express their solutions in ways that can be carried out by a computer or by humans (Wing, 2006). Jennette Wing argued that CT is "a fundamental skill for everyone, not just computer scientists," proposing its inclusion alongside reading, writing, and arithmetic in every child's analytical toolkit rather than being limited solely to the field of computer science. (Wing, 2006, p. 33).
Following the seminar work by wing in 2006, the CT emerged as a significant prominence in educational research and curriculum reforms across the globe. Numerous countries such as including the United States, the United Kingdom, Finland, Singapore, and Australia have integrated CT into their K–12 curricula (So et al., 2020). Empirical research studies have consistently demonstrated that CT-enriched learning environments enhance students problem-solving abilities, logical reasoning, and academic performance across all disciplines (Chytas et al., 2024; Harangus & Katai, 2020). Conceptually, the conceptual framework of CT grounded on four core components of CT such as Decomposition (breaking complex problems into manageable parts), Pattern Recognition (identifying similarities and patterns within and across problems), Abstraction (focusing on essential information while ignoring irrelevant details) and Algorithmic Thinking (developing step-by-step solutions that can be systematically applied (Wing, 2006; CSTA & ISTE, 2011).
Despite the increasing the global momentum on emphasizes of CT, the integration of CT in Indian secondary education has been progressed comparatively slow. The India's National Education Policy (NEP) 2020 explicitly emphasized the development of 21st-century competencies, including computational and critical thinking, as core competencies such as across all stages of the school education like from foundational to secondary level (NEP, 2020).  In alignment with this vision, by reinforcing this vision, the Central Board of Secondary Education (CBSE) launched its Curriculum on Computational Thinking and Artificial Intelligence for Classes III to VIII in the academic session 2026–27, marking a transformative shift toward early-stage CT education aligned with the NCF-SE 2023 (CBSE, 2026). Nevertheless, a significant research gap persists while policy frameworks articulate the importance of CT, empirical research assessing the actual CT levels of Indian secondary school students particularly at the secondary stage student’s proficiency level was limited.
In Indian education schooling system, the secondary stage especially class 9th is very crucial stage, where students gradually develop their higher order thinking skills from formal operational thinking abilities within the age group of 13 to 15 years.  The study by (Jiang et al., 2022). Suggested that, especially the secondary stage is very crucial for the development of thinking process that highly conducive to the acquisition and enhancement of computational thinking skills (CTS). At this juncture therefore, to examine the CT level proficiency at secondary stage is essential for developing instructional strategies and interventions which are pedagogically sound in the context of problem solving and for establishing reliable assessment which are suitable for the in Indian educational context. 
The present study attempts to address this research gap by administering a validated 40-item Computational Thinking Test (CTT) on Class 9 students of secondary school students and employing descriptive percentage analysis to examine the distribution of CT levels across gender, age, and dimension wise analysis. The study contributes to the emerging body of research on CT assessment within South Asian secondary education and offers empirical, data-driven insights for teachers, curriculum developers, and educational policymakers.
1.0 Conceptual framework
1.1 Definition and concept of Computational Thinking. 
	In 21st century digital era, the computational thinking skills globally, emerged as a fundamental educational competency with the popularization of Jennette wing article in 2006. (Wing, 2006). Jennette Wing defined CT as process of “solving problems, designing systems, and understanding human behavior, by drawing on the concepts fundamental to computer science," positioning it as a universal cognitive skill applicable across all disciplines and age groups. Subsequently, Wing (2011) broadened this definition to encompass the thought processes involved in formulating problems and expressing their solutions in forms that can be effectively carried out by an information-processing agent. The K–12 Computer Science Framework (CSTA & ISTE, 2011) further operationalized this perspective by describing CT as the thought processes involved in expressing solutions as computational steps or algorithms executable by a computer.
Extending the foundational work of Jennette wing CT framework, the eminent scholar Barr and Barr and Stephenson operationalized CT for K-12 education in classroom context by identifying several key core constructs or component of CT such as identifying problem decomposition, recognizing patterns, abstraction, algorithm thinking, debugging, data collection and data simulation. Subsequently, these components served as a base to develop computational thinking assessment framework and instruments across educational settings globally. 
For the present study, CT is conceptualized through four major sub components such as decomposition, pattern recognition, abstraction and algorithms which are widely accepted by various organization BBC & ISTE, CSTA in the context of problem solving to integrate within the K-12 educational curriculum.  The component of decomposition refers to the ability to break down problem into smaller manageable parts, divide problem into smaller parts and framing sub questions. Pattern recognition is the ability to identify similarities, trends, recurring patterns and relationships within and across the curriculum or problem. The third major component of CT is abstraction which denote the ability to extracting essential information while disregarding relevant and irrelevant information and generalize the solution in the context of the problem. The last most important component of the CT is algorithmic thinking which refers to the ability to crate step by step solutions logically for problem solving. In the present study, collectively These four dimensions constitute the theoretical and operational framework within which the Computational Thinking Test (CTT) which is employed in the used in the present study investigation. 
