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Educational Robotics, Problem-Solving and Computational Thinking in Elementary-Aged Autistic Learners: A Critical Narrative Review
Abstract
Educational robotics is increasingly used to teach programming and problem-solving in primary education, yet evidence concerning elementary-aged autistic learners is fragmented across special education, computer science education and socially assistive robotics. This critical narrative review evaluates what existing research can establish about robotics-related computational thinking, task-specific problem-solving and the transfer of these capabilities beyond trained activities. Literature published from 2006 to 23 August 2026 was considered, supplemented by earlier methodological work where relevant. Research was examined through an evidence hierarchy distinguishing direct studies of autistic primary-aged learners from studies involving older autistic learners, general-population primary pupils and social-robot interventions targeting non-academic outcomes. The strongest direct evidence demonstrates that some autistic pupils can acquire explicitly taught robot-programming sequences under structured instruction; it does not establish equivalent gains in independently assessed computational thinking or general problem-solving. Elementary after-school programmes support feasibility and engagement, but perceived improvement and participation are not interchangeable with cognitive learning effects. Research involving non-autistic primary pupils provides a more substantial, although heterogeneous, basis for expecting benefits in particular programming concepts. Its findings include positive controlled effects, null results and evidence that adding a physical robot can increase extraneous cognitive load relative to screen-only programming. Socially assistive robot studies contribute insight into interaction and accessibility, but their social outcomes cannot be pooled with coding or reasoning outcomes. Important methodological limitations include small and selected samples, bundled interventions, variable baseline ability, inconsistently defined constructs, narrow assessment tasks and rare testing of maintenance or cross-context transfer. An integrated framework is advanced in which robotics can create opportunities for accessible feedback, guided debugging and collaborative reasoning, provided instruction, environmental conditions and assessment are individually adapted. Priority is given to adequately powered, ethically inclusive comparative studies with accessible independent measures, documented implementation fidelity and meaningful longitudinal follow-up. Educational robotics is a plausible, adaptable pathway to computational participation, not an independently established method for improving general problem-solving among autistic elementary pupils.
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1. Introduction
Educational robotics occupies an unusual position in primary education. A small programmable object can make an abstract sequence visible: a command moves a wheel, a loop repeats a journey and a misplaced instruction causes an observable error. Such experiences appear well suited to introductory computer science, where children must coordinate symbols, rules and consequences. Robotics can also permit pupils to rehearse a task physically, communicate with peers around a shared artefact and make choices about how a challenge will be solved. These possibilities have motivated interventions extending from preschool classrooms to after-school coding clubs. Yet the pedagogical value of a robot must be established against the learning objective and against alternative instruction, not inferred from the attractiveness or novelty of the device (Belpaeme et al., 2018; Ching & Hsu, 2024; Zhang et al., 2021).
For autistic learners, the need for conceptual precision is particularly acute. Autism encompasses considerable differences in communication, attention, sensory experience, motor planning, language, co-occurring intellectual disability, learning history and personal preferences. A child may be highly competent at anticipating mechanical sequences while finding group turn-taking tiring; another may enjoy tactile manipulation but require alternative representations of code. Treating autistic pupils as a homogeneous category obscures both strengths and support needs. Neither perceived visual learning preferences nor putative special technological affinities justify assuming that robotics is intrinsically effective or universally accessible. Education should be evaluated in relation to opportunities, barriers and demonstrated learning, rather than an intervention's resemblance to a presumed autistic profile (Huijnen et al., 2017, 2019; McGregor et al., 2025).
Computational thinking (CT) is often presented as a form of problem-solving, but the two terms are neither synonymous nor interchangeable measurement labels. CT concerns formulation of problems and executable or systematically describable solutions, including sequencing, algorithm design, decomposition, debugging and, where appropriate, abstraction and generalisation. Wider problem-solving may include deciding which information matters in a novel everyday situation, switching strategy when circumstances change or transferring an approach to a different curriculum subject. A child who can reproduce a demonstrated robot route has acquired a meaningful skill, yet that performance alone does not demonstrate the ability to solve a new untrained problem. Separating trained task success, independent CT and broader problem-solving is therefore the central conceptual requirement of this review (Grover & Pea, 2013; Shute et al., 2017; Weintrop et al., 2016; Wing, 2006). Findings from a small multiple-probe study indicate that autistic children can learn explicitly taught unplugged coding skills through video self-modelling, with some evidence of generalisation to a different setting and skill maintenance (Kurnaz, 2025). Because this intervention did not use a physical robot, it offers relevant adjacent instructional evidence rather than proof of a robot-specific effect.
General-population studies establish reasons for measured optimism and caution. A review of 22 studies involving young learners documented substantial diversity in robotic platforms, interventions and CT components assessed (Ching & Hsu, 2024). A separate systematic synthesis reported favourable average effects for CT but much smaller average effects for attitudes, while a multilevel science, technology, engineering and mathematics (STEM) meta-analysis identified positive overall learning effects without a statistically convincing aggregate improvement specifically in CT (Ouyang & Xu, 2024; Zhang et al., 2021). These findings are not inherently inconsistent: the studies pool different ages, comparisons, curricula, measures and effect definitions. They do show that robots do not produce a uniform cognitive benefit across educational circumstances. More tellingly, direct comparisons with screen-only programming have sometimes favoured software without a robot, despite higher motivation in the robotic condition (Sigayret et al., 2025). A later meta-analysis spanning multiple educational levels and learning outcomes found that the relative advantage of educational robotics depended on the comparison condition, with larger effects against traditional instruction than against other educational technologies (Lu & Geng, 2026). This reinforces the importance of active comparisons when evaluating a robot’s additional contribution to learning.
