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Abstract 

Critical thinking is a fundamental skill in programming education, particularly as automation and 

generative artificial intelligence (GenAI) increasingly shape how programming is taught and 

practiced. Programming requires students to analyze ill-structured problems, evaluate multiple 

solution paths, debug and refine code, and justify design decisions. At the same time, concerns 

about GenAI have grown, with recent national survey data showing that nearly 90% of faculty in 

the United States believe these tools may weaken students’ critical thinking skills. Despite these 

concerns, there is limited synthesis of how critical thinking is currently defined, assessed, and 

supported within programming education research. This study addresses this gap through a 

systematic review of empirical studies focused on critical thinking in higher education 

programming contexts. 

Following PRISMA guidelines, we reviewed 19 empirical studies to examine the frameworks used 

to conceptualize critical thinking, the components emphasized, the instruments used for 

assessment, and the instructional interventions shown to be effective. The findings reveal 

substantial variation in how critical thinking is defined and measured, with most studies relying on 

broad educational or cognitive frameworks rather than critical thinking–specific models. However, 

there was consistent emphasis on analysis and evaluation as central components of critical thinking 

in programming. Interventions that showed positive outcomes typically involved authentic 

programming tasks, structured reflection, and timely feedback. Importantly, several studies 

demonstrated that GenAI tools, when intentionally designed as supports for reflection and 

evaluation, can contribute positively to students’ critical thinking. Together, these results suggest 

that the impact of GenAI on critical thinking is shaped less by the technology itself and more by 

the pedagogical choices surrounding its use, pointing to the need for clearer frameworks and 

theory-informed designs in future programming education research. 

Introduction 

Critical thinking (CritT) is an essential skill for students and professionals alike [1], [2]. This is 

especially important in programming, where learners must weigh multiple options and arrive at 

decisions that are both effective and ethically sound [3]. Programming tasks routinely require 

students to analyze ill-structured problems, evaluate alternative solutions, debug and refine code, 

and justify design decisions. Effective programming involves reasoning about trade-offs, 

anticipating unintended consequences, and applying prior knowledge to new contexts. At the same 

time, concerns about emerging technologies have heightened the urgency of this skill, with a 



recent national report indicating that nearly 90% of faculty in the United States believe that 

generative AI will diminish students’ critical thinking skills [4]. Developing students’ critical 

thinking in programming contexts is therefore essential for preparing engineers and computing 

professionals to address complex, real-world problems in an increasingly AI-mediated landscape. 

In programming education, efforts to support the development of critical thinking have taken a 

variety of forms. Researchers have drawn on educational frameworks to inform instructional 

design, incorporated project-based and experiential learning activities, and emphasized feedback, 

reflection, and evaluation in programming tasks. Students are often placed in roles that require 

them to analyze problem requirements, assess alternative solutions, justify design decisions, and 

revise their work. Together, these approaches reflect sustained interest in fostering critical thinking 

through authentic programming practices. However, research in programming education has 

focused more on developing problem-solving and computational thinking skills. Also, there exists 

an overlap and thus a confounding relationship between computational thinking and critical 

thinking [3]. 

This is further compounded by the fear around GenAI tools that excessive dependence on such 

tools might detrimentally affect students' abilities to think critically and solve problems [4], [5] as 

they become passive recipients of AI-generated content rather than being agents of their own 

learning [6], [7]. Thus, a systematic literature review of critical thinking development and 

assessment in programming contexts is timely and needed. 

Literature Review 

Although prior systematic reviews have examined computational thinking in programming courses 

and critical thinking in higher education more broadly [8], [9], and some have examined the effects 

of Generative Artificial Intelligence (GenAI) on critical thinking skills in higher education [5], 

there has been no focused synthesis of empirical research that specifically addresses the 

development and assessment of critical thinking in programming contexts. This gap is increasingly 

consequential given recent technological shifts, particularly the growing prevalence of GenAI 

tools, that are reshaping how programming tasks are learned, performed, and evaluated. As 

programming practice increasingly emphasizes evaluation, judgment, and decision-making, 

understanding how critical thinking is conceptualized and supported in programming education has 

become both timely and necessary. 