Further, CT framework informed by the study of Jiang et al., (2022) which states, the, the CT skills can evolve progressively with age and cognitive maturation in the perspective of development of CT. At the same time, CT skills are significantly influenced by the instructional exposure, curriculum designs and pedagogical practices, rather than being an inherent ability alone (Wing, 2006; Liu et al., 2024). This theoretical perspective forms the basis for the three major objectives of the present study that assessing the overall CT levels of secondary students and examining differentiation in CT across gender and age groups, and analyzing performance across CT dimension wise and provides the theoretical lens through which the findings are interpreted and discussed.
3. Review of Literature
3.1 Assessment of Computational Thinking in School Students
	Over the past decade, the assessment of CT skills gained significant research attention in the evaluation of secondary level CT skills. The most prominent scholar Roman-Gonzalez (2015) developed the Computational Thinking Test which is widely recognized assessment tool, that is consists of stamen questions on various CT skills for measuring CT skills. The instrument was originally constructed with 40 items and was subsequently refined to 28 items following content validation by a panel of 20 experts. The CTT was later validated using a sample of 1,251 students from Grades 5 to 10 in Spain and demonstrated satisfactory internal consistency reliability Cronbach’s α = 0.79, (Roman-Gonzalez et al., 2017).
Building up on the CTT tool later stage, Zapata Caceres et al., (2020) developed the Beginners Computational Thinking Test (BCTt) for younger learners, while El-Hamamsy et al., (2022) introduced the Competent Computational Thinking Test (cCTt) for upper primary students and reported significant grade-wise differences in CT performance. Additionally, Tang et al. (2020) identified multiple CT assessment formats and highlighted the lack of standardization in CT proficiency measurement across K–12 education.
3.2 CT Levels Among Secondary School Students
	The previous research studies examined on computational thinking skills levels among secondary school level students and reported various findings across educational context. A descriptive study by Sovey et al., (2022) conducted on 535 Malaysian students using the Computational Thinking Disposition Instrument (CTDI). The study results revealed that students' CT profiles encompassed cognitive, affective, and conative dispositions, observed with levels variations across gender groups assessed through Rasch-model analysis. Similarly, Jiang et al., (2022) while, exploring developmental differences in CT among the group aged 9–13, found that CT skills enhance with age and older students consistently performed better than the younger students across CT skills before formal instructions. 
Chen and Hu (2024), conducted a study on secondary school students with the sample of 351 students from eight schools in China, results, revealed that a significant relationship between ICT literacy and Computational Thinking (CT) skills, are emphasis on importance of technology-supported learning environments in enhancing CT development. Likewise, a study conducted by Karaahmetoglu & Korkmaz, (2023) action research over a period of 14 weeks among Grade 5 and 6 students. Findings revealed that there is a significant improvement in enhancing CT skills following instructional intervention, while qualitative findings found that the student motivation and engagement increased towards lessons throughout intervention. Over all, these findings, collectively, suggest that secondary school students generally demonstrate moderate levels of CT proficiency prior to receiving structured CT instruction. 
 3.3 Gender and Age Differences in CT
In recent studies, research on gender differences has attracted and growing scholarly attention in enhancing CT skills across gender. Wong (2024) conducted A systematic literature review examining 23 studies on gender differences on CT skills among primary and secondary school students, results reveled that existing research on inherent gender differences remains insufficient and that findings are highly context-dependent. A meta-analysis by Hu (2024) synthesizing 30 articles on gender differences in CT among K–12 students found inconsistent outcomes in some regional contexts (notably East Asia) boys scored higher, while in others (particularly Europe and Central Asia) girls scored higher or no significant difference was found, suggesting that observed disparities reflect socio-cultural and pedagogical factors rather than inherent cognitive differences.
With respect to age, in enhancement of CT skills across age consistently support a development in CT skills. Jiang et al., (2022) study results revealed that CT skills including conditionals, logical operators, and pattern recognition showed developmental growth across age groups, though gender differences across ages were largely insignificant when controlling for instruction. Similarly, a study of Zhang & Wong, (2023) validating the Computational Thinking Test for Lower Primary (CTtLP) reported that student performance improved better with grade level and with no gender difference detected.
3.5 Need and Significance of the Study
Within the Indian educational context, research on Computational Thinking (CT) at the secondary school level is still limited. Although the National Education Policy 2020 (NEP,2020) and the Central Board of Secondary Education (CBSE, 2026) Computational Thinking and Artificial Intelligence Curriculum (2026–27) reflect growing policy-level emphasis on CT education, empirical studies examining the actual CT proficiency of secondary level students remain scarce. Existing most Indian studies have primarily given importance on higher education learners or relied on self-report measures rather than standardized performance-based assessments. In The present study researcher, an attempt to seeks to address this research gap by employing a structured and validated 40-item Computational Thinking Test (CTT) with intact groups of secondary level students and conducting a systematic percentage analysis. In doing so, the study contributes foundational empirical evidence to support data-driven curriculum development and CT integration within Indian secondary education.
4.0 Objectives of the study 
1. To assess the overall level of Computational Thinking among secondary level students. 
2. To examine the distribution of Computational Thinking levels among secondary school students with respect to Gender and Age.
3. To analyses the dimension wise performance among secondary school students.
5.0 Methodology 
5.1 Research Design
The present study adopted a descriptive survey research design with a quantitative approach to assess the Computational Thinking (CT) levels of secondary level students. Descriptive research design is appropriate for systematically describing the characteristics and distribution of variables within a specific population (Creswell, 2014). Percentage analysis was employed to analyse as the primary statistical technique to examine the distribution of CT levels across various demographic variables such as gender and age.