The autism-focused literature presents a different evidentiary problem. Robotics is frequently examined as a social or therapeutic mediator rather than as a means of teaching algorithms. Reviews of socially assistive robots discuss joint attention, interaction, communication or emotional outcomes; such findings do not answer whether a child can generate, debug or transfer a computational solution (Kouroupa et al., 2022; Pennisi et al., 2016; Ramnauth et al., 2026). In contrast, the small educational-robotics literature includes demonstrations of taught coding behaviours and descriptions of participation in inclusive STEM activities, but assessments, ages and interventions differ widely (Gkiolnta et al., 2023; Hutchison & Barnard-Brak, 2025; Knight, Wright, & DeFreese, 2019). The resulting evidence is richer than an assumption that research is absent, but thinner than claims that robotics has been shown to improve general reasoning in autistic primary pupils. A recent focused review of computational thinking among young learners with disabilities identified substantial variation in theoretical frameworks, pedagogical approaches and educational materials (Cecchetti & Granone, 2026). Because the review covered several disability groups and instructional modalities, its findings highlight conceptual and implementation challenges rather than establishing robot-specific effectiveness for autistic primary pupils.
A further complication arises from the boundary between education and therapy. An anthropomorphic robot that invites imitation of facial expressions or supports joint attention is not functionally equivalent to a wheeled device that a pupil must program to navigate obstacles. Both are robots, but their mechanisms and outcome measures differ. Learning to operate a robot is also distinct from learning through a robot, and accomplishing a science task with a robot is different again from acquiring transferable programming concepts. If these activities are grouped together, positive social engagement can be misread as evidence of CT improvement and a feasibility finding can become an unwarranted claim of cognitive efficacy (Diehl et al., 2012; Huijnen et al., 2016; Kotsari et al., 2026).
The emerging research also raises questions about who determines a successful intervention. Academic investigators may emphasise code accuracy and task completion; teachers may value sustained participation; families may prioritise comfort, confidence and opportunity; children may prefer either physically embodied materials or predictable screen-based challenges. These outcomes can coexist but must be reported separately. A child can become more willing to join a club without improving a CT test, or learn sequencing while finding the robot noisy and unpleasant. Such differences do not invalidate the programme, but they change its interpretation and the conditions under which it might responsibly be offered (Barnard-Brak et al., 2025; Hutchison & Barnard-Brak, 2025; Sigayret et al., 2025). A systematic review of robotics in after-school and other extended-education settings for primary-aged children found mainly favourable directions of reported outcomes, but identified uncontrolled comparisons and researcher-developed measures as important limits on causal interpretation (Xiang et al., 2026). These findings further support distinguishing programme participation and perceptions from independently demonstrated computational learning.
1.1 Scope, Research Gap and Objectives
This review concentrates on elementary- or primary-school-aged autistic learners, broadly corresponding to the first years of compulsory schooling, and on programmable physical educational robots used for coding, reasoning or curriculum-linked problem-solving. Closely related studies of older autistic pupils, studies of primary pupils without identified autism and research on socially assistive robots are considered only to test plausible mechanisms, methodological implications and limits of transfer across populations or outcomes. The central gap is not merely the small volume of direct research; it is the absence of consistent, independently assessed links between robotic task acquisition, computational thinking and generalised problem-solving within this target population. Accordingly, the review distinguishes intervention types and levels of evidence, critically compares learning mechanisms and conflicting findings, examines measurement and inclusion, and specifies a proportionate research agenda. It does not treat therapeutic social skills as a substitute for academic outcomes or presume that evidence from other disability groups or school stages directly generalises to autistic children.
2. Methods for Literature Selection
2.1 Review Design and Rationale
A critical narrative design was adopted because the literature combines experimental education studies, multiple-probe single-case research, qualitative and feasibility programmes, mixed-disability coding interventions, methodological analyses and social-robot trials with fundamentally different target outcomes. A numerical meta-analysis across these designs would risk treating acquisition of a taught robot movement, a parent-rated engagement change and a validated CT score as commensurable effects. Nor would a simple mapping exercise resolve whether the studies support the specific inference that robotics improves independent reasoning. Narrative synthesis permits an explicit examination of construct equivalence, intervention attribution and the conditions under which evidence may be cautiously transferred across contexts. The review follows the emphasis on importance, transparent searching, appropriate referencing and balanced reasoning articulated in the Scale for the Assessment of Narrative Review Articles (Baethge et al., 2019). It is not represented as an exhaustive systematic review.