To address this gap, this study presents a systematic literature review of empirical research on 

critical thinking in programming courses within higher education. The review synthesizes how 

critical thinking is defined, the frameworks used to guide its development and assessment, the 

components of critical thinking emphasized, the instruments employed to measure it, and the 

instructional interventions designed to support its development. By integrating these dimensions, 

the study aims to provide a clearer picture of how critical thinking is currently addressed in 

programming education research. Four research questions guide the study: (1) What frameworks 



have been used or proposed for developing and assessing critical thinking in programming 

courses? (2) What components of critical thinking are addressed by these frameworks, and to what 

extent? (3) What instruments have been used to assess critical thinking? (4) What instructional 

interventions have proven effective in supporting the development of critical thinking skills? 

Methods 

This study employed a systematic literature review guided by the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) framework [10]. A structured search string 

was developed to identify empirical studies examining critical thinking in programming contexts 

within higher education: 

“TITLE-ABS-KEY ( ( 'critical thinking' ) AND ( programming OR coding ) AND ( 'higher 

education' OR college OR university OR undergraduate OR postsecondary ) )” 

Searches were conducted in Scopus, ERIC, and the ACM Digital Library, targeting peer-reviewed 

journal articles and conference proceedings. The initial search returned 385 records. After filtering 

for English-language, peer-reviewed publications, 195 records remained. Duplicate removal 

resulted in 188 unique articles, which were screened at the abstract level by two researchers.  

Inclusion criteria (IC) required that studies: 

1. Report empirical research, and 

2. Focus on, or explicitly aim to develop or assess, critical thinking in a programming course 

or programming-related learning environment. 

Exclusion criteria (EC) eliminated studies that: 

1. Were literature reviews or meta-analyses, or 

2. Were not implemented in a higher education context. 

Discrepancies during abstract screening were resolved through discussion between the two 

researchers. Following abstract screening, 25 articles were retained for full-text review. Five of 

these studies were subsequently excluded because their participant populations consisted of 

school-aged learners rather than postsecondary students. One study was not in programming. This 

resulted in a final corpus of 19 articles included in the analysis. 

The complete study selection process is summarized using a PRISMA flow diagram (see Figure 1). 



 

Figure 1 PRISMA flow diagram for systematic literature review 

During full-text review, the authors also back-tracked assessment and instructional instruments 

referenced in the included studies to identify the original critical thinking frameworks or 

instruments from which adapted measures were derived. Furthermore, the researchers used 

inductive coding to perform thematic coding analysis [11] on the interventions on critical thinking 

within the studies to find themes within these interventions. 

Results 

Of the 19 articles reviewed, nine explicitly proposed or cited a definition of critical thinking, while 

10 did not provide a formal definition. Among those without definitions, three framed critical 

thinking as part of higher-order thinking skills (HOTS), and two treated it as a component of 

computational thinking, without further elaboration. 

RQ1: What frameworks have been used or proposed for developing and assessing critical 

thinking in programming courses? 

Twelve of the nineteen articles employed an explicit framework to guide the development or 

assessment of critical thinking (see Table 1). The remaining seven articles did not explicitly adopt 

or propose a framework for developing or assessing critical thinking, despite referencing critical 

thinking in study goals, outcomes, or discussion sections. 



Among the twelve studies that used a framework, several drew models that are not exclusively 

designed for critical thinking but were nevertheless used to support or operationalize critical-

thinking-related constructs. The most frequently used frameworks were revised Bloom’s 

Taxonomy (n = 3) and Pintrich’s Self-Regulated Learning (SRL) model (n = 3). In these studies, 

Bloom’s Taxonomy was used to frame higher-order cognitive processes associated with critical 

thinking, while SRL frameworks were used to structure planning, monitoring, and reflection 

processes linked to critical thinking development in programming contexts. 