5.2 Sample
The study employed a group of secondary level students following a non-probability sampling technique frequently used in school-based educational research to preserve natural classroom settings (Cohen et al., 2018). The sample consisted of 30 Class 9 students studying at PM SHRI Demonstration School, Mysuru, Karnataka, India, during the academic year 2025–2026. The sample included 13 boys and 17 girls within the age range of 13–15 years, with a mean age of 14 years.
5.3 Tool Description
Data were collected using a researcher-developed Computational Thinking Test (CTT) comprising 40 performance-based items designed to assess Decomposition, Pattern Recognition, Abstraction, and Algorithmic Thinking as major core components of CT.  Each question carries Two marks and maximum score is 80 of 40 questions. Each dimension carries 10 questions following the equal distribution of item for each dimension. The CTT tool was developed and adapted for Indian secondary school students based on established CT frameworks proposed by Jeannette Wing (2006) and Barr and Stephenson (2011). The tool demonstrated satisfactory internal consistency reliability with a Cronbach’s alpha coefficient of α = 0.722.
5.4 Data Collection Procedure
Prior to collect data the permission was obtained from the school principal. The CTT test was administered to the students during regular school hours under standardized classroom conditions. Students were given one hour to complete the test. Participation in the study was voluntary, and informed consent was obtained from principal prior to data collection. Confidentiality and anonymity of participants were strictly maintained.
5.5 Data Analysis
The collected data were analyzed using descriptive statistical techniques, primarily percentage analysis, computed using the following formula to attain over all CT, age and gender wise CT level and Dimension wise performance. Statistical computations were employed to using Excel and IBM SPSS Statistics Version 25.  