2.2 Information Sources
Searches used accessible records in ERIC, PubMed, PubMed Central, the Directory of Open Access Journals, OpenAlex, Google Scholar and Semantic Scholar. Citation trails in relevant reviews, original articles and open institutional repositories were examined for additional empirical and methodological works. Bibliographic and DOI identity was checked against available journal records, author publications and authoritative scholarly records. Individual publisher articles served as verification sources rather than being described as bibliographic databases. The range of accessible literature was wider than a single discipline but did not constitute a verified search of every subscription-only indexing service.
2.3 Search Strategy and Search Period
The core search horizon was 2006 to 23 August 2026, with earlier sources admitted only when needed to understand established research design or conceptual foundations. The starting point aligns with the influential modern articulation of computational thinking in school-oriented literature; the later period captures both educational-robotics research and recent autism-specific work. Searches combined population expressions such as ‘autism’, ‘autistic’, ‘autism spectrum disorder’ and ‘neurodivergent’ with intervention terms including ‘educational robotics’, ‘robot programming’, ‘coding robot’, ‘robotic coding’ and ‘LEGO robotics’. Outcome combinations included ‘computational thinking’, ‘algorithmic thinking’, ‘sequencing’, ‘debugging’, ‘problem solving’, ‘transfer’ and ‘generalisation’; setting terms included ‘primary’, ‘elementary’, ‘child’, ‘inclusive classroom’ and ‘special education’. A representative Boolean expression was (‘autism’ OR ‘autistic’ OR ‘autism spectrum disorder’) AND (‘educational robot*’ OR ‘robot programming’ OR ‘robotic coding’) AND (‘computational thinking’ OR ‘problem solv*’ OR ‘programming’ OR ‘debugging’) AND (‘primary’ OR ‘elementary’ OR ‘child*’). Parallel searches omitted the autism restriction when locating comparative general-population evidence and used ‘social robot’ or ‘robot-assisted intervention’ when appraising the risk of cross-domain inference. Publication eligibility followed the stated closing date rather than later indexing dates.
2.4 Eligibility Criteria
Eligible central evidence consisted of peer-reviewed studies investigating programmable robots used for educational activities among autistic primary-aged children, including well-described single-case and feasibility research where limited sample size itself was critically examined. Studies of older autistic pupils or mixed autism–intellectual-disability samples were not recategorised as direct elementary evidence. General primary robotics studies entered as contextual comparators, whereas socially assistive robotics research was included only for its methodological, inclusion-related or mechanistic relevance. Reviews and measurement papers were retained when they materially assisted interpretation. Sources were excluded from claims of instructional effectiveness when only a prototype, unreviewed description, promotional account, patent, inaccessible bibliographic record or non-verified study title was available. Conference proceedings were not relied on to establish intervention effectiveness when more verifiable journal evidence could be used. English-language sources formed the working corpus; this constraint is considered in the limitations.
2.5 Screening, Duplicate Handling and Study Selection
Titles and abstracts were examined for population, intervention and outcome fit, followed where accessible by fuller scrutiny of descriptions of instructional procedures, sample characteristics, analytic approach and outcome measures. Studies located through overlapping search routes were reconciled by title, authors and DOI rather than counted as independent evidence. Online-first and later issue publication records were treated as one work. For studies reporting several related outcomes or arising from linked programmes, the unit of interpretation remained the underlying programme, avoiding the appearance of independent replication. No formal record-by-record screening register or exhaustive flow count was generated, so no numerical search or exclusion totals are offered. Records with incomplete or contradictory core bibliographic information were not used as anchors for substantive claims.
2.6 Critical Appraisal and Evidence Synthesis
Appraisal focused on whether the children and intervention matched the review question; whether a baseline and credible comparison were present; whether participant sampling, treatment and fidelity were transparent; whether tasks were independently administered; and whether maintenance, transfer, adverse experiences or implementation demands were measured. Single-case designs were considered informative for demonstrating functional relations between a defined teaching procedure and acquired performance, but not equivalent to a group-level estimate for CT improvement. Non-randomised group findings were judged against plausible differences in teacher support, learning time and prior exposure. Quantitative syntheses were read at the level of the outcomes actually pooled and their study populations, rather than treated as directly estimating the effect in autistic elementary pupils. Four interpretive categories structure the synthesis: direct elementary evidence, developmental or diagnostic adjacent evidence, general-population primary evidence and non-coding social-robot evidence. A conceptual argument is presented only where these categories provide a legitimate bridge; otherwise uncertainty remains explicit.
3. Conceptual and Theoretical Foundations
3.1 Defining Computational Thinking Without Reducing It to Coding
Computational thinking describes a family of practices through which problems are represented, decomposed and translated into orderly, testable processes. Wing (2006) established a broad intellectual rationale, while later educational analyses clarified that definitions vary across disciplinary and assessment settings (Grover & Pea, 2013; Shute et al., 2017). For primary classrooms, the difference between knowledge of a programming concept and its deployment as a reasoning tool matters. A learner might identify a loop in a menu without being able to decide when repetition is useful. Conversely, a child may arrange physical direction cards to solve a route without verbally naming ‘algorithm’. Both are legitimate evidence of partial learning; neither alone exhausts the construct.