Two studies (n = 2) explicitly adopted the Facione Delphi Consensus framework, directly 

targeting critical thinking skills and subskills. Single studies (n = 4) employed the Watson–Glaser 

Critical Thinking Appraisal, the 6Ts model, Chiruguru’s 4Cs of 21st-century skills, and the Paul 

and Elder framework of critical thinking. Overall, the frameworks used varied in their degree of 

alignment with critical thinking, ranging from general cognitive or learning frameworks applied to 

critical thinking outcomes to frameworks explicitly developed for critical thinking assessment. 

Table 1 Summary of the components of critical thinking addressed by the studies by using each 

framework 

Framework Components of Critical Thinking addressed  

Bloom’s Taxonomy [12]   Analysis; Evaluation; Creation 

Pintrich’s Self-regulated Learning [13], 

[14] 

Applying prior knowledge to new situations; 

Analysis; Evaluation 

Watson-Glaser Appraisal [15] Recognition of Assumptions; Evaluation of 

Arguments; and Drawing logical Conclusions 

6Ts model [16] Logical thinking; Systems thinking; Creative 

thinking; Sustainable thinking; Strategic thinking; 

Logical thinking 

Chiruguru’s 4Cs [17] Reasoning; Analysis; Evaluation; Synthesis; 

Interpretation; Problem solving 

Paul & Elder  (PA-GPT) [18] Evaluating other's work; Articulating 

understanding 

Facione Delphi Consensus framework on 

critical thinking skills and subskills [19]  

Interpretation; Analysis; Evaluation; Inference; 

Self-regulation 

RQ2: What components of critical thinking are addressed by these studies, and to what 

extent? 

Across frameworks, analysis and evaluation were the most frequently addressed components of 

critical thinking. Analysis was explicitly referenced in four frameworks (Bloom’s Taxonomy; 

Pintrich’s SRL model; Chiruguru’s 4Cs; and the Facione Delphi Consensus framework), while 

evaluation appeared in six frameworks (Bloom’s Taxonomy; Pintrich’s SRL model; Watson–

Glaser Appraisal; Chiruguru’s 4Cs; Paul & Elder; and the Facione Delphi Consensus framework). 

This recurrence indicates a consistent overlap across frameworks in the emphasis placed on 



analysis and evaluation as central components of critical thinking in computing and programming 

contexts. 

Other critical thinking components, including interpretation, inference, reasoning, problem-

solving, and self-regulation, were addressed less consistently and appeared in fewer frameworks. 

Frameworks such as the Facione Delphi Consensus and Chiruguru’s 4Cs incorporated a broader 

range of components, whereas others focused on more narrowly defined skills or higher-order 

cognitive processes. 

With respect to the extent of articulation, three articles referenced critical thinking as part of 

higher-order thinking skills [20], [21], [22], one as part of problem solving [23], and one as a 

component of computational thinking [24] , without specifying which critical thinking components 

were targeted or how they were enacted. 

RQ3: What instruments have been used to assess critical thinking? 

The most commonly used instrument was the 4C1P Awareness questionnaire [25], followed by the 

Motivated Strategies for Learning Questionnaire (MSLQ) [14] (see Table 2). In many studies, the 

instruments as well as components of critical thinking skills assessed by the instruments were not 

specified. The reviewers backtracked the instruments referred to extract this information. 

Table 2 Study, Critical Thinking Frameworks, CritT Components covered, Instruments, CritT 

Components in Instrument, Instructional Interventions, and CritT Evidence 

Study Framewor

k used 

Components 

of Critical 

thinking 

covered 

Instrument 

used 

Components 

of Critical 

thinking 

covered by 

instrument 

Intervention 

type 

Evidence for CritT 

[26] Watson-

Glaser 

Appraisal 

Inference, 

recognition of 

assumptions, 

deduction, 

interpretation, 

evaluation of 

arguments 

Watson-Glaser 

Appraisal 

Inference; 

recognition of 

assumptions; 

deduction; 

interpretation; 

evaluation of 

arguments 

Type of 

programming 

course (procedure 

vs. object 

oriented) 

No evidence of improved 

critical thinking skills 

between the two groups. 