6.0 Results Analysis 
6.1 Level of Computational Thinking Skills among secondary level students 
In order to assess the overall level of Computational Thinking among Secondary students the descriptive and percentage analysis was performed.  
The Table 1 represents the analysis of frequency and percentage distribution of class 9th student of CT levels. Levels are classified into Low, Medium and High and the number of questions were 40 and the maximum score was 80. 
		Table 1: Descriptive Statistics of CT Level 
	Variable 
	N 
	Mean 
	SD 

	CT Level 
	30 
	1.57
	0.50


Table 1 presents the descriptive statistics of Computational Thinking (CT) levels among Secondary students. The mean score of the students was found to be 1.57 with a standard deviation of 0.50. The obtained mean indicates that the overall computational thinking level of the students was moderate in nature. Further, the low standard deviation reveals that the variation in computational thinking levels among the students was comparatively less, indicating relative homogeneity in the distribution of scores.
	Table 2: Overall Distribution of CT Levels Among Secondary Students (N = 30) 
	CT Level
	Score Range (out of 80)
	Percentage Range (%)
	Frequency (n)
	Percentage (%)
	Cumulative (%)

	Low
	0 – 26
	0 – 32
	13
	43.3
	43.3

	Medium
	27 – 53
	33 – 66
	17
	56.7
	100

	High
	54 – 80
	67 – 100
	00
	00
	

	Total
	
	
	30
	100
	100


Table 2 and figure 1 shows the overall distribution of computational thinking levels among Secondary students. The findings reveal that out of 30 students, 17 students (56.7%) belonged to the medium level category of computational thinking, whereas 13 students (43.3%) were found at the low level. None of the students were categorized under the high level of computational thinking.
The cumulative percentage analysis further indicates that all the students were distributed only between low and medium categories, with no representation in the high computational thinking level category. This suggests that although a majority of students demonstrated moderate computational thinking skills, a substantial proportion of students still possessed low levels of computational thinking abilities.
Overall, the findings indicate that the computational thinking competency of Secondary students requires further enhancement through appropriate instructional strategies and learning interventions in mathematics education.

Fig no 1: Overall Distribution of Computational Thinking Levels Among Secondary Students
6.2 CT Levels by Age and Gender 
To examine the distribution of Computational Thinking levels among Secondary students with respect to Gender and Age.
		Table 3: Gender Wise Distribution of CT Levels.	
	CT Level
	Score Range
	Boys 
	Boys %
	Girls 
	Girls %
	Overall %

	Low
	0–26
	07
	53.8
	06
	46.2 
	13 (100)

	Medium
	27–53
	06
	35.3 
	11
	64.7
	17 (100)

	High
	54–80
	00
	00
	00
	00
	00

	Total
	
	13
	100
	17
	100
	30(100)


Note. Percentages computed within each gender group (row percentages). n = number of students in each CT level by gender.
The table 3 and figure 2 presents the gender-wise distribution of computational thinking (CT) levels among secondary students. The findings indicate that among the students categorized under the low computational thinking level, 53.8% were boys and 46.2% were girls. In the medium computational thinking category, girls constituted a higher proportion (64.7%) compared to boys (35.3%). No students, irrespective of gender, were found under the high computational thinking level category.
The results suggest that girls demonstrated relatively better computational thinking performance than boys, as a larger percentage of girls belonged to the medium CT level category. In contrast, boys showed comparatively greater representation in the low CT level category. The absence of students in the high CT level category indicates that both boys and girls require further enhancement of computational thinking competencies.
Overall, the findings reveal that the computational thinking abilities of the students were primarily concentrated within low and medium levels, with girls exhibiting comparatively stronger computational thinking skills than boys. The results emphasize the need for effective pedagogical interventions and computational thinking-based instructional strategies in mathematics education to improve higher-order thinking skills among secondary school students.