Weintrop et al. (2016) developed a taxonomy addressing computational practices within mathematics and science, including data, modelling and systems thinking. That breadth is valuable when deciding whether robotics can support a curriculum problem rather than a single programming challenge. Yet breadth also creates a measurement hazard: if CT is expanded to include all planning, collaboration and persistence, nearly any engaged classroom activity can be labelled a CT success. Review-level conclusions require reporting which dimension was taught and which was measured. Sequencing and debugging are more directly observable in simple robots than data practices or abstract algorithm evaluation; a favourable score on the former must not be presented as evidence for the entire spectrum (Ching & Hsu, 2024; Ocampo et al., 2024).
A further distinction separates a computationally structured problem from broad everyday problem-solving. In a robot maze, success may require selecting direction commands and checking an ordered route. A novel everyday problem might require interpreting a socially ambiguous instruction, negotiating a change of plan or identifying a relevant rule without explicit feedback. Such tasks share possible cognitive demands but differ in language, social context, reward contingencies and prior familiarity. Transfer is a proposition requiring testing, not a property bestowed by the word ‘problem-solving’. The legitimate claim from a programming intervention is often that a child improved at solving particular structured computational problems. More general propositions must await evidence on separate tasks or settings (Román-González et al., 2017; Shute et al., 2017).
3.2 The Robot as a Learning Material, Mediator or Object of Assessment
A programmable physical robot can occupy three roles. First, it is a learning material through which code produces action. Second, it can mediate communication, prompting and joint attention when teacher and pupils refer to a shared device. Third, it becomes an assessment object whose route completion, code accuracy or assembly success forms the outcome. These roles are sometimes blended in practice but should be distinguished analytically. Completing a constructed route measures partly the child's ability to operate that specific platform; successful interaction may reveal engagement; an independently scored off-device logic challenge may provide different evidence about a transferable CT practice (Belpaeme et al., 2018; Bers et al., 2014; Huijnen et al., 2016).
This classification also prevents conflation with socially assistive robotics. In social interventions, a robot may model gestures, solicit reciprocal behaviour or provide a predictable interaction partner. The goal is not necessarily to teach the child to control the robot by developing a programme. Such work can inform presentation, safety, acceptability and participatory design, but an effect on joint attention should not be counted as a CT effect. Nor should a coding programme that requires peer collaboration automatically be evaluated only on social responses, because an academically competent pupil may prefer a solitary working arrangement (Diehl et al., 2012; Kouroupa et al., 2022; Pennisi et al., 2016).
3.3 Embodied Feedback, Constructionist Activity and Instructional Scaffolding
The appeal of robotics rests partly on a plausible learning sequence: a goal is specified, code is represented, the robot acts, the mismatch between intended and observed movement is identified and the code is revised. Tangible feedback can externalise steps that might otherwise have to be mentally simulated. Early-childhood investigations show that robotics can create occasions for programming, experimentation and reflection, with development influenced by curriculum design and available scaffolds (Angeli & Valanides, 2020; Bers et al., 2014; Sullivan & Bers, 2016). The strength of this argument is explanatory rather than deterministic. A robot can show that a route failed without teaching the learner why, and repeated trial-and-error can occur without increasingly sophisticated hypothesis testing.
For autistic pupils, explicit models, predictable prompts, alternative visual or tactile representations and graduated independence may make an activity accessible. Yet these same supports can obscure whether the subsequent performance is independent. If a teacher points to the next command, physically orients the device, narrows the options and reinforces a correct response, success may be attributable to a carefully specified instructional package. That is a valuable instructional finding but not evidence that the material alone produced new reasoning. Single-case research in autism coding illustrates the importance of separating the programmed tasks, the prompt sequence, response criteria and independent maintenance or generalisation probes (Knight, Wright, & DeFreese, 2019; Wright et al., 2021).
3.4 A Transfer Ladder for Interpreting Outcomes
The most defensible interpretation is to arrange proposed learning outcomes by increasing inferential distance. Initial participation means the child approaches, attends to or voluntarily engages with the materials. Task acquisition means the child can execute a trained action or sequence with specified levels of support. Near transfer means the child can complete a new route, recombine known instructions or debug an unfamiliar but structurally similar task without the original prompts. Independent CT is indicated more persuasively by untrained measures of algorithmic reasoning or error correction using different representations. Far transfer to broad problem-solving requires evidence beyond the programming domain. Social interaction, motivation and science knowledge are potentially valuable parallel outcomes, not automatic stages on this ladder (Gkiolnta et al., 2023; Knight, Wright, & DeFreese, 2019; Ocampo et al., 2024).
Each rung is easier to claim than the next, partly because intervention-specific assessments share vocabulary, materials or reward contingencies with instruction. A strong review should therefore resist replacing absent higher-rung evidence with high performance on a lower rung. The distinction is especially consequential when a study has one or a few participants and repeated assessments are designed around the same target robot behaviour. Meaningful mastery can be documented with confidence under such conditions, even while claims of general cognitive change remain unwarranted. The ladder is an interpretive aid developed for the present synthesis, not an empirically validated scale or proof of a universal developmental sequence.
Table 1 summarises the outcome distinctions on which subsequent evidence appraisal depends. It highlights that different assessment choices lead to different defensible statements, even when studies all use the label ‘problem-solving’. The supporting references clarify the conceptual basis; the inferential limits are the present synthesis.