[22] Bloom's 

taxonomy 

for HOTS 

included 

in GenAI-

Ped 

framewor

k 

Applying; 

Analysis; 

Evaluation 

Custom 

Critical 

Thinking 

Rubric 

Error 

Identification

, Debugging 

Strategies, 

Optimizing 

Code, 

Evaluating 

Solutions, 

Use of 

Logical 

GenAI 

integration into 

the course 

activities using a 

Self-regulated 

learning model 

[27] 

Gains in critical 

thinking components, 

particularly 

“Conditional 

Thinking,” which rose 

from 1.680 to 2.120, and 

“Use of Logical 

Constructs” rising from 

1.560 to 1.920 



Constructs, 

Conditional 

Thinking 

[16] 6Ts model Logical 

thinking, 

systems 

thinking, 

creative 

thinking, 

sustainable 

thinking, 

strategic 

thinking, 

logical 

thinking. 

Self-reflection 

questionnaire 

Logical 

thinking, 

systems 

thinking, 

creative 

thinking, 

sustainable 

thinking, 

strategic 

thinking, 

logical 

thinking. 

Developing 

materials for the 

course centered 

around the 6Ts 

model. Including, 

experiential 

learning, self-

reflection, and 

peer learning. 

No evidence of Critical 

Thinking improvement, 

yet there was evidence of 

a stronger understanding 

of the 6Ts (from −1 to 0 

and 0 to 1). The only 

exception was systems 

thinking where 5 out of 8 

transitions from 1 to 0. 

[28] Facione 

Delphi 

Consensus 

framewor

k on 

critical 

thinking 

skills and 

subskills 

Interpretation

; Analysis; 

Evaluation; 

Inference; 

Self-regulation 

Custom 

survey based 

on Critical 

thinking skills 

but focusing 

more on 

critical 

thinking 

practices 

Gathering & 

Examining; 

Information 

for 

Significance; 

Analyzing 

Information; 

Evaluating 

Information; 

Justification 

& Rationale; 

Reflecting; 

Self-direction 

Using different 

GenAI tools as 

pair 

programmers 

and peer 

reviewers. 

A self-reported critical 

thinking questionnaire 

had average positive 

changes between the 

pre and post report. 

[29] Facione 

Delphi 

Consensus 

framework 

on critical 

thinking 

skills and 

subskills 

Interpretation; 

Analysis; 

Evaluation; 

Inference; Self-

regulation 

Custom survey 

based on 

Critical 

thinking skills 

but focusing 

more on 

critical 

thinking 

practices 

 

Gathering & 

Examining; 

Information 

for 

Significance; 

Analyzing 

Information; 

Evaluating 

Information; 

Justification 

& Rationale; 

Reflecting; 

Self-direction 

Use of different 

GenAI tools as a 

pair programmer 

and peer reviewer 

Learner opinions and 

practices changed after 

engaging with the 

Generative AI lab 

assessment but were not 

significant. 

[23] Not 

specified 

Not specified, 

but exploring 

problem 

solving 

strategies said 

to enhance 

critical thinking 

problem-

solving ability 

and critical 

thinking 

tendency 

Questionnaire 

developed by 

Lai and Hwang 

[30] 

Not specified. The study 

compared a GPT-

supported 

intervention 

(GPT-CMDP) 

with a 

conventional 

approach (C-

CMDP). The 

GPT-CMDP 

intervention 

guided students 

through six steps, 

including 

Statistically significant 

differences for critical 

thinking awareness and 

problem-solving skills 

between GPT-CMDP 

(M=4.28, SD=0.59) and 

C-CMDP groups 

(M=3.95, SD=0.63). 



structured 

content, micro-

level syntax 

breakdown, 

interactive 

exploration with 

ChatGPT, 

immediate 

feedback, 

reflection, and 

self-paced 

learning. This 

design aimed to 

scaffold learning 

while promoting 

active 

engagement and 

metacognitive 

practice. 