		Figure 2: Overall distribution of CT Levels (Gender Wise)

		
	
			Table 4: Gender wise Mean CT scores 
	Gender
	n
	Mean Score (out of 80)
	Mean %
	SD

	Boys
	13
	27.38
	34.23
	6.93

	Girls
	17
	28.59
	35.74
	6.27

	Total
	30
	28.07
	35.08
	6.48


		Note. Mean % = (Mean Score / 80) × 100. SD = Standard Deviation.

		Figure 3: Gender wise mean CT scores 
Table 4 and figure 3 presents the mean computational thinking scores of boys and girls among Secondary students. The findings reveal that girls obtained a slightly higher mean score M = 28.59, SD = 6.27 compared to boys M = 27.38 and SD = 6.93. The mean percentage scores also indicated that girls (35.74%) performed marginally better than boys 34.23% in computational thinking skills. The overall mean computational thinking score of the students was found to be 28.07 (SD = 6.48), corresponding to a mean percentage of 35.08%. The results suggest that the computational thinking level of both boys and girls was moderate, with only slight variation between the groups.
		Table 5: Age Wise Distribution of CT Levels.
	CT Level
	Score Range
	13 yrs
n=13
	13 yrs
(%)
	14 yrs
n=12
	14 yrs (%)
	15 yrs
n=05
	15 yrs
(%)
	Total 

	Low
	0–26
	06
	46.2
	06
	46.2
	01
	7.7
	13 (100)

	Medium
	27–53
	07
	41.2
	06
	35.3
	04
	23.5
	17(100)

	High
	54–80
	00
	00
	00
	00
	00
	00
	00

	Total
	—
	13
	43.3
	12
	40.0
	05
	16.7
	30(100)


Note. Percentages computed within each age group (row percentages). n = number of students in each CT level by age group.
Table 5 presents the age-wise distribution of computational thinking (CT) levels among Secondary students. The findings indicate that among the students aged 13 years, 46.2% belonged to the low CT level and 41.2% belonged to the medium CT level, while none of the students were categorized under the high CT level. Similarly, among 14-year-old students, 46.2% were found in the low CT category and 35.3% were in the medium CT category, with no students under the high-level category. In the case of 15-year-old students, 7.7% belonged to the low CT level and 23.5% belonged to the medium CT level, whereas no students were identified under the high CT level.
The results further reveal that students among all age groups were predominantly distributed between low and medium computational thinking levels, and in contrast, surprisingly, no student attained the high computational thinking category. Among the three age groups, 15-year-old students showed relatively better representation in the medium CT level compared to the younger age groups compare with the 13 and 14 age groups. 

		Figure 4: Age wise Distribution of CT Levels.
Table 6: Mean CT Score by Age Group
	Age 
	n
	Mean Score (out of 80)
	Mean %
	SD

	13 years 
	13
	27.69
	34.61
	7.55

	14 Years 
	12
	27.50
	34.37
	6.24

	15 years 
	05
	30.40
	38.00
	4.15

	Total
	30
	28.06
	35.07
	6.47


	Note. A developmental trend is expected: Mean % increases from 13 years, 14 years to 15 years.
Table 6 presents the mean computational thinking scores of students based on age groups. The findings show that 15-year-old students obtained the highest mean CT score M = 30.40, SD = 4.15, followed by 13-year-old students M = 27.69, SD = 7.55 and 14-year-old students of M = 27.50, SD = 6.24. The mean percentage scores also indicate that 15-year-old students achieved comparatively better computational thinking performance 38.00% than students aged 13 years 34.61% and 14 years 34.37%.
The overall mean computational thinking score of the students was found to be 28.06 with a standard deviation of 6.47, corresponding to a mean percentage of 35.07%. The findings suggest that computational thinking skills among the students were generally moderate, with slight differences observed across age groups. Older students demonstrated comparatively better computational thinking performance than younger students.