Table 1. Outcome definitions and levels of inference in robotics-related computational education
	Outcome category
	Operational indicator
	Limit of a defensible claim
	Supporting references

	Participation and engagement
	Approach, attendance, choice, task persistence or observed interaction
	Does not by itself demonstrate new computational competence
	Hutchison & Barnard-Brak (2025); Barnard-Brak et al. (2025)

	Trained coding performance
	Completes a rehearsed movement or block sequence with documented prompts
	Supports acquisition of the target task, not general reasoning
	Knight, Wright, & DeFreese (2019); Wright et al. (2021)

	Near-transfer computational task
	Independently recombines taught commands or debugs an unfamiliar route
	May remain bound to the original robot or interface
	Knight, Wright, Wilson, & Hooper (2019); Shute et al. (2017)

	Independent CT
	Solves untrained algorithm, sequence or debugging items in another representation
	Needs age- and access-appropriate validity evidence
	El-Hamamsy et al. (2022); Ocampo et al. (2024)

	Broader problem-solving transfer
	Applies a strategy to a novel curriculum or everyday problem outside robotics
	Requires directly tested cross-context transfer, not inferred from engagement
	Román-González et al. (2017); Weintrop et al. (2016)


Note. CT = computational thinking. Outcome levels are interpretive distinctions developed in the present synthesis, not a validated score scale.
4. Direct Evidence from Autistic Elementary-Aged Learners
4.1 Structured Acquisition of Robot Coding Skills
Among the most directly relevant empirical reports, Knight, Wright, and DeFreese (2019) used a multiple-probe approach across skills to teach robotics coding to a child with autism spectrum disorder and severe problem behaviour. The reported instructional package used model–lead–test procedures to teach specified robot-related actions and coding responses. The child's acquisition of the taught behaviours, with reported maintenance and novel code use, provides evidence that this particular learner could acquire and apply robot-coding routines within the programme. The repeated single-case measurement is stronger for attributing changes in the trained behaviours to structured instruction than a one-off satisfaction survey would be. Its inferential reach nonetheless remains local: one child, a particular set of tasks, specific supports and no independently validated assessment of wider CT or everyday problem-solving.
The significance of this study is often underestimated if the only question asked is whether the sample can support population-wide claims. Single-case research can show that an educational goal is achievable and that a replicable prompt-and-response arrangement can be effective for an individual learner. This is a meaningful response to exclusion from computer science opportunities. Equally, the outcome should not be relabelled as a general cognitive improvement merely because algorithmic code is involved. The study cannot separate the specific effect of the physical robot from explicit instruction and reinforcement, nor can it estimate how many autistic primary pupils would benefit under ordinary classroom staffing. The distinction between a functional relation within the intervention and an average effect across children remains central (Horner et al., 2005; Knight, Wright, & DeFreese, 2019).
Gkiolnta et al. (2023) conducted a small pilot involving a child with autism and intellectual disability alongside a typically developing child during robot-programming activities. Its strength lies in detailed observation of participation and interaction during a concrete coding environment rather than in a defensible test of the robot's separate cognitive effect. The study offers evidence about feasibility and patterns of interaction under particular conditions, but two differently profiled participants do not constitute comparative samples. Observed attention, communicative acts or completed actions cannot establish change in independent algorithmic reasoning without separate baseline and outcome evidence. The presence of an intellectual disability also warrants avoiding generalisation either to all autistic children or to children with intellectual disabilities as a class.
The juxtaposition of these studies is informative. One gives a stronger repeated-measures account of acquisition by a single pupil, whereas the other provides a richer description of how a robot-programming encounter may unfold for children with differing learning profiles. Neither resolves which CT dimensions are robustly acquired across individuals, how little prompting is sufficient, or whether learning persists in ordinary lessons. The studies should therefore be interpreted as demonstrations of instructional possibility and programme-level observation rather than independent replications of an effect on general problem-solving (Gkiolnta et al., 2023; Knight, Wright, & DeFreese, 2019).
4.2 After-School Robotics, Engagement and Sensory Heterogeneity
A group of linked investigations has examined opportunities for autistic children and young people to participate in robotics and coding enrichment. Hutchison et al. (2025) considered the feasibility of an informal after-school programme; Hutchison and Barnard-Brak (2025) studied elementary-aged pupils' engagement in a seven-week programme; and Barnard-Brak et al. (2025) examined sensory sensitivity and subsequent engagement. These publications provide complementary perspectives on programme delivery but should not be mistaken for three independent controlled trials demonstrating learning efficacy. Their shared programme setting and related research questions make the body of evidence more coherent, while limiting claims about independent replication.
The elementary after-school study reported that participants tended to favour hands-on interaction and appreciated coding applications when physical consequences could be observed. Sensory responses were heterogeneous, and caregivers and staff perceived potential benefits in problem-solving, engagement and social interaction (Hutchison & Barnard-Brak, 2025). Such observations matter because the presence of a robot can either support or impede voluntary participation. Perceived benefits, however, are not pre–post estimates from a validated problem-solving instrument. Caregiver and instructor accounts may identify outcomes worth measuring in future, but they are susceptible to expectancy, novelty, opportunity and response-context effects. They should remain attributed perceptions rather than quantified independent gains.