[21] Revised 

Bloom’s 

taxonomy 

for HOTS 

Higher order 

nature of 

CritT 

addressed, 

"HOT is 

essential for 

learners to 

make 

connections 

between 

concepts, solve 

complex 

problems, and  

apply 

knowledge in 

unfamiliar 

contexts " 

4C1P 

Awareness 

questionnaire 

(4C1PA) [25] 

Not specified. Feedback 

mechanisms in 

VR learning 

environment 

Critical thinking 

findings not reported 

separately but as part 

of HOTS. Pre and post 

tests revealed 

significant 

improvement in ability 

to think critically.  

[18] 

PA-GPT 

adheres to 

Paul and 

Elder 

framewor

k 

Evaluating 

other's work; 

Articulating 

understanding 

4C1P 

Awareness 

questionnaire 

(4C1PA) [25] 

Not specified. GenAI tool as a 

peer reviewer 

and engaging 

with student 

questions 

Significant differences 

between experimental 

and control group in 

critical thinking (F = 

37.00, p < 0.001). 

[31] 

HOTS, 

Revised 

Bloom’s 

taxonomy. 

Analysis; 

Evaluation 

Chinese 

translation of 

a HOTS 

questionnaire 

(4C1P 

Awareness 

questionnaire 

(4C1PA) [25]) 

Not specified. Computational 

Thinking-based 

diagnostic 

reflective report 

system 

After controlling for 

pre-test scores, 

significant differences 

were found between the 

experimental and 

control groups in 

critical thinking (F = 

15.54, p < 0.001) 

[20] 

Revised 

Bloom’s 

Taxonomy 
Analysis; 

Evaluation 

4C1P 

Awareness 

Not specified. Two-stage 

feedback 

processes 

incorporating 

There were significant 

differences between the 

groups in critical 



questionnaire 

(4C1PA) [25] 

student 

reflection and 

revision 

thinking (t = 5.45, p < 

0.001) 

[32] 

Pintrich’s 

SRL 

model  
Applying 

prior 

knowledge to 

new 

situations; 

Analysis; 

Evaluation 

Motivated 

Strategies for 

Learning 

Questionnaire 

(MSLQ) [14] 

Applying 

prior 

knowledge to 

new 

situations, 

analysis and 

evaluation. 

Exposition to 

DSLab Tool, 

which was a tool 

designed by the 

authors to teach 

distributed 

systems. 

60% of students applied 

prior knowledge to new 

situations. 64% of 

students were able to 

analyze and evaluate 

information in a 

thoughtful manner. 

[33] 

Pintrich’s 

SRL 

model 
Not specified 

in paper but 

from the 

model: 

Applying 

prior 

knowledge to 

new situations, 

analyzing and 

evaluating 

information 

thoughtfully 

Motivated 

Strategies for 

Learning 

Questionnaire 

(MSLQ) [14] 

Applying 

prior 

knowledge to 

new 

situations, 

analyzing 

and 

evaluating 

information 

thoughtfully 

Control group: 

traditional 

classroom 

tutoring review 

activities, 

experimental 

group: 

personalized 

intervention 

review activities. 

Experimental group has 

significantly higher 

abilities [ANCOVA 

critical thinking (F = 

11.93,p < .05)]. 

(ANOVA) showed 

activity × critical 

thinking (F = 9.53, p 

= .000) 

[24] 

 

Not 

specified 

but 

Critical 

thinking 

considered 

a 

componen

t of 

Computati

onal 

thinking 

Not specified. Pre and post 

questionnaires 

of 

computational 

thinking, 

semi-

structured 

interview 

Not specified. The 

Experimental 

Group (EG) was 

exposed to 

Progressive 

flowcharts based 

on interpolation, 

extrapolation, 

and 

reinterpretation 

model.  