		Figure 5: Mean CT Scores by Age wise.
6.3 Dimension wise CT analysis 
The Computational thinking skill test comprised of four CT sub-skills such as Decomposition, Pattern recognition, abstraction and algorithms. Each dimension was assessed by 10 items with the maximum of 20 marks for each dimension. Table 4 presents the mean score, mean percentage, SD, and CT level for each dimension. 
	

		Table 7: Dimension wise Mean score of CT Skill
	CT Sub-skill
	Item Nos.
	Max Score
	Mean Score
	Mean %
	SD
	CT Level

	Decomposition
	1–10
	20
	8.30 
	41.5
	3.66
	Medium

	Pattern Recognition
	11–20
	20
	7.37
	36.85
	2.41
	Medium

	Abstraction
	21–30
	20
	6.23
	31.15
	2.30
	Medium 

	Algorithmic Thinking
	31–40
	20
	6.17
	30.85
	1.78
	Low 

	Overall CT
	1–40
	80
	28.06
	35.07
	6.47
	Medium


Note. Dimension wise CT Level: Low = 0–6 (0–30%), Medium = 7–13 (31–65%), High = 14–20 (66–100%). 
Mean % = (Mean / Max) × 100.

Figure 6: Dimension wise mean scores of CT
Table 7 and figure 6 represents the dimension wise performance of secondary school students on the Computational Thinking Test. Decomposition recorded the highest mean percentage of 41.5% out of 20, indicating it as a relative area of computational thinking strength among Secondary students, at the medium level. Pattern Recognition and Abstraction recorded mean percentages of 36.85% and 31.15% respectively, both at the medium proficiency level. In contrast, Algorithmic Thinking items yielded the lowest mean percentage 30.85%, classifying it at the Low level and identifying this as the most challenging computational thinking skills of secondary school level students.
The overall mean computational thinking score was 28.06 with the mean percentage of 35.07%, reflecting the medium level of computational thinking proficiency among the students. The findings indicate that while students demonstrated moderate abilities in decomposition, pattern recognition, and abstraction, they experienced greater difficulty in algorithmic thinking skills. This suggests the need for instructional interventions that specifically focus on enhancing students’ procedural reasoning, logical sequencing, and step-by-step problem-solving abilities in mathematics education.
7.0 Discussion: 
The present study findings revealed that the Computational Thinking levels of secondary level students ae remains at developing stage. The majority of students were demonstrated moderate level CT skills, while others are significantly performed at the Low level and none attained High-level proficiency. This implies that students have only basic foundational CT abilities and have not yet developed advanced computational thinking skills at the secondary level. In contrast, findings are corroborated by the earlier studies by Chongo, et.al., (2020), who reported moderate levels of CT among secondary school students and emphasized the need for systematic instructional support for CT development. Similarly, Liu et al., (2024), in their systematic review, concluded that students generally exhibit limited CT proficiency when CT concepts are not explicitly integrated into classroom instruction. 
The obtained results are in with the agreement of the foundational perspective proposed by Wing (2006), who argued that computational thinking is a fundamental cognitive skill that must be intentionally cultivated through structured educational experiences rather than acquired incidentally. In the Indian educational context, the findings further align with the vision of the National Education Policy 2020, (NEP,2020), which advocates the integration of critical thinking, problem-solving, and computational skills within school education.
The age wise analysis revealed that marginal differences in CT performance across different age groups, with 15-year-old students scoring slightly higher than the 13- and 14-year-old students. This trend suggests a gradual developmental progression in CT skills with increasing age and cognitive maturity. The finding is aligned with Jiang and Wong (2022), who observed that CT abilities tend to improve gradually as students mature cognitively. 
However, the relatively small differences across the age groups indicate that maturation alone is insufficient to produce substantial improvement in CT competency. Similar conclusions were drawn by Grover and Pea (2013), who emphasized that CT skills require explicit instruction, guided practice, and carefully designed learning environments. Additionally, furthermore, the findings also align with the observations of Shute, Sun, and Asbell-Clarke (2017), observations that meaningful CT development occurs and require when students are systematically engaged in authentic problem-solving and reasoning activities.
A dimension-wise analysis revealed that students exhibited relatively performed better in Decomposition, Pattern Recognition, while Abstraction and particularly Algorithmic Thinking identified as weaker areas. Comparatively, the stronger performance in Decomposition suggests that students possess a basic ability to break complex problems into smaller manageable parts, likely, consistent regular exposure to procedural problem-solving activities in mathematics classrooms. Conversely, the lower performance in Algorithmic Thinking indicates challenges in logical sequencing, procedural reasoning, and step-by-step solution construction. This finding is consistent with the study of Huda and Rohaeti (2024), who identified algorithmic thinking as the weakest component of CT among secondary school students. Similarly, the study conducted by Mulyono, et al., (2024) reported that students encounter greater difficulty in CT tasks that necessitate the structured procedural reasoning and logical thinking. 
The findings are also theoretically aligned with the Barr and Stephenson (2011), who characterized algorithmic thinking as a higher-order CT competency that requires explicit pedagogical scaffolding and systematic instructional practice. Additionally, furthermore Brennan and Resnick (2012) emphasized that CT competencies such as abstraction and algorithmic reasoning most effectively developed only when students are actively engaged in exploratory, collaborative, and design-oriented learning environments. Consequently, at this juncture, the present findings highlight the urgent need for integrating CT-focused pedagogical strategies, such as logical sequencing activities, flowcharting, coding-based reasoning tasks, and problem-based learning approaches, within the secondary mathematics curriculum to strengthen students’ higher-order thinking and computational problem-solving abilities.