Feasibility should also be judged by more than the number of children willing to manipulate a device. A programme is deliverable only when staff can adapt instruction, maintain equipment, respond to sensory needs, support communication and accommodate variable interests. A seven-week club may offer a desirable route into STEM participation even if a comparative cognitive effect is unmeasured. The feasibility work consequently supports a question about how to provide equitable access, but it does not settle whether physical robots are better than tablets, unplugged lessons or other well-designed coding opportunities for achieving CT outcomes (Hutchison et al., 2025; Sigayret et al., 2025).
The related study of sensory sensitivity and engagement underscores the danger of a single assumed ‘autism-friendly’ design. Greater sensory sensitivity did not simply imply disengagement, and individual patterns were related to subsequent participation in the examined programme (Barnard-Brak et al., 2025). These findings invite closer attention to choice and environmental regulation, but observational associations cannot identify whether sensory features themselves caused engagement changes. They also cannot justify selecting or excluding pupils based on sensitivity categories. The educational conclusion is that tools and environments should offer controllable stimulation and multiple access routes, with effects assessed for each child rather than predicted from diagnostic labels alone.
4.3 Integrated Robotics and Science Learning
Kotsari et al. (2026) extended the evidence beyond coding practice through a quasi-experimental intervention involving 34 autistic primary pupils studying light and colour. The intervention combined educational robotics, virtual reality and artificial-intelligence-supported instructional features. Compared with a traditional-teaching group, the technology-enhanced group showed greater science-concept performance and favourable engagement observations. This is a more substantial group-level educational comparison than isolated programme descriptions, and it demonstrates that technology-rich instructional environments can be evaluated against conventional lessons in autism education. Its outcome, however, is primarily conceptual science learning and engagement, not a separately isolated effect on computational thinking or general problem-solving.
The bundled treatment is decisive for causal interpretation. If children receive robotics, immersive visualisation, adaptive feedback, different learning tasks and a different pattern of teacher interaction, the contribution of any single component is unknown. A superior science-test score may be attributable to repeated multimodal exposure, additional feedback, better alignment between treatment and test items, or the combination. Non-randomised group allocation leaves further threats from baseline differences or contextual factors. It would therefore be incorrect to cite the study as evidence that a robot by itself improved CT among autistic primary pupils. A defensible reading recognises a promising integrated science-learning approach and an urgent need for component-level, independent assessment (Kotsari et al., 2026).
The science study nevertheless challenges an excessively narrow view of robotics as merely learning to issue movement commands. Programming and controlling a robot can be linked to predicting physical processes, testing interpretations and explaining cause and effect. Such activities may become curriculum-relevant problem-solving when children are asked to reason about light, colour or another concept rather than just finish a route. The important distinction is whether that scientific reasoning is explicitly measured and whether the child must exercise it independently. Future designs could preserve the ecology of an integrated lesson while comparing matched versions with and without the robot and administering a novel science problem unfamiliar from the intervention (Kotsari et al., 2026; Weintrop et al., 2016).
4.4 What the Direct Evidence Does and Does Not Establish
Taken together, the elementary-specific studies justify three bounded conclusions. Structured instruction can support acquisition of specified robotics-related coding behaviours by at least some autistic children. Informal programmes can be organised in ways that enable participation and reveal meaningful individual preferences. Technology-rich, robotics-containing science instruction can be associated with stronger curriculum performance under quasi-experimental conditions. None of these propositions requires treating autism as a deficit that robots correct, and none supports a universal claim of improved general reasoning. The evidence is strongest at the level of trained performance, feasibility and particular curriculum outcomes; it is weaker for independent CT and currently insufficient for broad real-world problem-solving transfer (Gkiolnta et al., 2023; Hutchison & Barnard-Brak, 2025; Knight, Wright, & DeFreese, 2019; Kotsari et al., 2026).
A principal reason for uncertainty is not lack of interest but lack of an evidential chain between intervention, proximal skill and distal outcome. Reports differ in baseline abilities, intensity, level of adult prompting, coding interface and what counts as success. A programme may show positive participation yet omit an independent reasoning measure; a single-case design may document novel code combinations yet use the same platform as instruction; an integrated science intervention may achieve better content understanding without isolating robotics. Combining their favourable conclusions into a single estimate would exaggerate the knowledge base. The appropriate approach is to preserve each contribution while refusing to fill its missing link with evidence from a different study or population.
Table 2 identifies the directly pertinent studies and the inference each can most reasonably sustain. The contrast between observed task learning, perceived benefit and measured curriculum achievement is more informative than counting them collectively as successful ‘robotics for autism’ interventions.