Pre-test had no 

significant differences 

between groups, EG 

obtained significantly 

higher scores than CG 

in Critical thinking EG 

(M=4.06, SD = 0.54), 

CG (M = 3.58, SD = 

0.53) 

[34] 

Not 

specified   Not specified. Industry 

experts 

assessed 

CritT. 

Instrument 

not specified  

Identify 

functional 

and non-

functional 

requirements

. Analyze the 

given 

problem; 

Evaluate 

options, 

considering 

data and 

pros/cons; 

Address 

industry-

related 

complex 

issues; 

Propose 

innovative 

The intervention 

was composed of 

three stages. 

Stage 1 

(Bridging the 

gap); Stage 2 

(Experiential 

Learning); Stage 

3 (Industry 

collaboration). 

Enhancement in all 

components of 

(Industry related) 

critical thinking skills. 



solutions to 

current 

issues 

[17] 

Chiruguru

's 4Cs Not specified Observation 

report, self 

and peer 

assessment 

Not specified Digital Making 

Activities 

Critical thinking mean 

difference increased by 

11 points between 

assessments                                                          

According to 

observation report: 

"participants were able 

to solve problems and 

think critically" 

[35] 

Not 

specified. Analysis; 

Evaluation 

Critical 

thinking 

questionnaire 

(Assessing 

multidimensio

nal students’ 

perceptions of 

twenty-first-

century 

learning 

practices) [36] 

Analysis; 

Reasoning; 

Evaluation 

Type of learning 

approach, 

Conventional 

Scrum Project 

(C-SP) for 

control and Peer 

Assessment 

Scrum Project 

(PA-SP) for 

experimental 

Critical thinking  scores 

were higher n PA-SP 

group. Significant 

difference between the 

two groups on the post-

questionnaire scores (F 

= 15.90, p < 0.001).  

 

[37] 

Not 

specified Not specified. Anonymous 

survey 

Not specified Case study on 

pill-sized capsule 

robot formulated 

as a course 

module 

Critical thinking (average 

3.46). However, there 

were no pre-post or 

control groups. 

[38] 

Not 

specified. 

 

Not specified. 

 

Survey used to 

measure 

critical 

thinking skills. 

 

Not specified. 

Students were 

exposed to a 

visual 

programming  

Tool GameSalad 

for Digital Media 

Course 

Not mentioned. 

[39] 

CritT as a 

strategy of 

SRL. 

Not 

clearly 

specified 

but 

possibly 

Pintrich’s 

SRL 

model 

Not specified. Eye tracking 

movements 

measured: 

Total fixation 

count (TFC), 

Total Fixation 

Duration 

(TFD); 

Scanpath 

analysis. 

Not specified Eye-tracking 

and 

retrospective 

think-aloud data 

for program 

comprehension. 

Statistically significant 

differences between LG 

and HG for critical 

thinking strategy CT2 

for Program Code 1 (U 

= 240.000, |Z| = 3.714, p 

< 0.001) and for 

Program Code 2 critical 

thinking strategies CT1 

to CT3 (U = 225.000–

946.000, |Z| = 2.702–

6.590, p < 0.01) 

RQ4: What instructional interventions have proven effective in supporting the development 

of critical thinking skills? 



To address Research Question 4, we examined the extent to which the reviewed instructional 

interventions demonstrated measurable effects on students’ critical thinking or related 

subcomponents. Of the 19 studies included in the review, 13 reported positive effects on critical 

thinking skills or specific dimensions such as analysis, evaluation, or inference, while one 

additional study identified improvements in critical thinking awareness rather than skill 

development; the remaining five studies reported no significant effects on critical thinking or 

critical awareness (see Table 2). The following themes were identified. 

Technology-Supported Interventions 

Eight of the thirteen studies reporting positive effects incorporated technology-enhanced learning 

environments, including GenAI tools [18], [22], [23], VR environments [20], and custom-built 

instructional systems [10], [26]. GenAI was used most effectively when positioned as a peer 

reviewer, pair programmer, or reflective scaffold, rather than a content generator [17], [28], [29] . 