8.0 conclusion: 
The present study examined the secondary level students of computational thinking skills through computational thinking test that consist of four core dimensions, such as, decomposition, pattern recognition, abstraction and algorithms using 0-1-2 scoring scheme. The obtained findings revealed that collectively, the CT levels of the proficiency predominately concentrated at the moderate level (56.7%) and Low level (43.3%) while, no student achieved high level CT competency. This finding suggesting that possess CT skills at developing stage not yet advanced level of CT competency.  
Gender wise analysis demonstrated that, comparatively, girls exhibited better performance of CT levels than the boys, with the at the medium CT level (64.7%), while boys showed greater representation at the Low CT level (53.8%). Further, age wise indicated a slight marginalized developmental progression in CT proficiency, with 15-year-old students obtaining the highest mean CT score M =30.40 with the Mean percent is 38.00%. Nevertheless, the overall mean percentage of 35.07% across all age groups reflects a generally moderate level of CT proficiency irrespective of age differences. CT proficiency was uniformly moderate across all age groups with the overall mean of 35.07%, which shows, only marginal age-related progression despite 15-year-olds recording the highest mean score as M = 30.40, and mean percentage 38.00%. 
Further, Dimension Analysis revealed that, Decomposition was the strongest CT dimension with 41.5% and Algorithmic Thinking the weakest 30.85%, underscoring underdeveloped procedural reasoning and logical sequencing among secondary level students. These findings establish a baseline for CT proficiency at the secondary level in India and support urgent integration of CT instructional strategies into the secondary level curriculum that aligned with the National Education Policy 2020 and the CBSE Computational Thinking and AI Curriculum framework (2026–27).
The findings of the present study emphasize the need to integrate Computational Thinking (CT)-oriented teaching strategies, including algorithmic reasoning, logical sequencing, and unplugged activities, within the secondary mathematics classrooms to enhance students’ CT competencies. The study also recommends the systematic incorporation of CT dimensions or core components into the secondary school curriculum through activity-based instructional and assessment practices. In addition, educational policymakers should strengthen CT-focused teacher training initiatives and support the implementation of the Central Board of Secondary Education Computational Thinking and AI Curriculum in accordance with the objectives of the National Education Policy 2020. Further research involving larger and more diverse samples is recommended to examine the long-term effectiveness of CT-based instructional interventions at the secondary school level.
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Age wise Distribution of CT Levels 