Table 2. Representative direct studies involving autistic primary-aged learners
	Study and setting
	Outcome evidence
	Critical constraint
	Supporting references

	Single pupil, structured robotics coding
	Acquisition of explicitly taught routines; novel code use assessed within the programme
	A single-case teaching package cannot establish a population CT effect or far transfer
	Knight, Wright, & DeFreese (2019)

	Two-child programming pilot; one autistic child with intellectual disability
	Qualitative observations of interaction, communication and activity participation
	Different participants are not diagnostic comparison groups; no independent CT test
	Gkiolnta et al. (2023)

	Autism-focused after-school coding feasibility programme
	Feasibility, participation and patterns across sessions
	Non-randomised programme outcomes do not isolate robot-specific cognitive effects
	Hutchison et al. (2025)

	Seven-week elementary after-school robotics and coding
	Hands-on preferences; parent and staff perceptions of possible problem-solving benefit
	Perceived improvements are not validated independent problem-solving change
	Hutchison & Barnard-Brak (2025)

	Sensory sensitivity and programme engagement
	Sensory features associated with engagement trajectories
	Observational association; not a test of CT or experimental sensory modification
	Barnard-Brak et al. (2025)

	Primary science quasi-experiment with robot, virtual reality and adaptive tools
	Improved science-concept and engagement outcomes in a combined programme
	Bundled components prevent attribution to robotics; CT not independently isolated
	Kotsari et al. (2026)


Note. CT = computational thinking. Studies are selected to illustrate different outcome claims, not presented as an exhaustive enumeration.
5. Interpreting Adjacent Evidence Without Overextending It
5.1 Coding Studies Involving Older Autistic Pupils
Research with autistic pupils beyond the primary years provides useful evidence that coding procedures can be taught and, in some circumstances, applied beyond the exact examples used during instruction. Knight, Wright, Wilson, and Hooper (2019) taught digital block-based robot coding to three high-school students with autism and challenging behaviour. Their single-case findings documented acquisition and combinations of commands under a structured teaching arrangement. Wright et al. (2021) evaluated video prompting for robotics and coding with three autistic middle-school pupils. These investigations are stronger examples of systematic instruction for narrowly specified coding targets than studies relying on unsystematic teacher impressions. They do not, however, estimate the effectiveness of robotics for elementary pupils, for whom language, motor demands, curriculum experience and independence may be markedly different.
A distinction is required between demonstrating response generalisation inside the trained domain and demonstrating cross-domain reasoning. An unfamiliar robot code or new arrangement of taught commands can constitute genuine near transfer. It shows that a participant is not merely copying the single last demonstration. Yet novel code combinations on the same device may depend on procedural and perceptual similarities that are absent in an independent CT instrument or an everyday planning task. Generalisation is therefore not a binary claim. The degree of novelty, the coding platform, cueing and the independent administration of probes should all be reported before generalisation is interpreted as a broad cognitive gain (Knight, Wright, Wilson, & Hooper, 2019; Wright et al., 2021).
The exploratory investigation by Kim et al. (2026) explicitly engaged computational thinking within robot programming for pupils with developmental disabilities. Its sample comprised one autistic middle-school pupil and three pupils identified with intellectual disabilities, rather than four autistic participants. The study used concepts, practices and perspectives to frame computational engagement and documented emerging capabilities within project-based tasks. It is highly relevant to how CT might be conceptualised in accessible instruction. Nevertheless, the mixed diagnostic composition and extremely small number of autistic participants prevent a subgroup effect estimate. The distinction is not semantic: falsely treating this as a four-participant autistic sample would inflate the apparent direct evidence and obscure which support characteristics were actually studied.
Yuen et al. (2014) also examined collaborative robotics projects with autistic adolescents, focusing on interaction in differing collaborative arrangements. The study illuminates how the organisation of a robotics task can shape communication opportunities, but the target outcome was not independent CT. Combining its social observations with the older-pupil coding interventions as though they measured the same construct would be methodologically indefensible. In a related but distinct intervention, Raghavendra et al. (2025) evaluated school-based LEGO robotics therapy with autistic adolescents. Qualitative experiences were encouraging, but the researchers did not find statistically significant pre–post change in the assessed anxiety, social skill, motivation or engagement outcomes. This null finding is an important corrective to the assumption that any appealing robotics activity necessarily generates measurable benefit. It does not refute the possibility of CT learning, because CT was not the primary claim or tested outcome.
The older-pupil literature thus supports instructional feasibility and limited task acquisition, not a straightforward age-independent effect of educational robots. A middle-school child with extensive keyboard and symbolic experience may encounter fewer barriers to block-based coding than a younger child, while another older pupil may require intensive prompting regardless of chronological age. Age alone is an inadequate bridge. Baseline programming knowledge, receptive language, motor requirements, preferred representations and opportunities to practise are more plausible moderators, yet the existing small samples are insufficient to estimate their contribution reliably (Kim et al., 2026; Knight, Wright, Wilson, & Hooper, 2019; Wright et al., 2021).
5.2 General-Population Primary Robotics: Positive Evidence and Important Counterexamples
Studies in general primary education establish that CT-related skills can be taught using robotics, but they do not show that a physical robot consistently adds value relative to other modes of teaching. Bers et al. (2014) and Sullivan and Bers (2016) describe early-childhood curricula through which children used age-appropriate robotic programming and tinkering. Angeli and Valanides (2020) found that young pupils could undertake decomposition and debugging in a Bee-Bot setting, with learning dependent in part on scaffolding approach. These studies offer a conceptual basis for testing instruction among autistic pupils because they demonstrate that complex programming syntax is not always required to make algorithms visible. They do not establish diagnostic-group equivalence, and the outcome demands may still differ according to a child's sensory, communicative or motor profile.