Reflection and Feedback Cycles 

Eleven interventions incorporated structured reflection or enhanced feedback mechanisms, 

including self-reflection questionnaires [16], two-stage feedback with revision[20], GenAI-

mediated reflection [21], [29], and diagnostic reflective reporting systems [31]. These studies 

consistently showed gains in critical thinking or its subcomponents, suggesting that opportunities 

to reflect, revise, and justify reasoning are central mechanisms. 

Self-Regulated Learning and Metacognitive Scaffolding 

Interventions grounded in SRL frameworks showed strong evidence of effectiveness. Studies using 

Pintrich’s SRL model [32], [33], and GPT-supported metacognitive designs [23] reported 

statistically significant improvements in critical thinking awareness, analysis, and evaluation. The 

GPT-CMDP intervention [23] demonstrated significant gains over a conventional approach by 

combining structured content, micro-steps, immediate feedback, reflection, and self-paced 

learning. 

Human and Social Enhancement 

A smaller subset of interventions emphasized human-centered enhancements, such as industry 

collaboration, peer review, and expert feedback [18], [34], [35]. These approaches supported 

deeper evaluative and justificatory thinking, particularly complex, ill-structured problems. 

Innovative Learning Activities 

Two studies demonstrated gains by restructuring course activities themselves, including 

progressive flowcharts [24] and digital making activities [17]. These approaches emphasized 

problem interpretation, solution evaluation, and iterative refinement. 



Discussion 

This review examined how critical thinking is conceptualized, operationalized, assessed, and 

supported in programming education research. Across the four research questions, the findings 

point to both convergence around certain practices and fragmentation in construct definition and 

measurement, particularly with respect to how critical thinking is distinguished from adjacent 

constructs. 

RQ1: What frameworks have been used or proposed for developing and assessing critical 

thinking in programming courses? 

Only a small subset of the frameworks used in the reviewed studies were originally developed as 

critical thinking–specific frameworks. Rather than proposing or using frameworks specific to 

critical thinking, most studies instead adopted broader educational or cognitive frameworks such as 

revised Bloom’s Taxonomy, Pintrich’s Self-Regulated Learning model, or Chiruguru’s 4Cs of 

21st-century skills; and positioned critical thinking as a subcomponent of higher-order thinking, 

self-regulation, or broader computational thinking skills. This pattern suggests that, in 

programming education research, critical thinking is often treated as an embedded or secondary 

construct rather than as a primary object of instructional design or assessment. While these 

frameworks offer useful lenses, their adoption may also contribute to conceptual ambiguity when 

critical thinking is not explicitly delineated from related constructs. 

With adjacent frameworks being used more rather than critical thinking frameworks, this could be 

due to lack of clarity among instructors and researchers as to what critical thinking constitutes in 

programming contexts. Thus, it becomes important to study whether new critical thinking 

frameworks specifically for programming education should be developed. 

RQ2: What components of critical thinking are addressed by these studies, and to what extent?  

It is also evidenced from Table 2 that evaluation and analysis were the most commonly appearing 

components of critical thinking within the frameworks used. This indicates that these components 

could be fundamental in a critical thinking framework developed specifically for programming 

education. 

Across the studies and frameworks examined, there was substantial convergence around cognitive 

components such as analysis, evaluation, reasoning, and the application of prior knowledge. 

However, the extent to which these components were systematically addressed or operationalized 

within individual studies was often unclear. Many articles referenced a framework at a high level 

without detailing how specific critical thinking components were enacted in instructional activities 

or measured in student work. As a result, it is difficult to determine whether observed gains reflect 

comprehensive development of critical thinking or improvement in a narrower subset of skills. 



This finding points to a need for more explicit alignment between frameworks, instructional 

design, and targeted critical thinking components in future research. 

RQ3: What instruments have been used to assess critical thinking?  