13 yrs	n=13	0–26	27–53	54–80	—	Low	Medium	High	Total	6	7	0	13	13 yrs	(%)	0–26	27–53	54–80	—	Low	Medium	High	Total	46.2	41.2	0	43.3	14 yrs	n=12	0–26	27–53	54–80	—	Low	Medium	High	Total	6	6	0	12	14 yrs (%)	0–26	27–53	54–80	—	Low	Medium	High	Total	46.2	35.299999999999997	0	40	15 yrs	n=05	0–26	27–53	54–80	—	Low	Medium	High	Total	1	4	0	5	15 yrs	(%)	0–26	27–53	54–80	—	Low	Medium	High	Total	7.7	23.5	0	16.7	Total 	0–26	27–53	54–80	—	Low	Medium	High	Total	0	0	0	0	



Age wise Mean CT Scores 

n	13 years 	14 Years 	15 years 	Total	13	12	5	30	Mean Score (out of 80)	13 years 	14 Years 	15 years 	Total	27.69	27.5	30.4	28.06	Mean %	13 years 	14 Years 	15 years 	Total	34.61	34.369999999999997	38	35.07	SD	13 years 	14 Years 	15 years 	Total	7.55	6.24	4.1500000000000004	6.47	



Dimension wise Mean scores of CT 

Decomposition	1–10	Max Score	Mean Score	Mean %	SD	CT Level	20	8.3000000000000007	41.5	3.66	0	Pattern Recognition	11–20	Max Score	Mean Score	Mean %	SD	CT Level	20	7.37	36.85	2.41	0	Abstraction	21–30	Max Score	Mean Score	Mean %	SD	CT Level	20	6.23	31.15	2.2999999999999998	0	Algorithmic Thinking	31–40	Max Score	Mean Score	Mean %	SD	CT Level	20	6.17	30.85	1.78	0	Overall CT	1–40	Max Score	Mean Score	Mean %	SD	CT Level	80	28.06	35.07	6.47	0	



Overall Distribution of CT Level 

Frequency (n)	0 – 32	33 – 66	67 – 100	0 – 26	27 – 53	54 – 80	Low	Medium	High	Total	13	17	0	Percentage (%)	0 – 32	33 – 66	67 – 100	0 – 26	27 – 53	54 – 80	Low	Medium	High	Total	43.3	56.7	0	100	Cumulative (%)	0 – 32	33 – 66	67 – 100	0 – 26	27 – 53	54 – 80	Low	Medium	High	Total	43.3	100	100	



Gender Wise Distribution of CT Levels 

Low	0–26	Boys	Boys %	Girls	Girls %	Overall %	7	53.8	6	46.2	0	Medium	27–53	Boys	Boys %	Girls	Girls %	Overall %	6	35.299999999999997	11	64.7	0	High	54–80	Boys	Boys %	Girls	Girls %	Overall %	0	0	0	0	0	Total	Boys	Boys %	Girls	Girls %	Overall %	13	100	17	100	0	



Gender Wsie Mean CT Scores 

Boys	n	Mean Score (out of 80)	Mean %	SD	13	27.38	34.229999999999997	6.93	Girls	n	Mean Score (out of 80)	Mean %	SD	17	28.59	35.74	6.27	Total	n	Mean Score (out of 80)	Mean %	SD	30	28.07	35.08	6.48	