The assessment of critical thinking relied primarily on previously developed and validated 

instruments, including the 4C1P Awareness questionnaire, the Motivated Strategies for Learning 

Questionnaire, and critical thinking or problem-solving questionnaires adapted from prior work 

[30], [36]. While the use of established instruments supports reliability and comparability, many of 

these tools assess constructs that overlap with critical thinking, such as self-regulation, higher-

order thinking, or problem solving, rather than critical thinking in isolation. Although some studies 

developed custom instruments or rubrics tailored to programming contexts, these were less 

common. Taken together, these findings highlight ongoing challenges related to construct validity 

and raise questions about how well commonly used instruments capture the multidimensional 

nature of critical thinking in programming tasks. These patterns suggest a need for assessment 

approaches that more directly and transparently align with explicitly defined critical thinking 

constructs in programming contexts. 

RQ4: What instructional interventions have proven effective in supporting the development of 

critical thinking skills? 

The instructional interventions associated with improvements in critical thinking consistently 

emphasized active engagement in authentic or quasi-authentic tasks, coupled with timely feedback. 

Effective interventions often placed students in roles analogous to workplace contexts such as peer 

reviewers, pair programmers, or evaluators of AI-generated code; thus, requiring them to analyze 

solutions, justify decisions, and revise their work. These approaches align closely with core critical 

thinking processes while also intersecting with self-regulation, computational thinking, and 

problem-solving skills. 

A recent national report suggests that 90% of faculty in the United States believe that generative 

AI will diminish students’ critical thinking skills [5]. This concern is understandable, particularly 

in programming contexts where automation can easily replace effortful reasoning. However, our 

review tells a more nuanced story. We identified four interventions in programming education in 

which generative AI tools, when intentionally paired with reflection and feedback grounded in 

educational theory, were associated with positive impacts on students’ critical thinking skills. 

These findings suggest that the risks often attributed to generative AI are not inherent to the tools 

themselves but are strongly shaped by how they are designed and used in instructional settings. 

More broadly, despite ongoing concerns about the negative effects of generative AI on students’ 

thinking, this review shows that many researchers are actively experimenting with ways to 

integrate these tools to support, rather than undermine, critical thinking. This pattern highlights a 

sense of resilience within the programming education community and a willingness to engage with 



emerging technologies, even those widely viewed as problematic. Instead of rejecting generative 

AI outright, educators are exploring how it can become a productive part of the learning process. 

These efforts frame generative AI as an opportunity that can either hinder or enhance critical 

thinking, depending on the presence of scaffolding, reflection, and feedback. For the broader 

computing education community, these findings point to the importance of moving beyond simple 

narratives of harm and toward theory-informed approaches that intentionally use generative AI to 

support the development of critical thinking skills. 

Conclusion and Future Directions 

As programming education continues to evolve in response to automation and generative AI, 

critical thinking is becoming increasingly central to what students must learn beyond syntax and 

tools. This review examined how critical thinking is conceptualized, assessed, and supported in 

programming education research and found both convergence and fragmentation. While many 

studies drew on broad educational frameworks rather than critical thinking–specific models, there 

was clear agreement around core components such as analysis and evaluation. At the same time, 

critical thinking was often treated as an embedded or secondary construct, with limited clarity in 

how it was operationalized or distinguished from related constructs such as problem solving or 

self-regulation. Assessment practices reflected similar challenges, relying largely on instruments 

that capture overlapping constructs rather than critical thinking in programming tasks directly. 

Together, these findings point to a need for greater conceptual precision and alignment among 

frameworks, instructional design, and assessment. 

Importantly, instructional interventions associated with positive outcomes consistently emphasized 

active engagement in authentic tasks and timely feedback. Despite widespread concerns that 

generative AI may erode students’ critical thinking, this review identified multiple studies in which 

AI tools, when intentionally coupled with reflection and feedback grounded in educational theory, 

supported critical thinking development. These findings suggest that in computing education the 

impact of generative AI on critical thinking is not inherent to the technology but depends on how it 

is pedagogically framed. Future work should prioritize the development of programming-specific 

critical thinking frameworks and assessments, as well as theory-informed designs that leverage 

generative AI as a tool for thinking rather than a substitute for it. 
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