At older primary ages, Noh and Lee (2020) reported development in computational thinking and creativity during robotics programming, while Tengler et al. (2022) found improvements after robotics-based storytelling activities in a small group of third- and fourth-grade pupils. The latter work used a pre–post approach, so observed improvement may reflect learning opportunities but cannot on its own exclude maturation, repeated assessment or other concurrent instruction. Yang et al. (2024) compared a robot-assisted curriculum with computer-only teaching across two elementary classes and reported more favourable CT-related achievement, motivation and attitude measures in the robot condition. The contrast is informative, although two intact classes taught over three weeks by one teacher leave limited protection from class-level differences and novelty. Each study contributes a plausible benefit under specified conditions, not a universal robot advantage.
More rigorous or differently configured comparisons complicate this optimistic pattern. Shimizutani et al. (2025) conducted a randomised primary-school study in Iraq with robotics learning and a separate mathematics application as factorial interventions. The investigators reported short-run CT effects concentrated among girls, with longer persistence for a group receiving both forms of instruction. The pattern suggests sensitivity to context and intervention combinations rather than an effect uniformly distributed across pupils. It also illustrates why interventions involving two educational technologies must not assign the joint effect exclusively to robotics. The study population was not selected for autism, and a general-population subgroup result cannot forecast which autistic children will benefit.
Hughes et al. (2026) evaluated teacher-led robot instruction in early primary classrooms using conditions that differed in the inclusion of curriculum and teacher education. The study reported better programming performance where a robot curriculum was supported by professional learning. The result makes teacher preparation part of the intervention, not a peripheral implementation detail. A well-designed device placed in the classroom without instructional preparation may not reproduce the same effect. Conversely, where training and a coherent curriculum are introduced together, it is difficult to isolate whether the robot, the teacher's knowledge or their interaction explains the observed difference (Hughes et al., 2026).
Two recent studies are especially consequential because they challenge the interpretation of robots as the superior means of introducing CT. In experiments with novice fifth-grade pupils, Sigayret et al. (2025) found that Scratch-based instruction without a robot outperformed robot-plus-Scratch instruction for learning programming concepts and algorithmic problem-solving. A further comparison indicated higher extraneous cognitive load when children had to manage both the software and a physical robot, even while the robotic activities elicited greater motivation. These findings are not evidence that robots are intrinsically harmful. The robotics arm in the first experiment was added in a later cohort, so cohort or instructional-context differences remain a qualification to the comparative estimate; the second experiment provides a more focused test of reported cognitive load. Taken together, the results identify a credible circumstance in which simultaneous control of multiple interfaces distracts from the cognitive target. This mechanism may be particularly important in an inclusion context, although the study did not test autistic participants.
A Grade 1 quasi-experiment by Fehrmann (2026) likewise found no statistically significant advantage for a short robot-based instructional unit over the comparison group on an age-targeted CT measure. Potential ceiling effects and intervention duration complicate interpretation, but the null contrast is important because both groups improved over time. Without a comparative design, such concurrent gains could easily be mistaken for a robot effect. Together, the studies demonstrate that a successful robotic activity, increased motivation and improved CT are empirically separable events. The proper comparison is not robotics versus doing nothing alone, but robotics against another credible and accessible route to the same learning goal (Fehrmann, 2026; Sigayret et al., 2025).
A further study of 191 pupils followed over two primary-school years reported gains in algorithmic thinking and debugging during block-based programming instruction without centring a physical robot (Wong et al., 2024). It illustrates the range of alternative means by which CT can be taught and the value of observing a developmental trajectory rather than measuring only immediate performance. For autistic learners, the practical implication is a genuine educational choice: screen-based programming, physical robotics and unplugged cards should be compared for their contributions to the same independent outcome under equivalent instructional conditions. No single modality should be labelled inclusive solely because it is tangible or engaging.
5.3 Why Reviews of Robotics Report Different Conclusions
The educational-robotics literature contains several quantitative syntheses that appear to point in different directions. Zhang et al. (2021) pooled 17 studies and reported a positive average standardised mean difference for CT in K–12 populations, whereas effects on STEM attitudes were comparatively small. Ouyang and Xu (2024) found moderate average benefits across STEM learning more broadly but did not detect a statistically convincing aggregate CT effect. The two reviews differ in eligible studies, subject domains, coding of outcomes, statistical models and reference comparisons. This divergence is more informative than selecting whichever pooled figure appears most supportive. Neither analysis provides a target-specific effect for autistic primary pupils.
Meta-analysis of programming ability offers another angle. Reviews restricted to particular forms of programming achievement may yield positive effects because the outcome is close to what robotics explicitly teaches. Effects on distant reasoning or general curriculum achievement may be smaller or more variable, especially when controls receive active computing instruction. Studies also differ in whether they include preschool, primary and adolescent participants together. Such heterogeneity weakens the interpretation of a single average as an estimate for a particular teacher choosing a tool for an autistic pupil. The correct question is which task, comparator, instructional dose and outcome produce a credible change under specified conditions (Ching & Hsu, 2024; Ouyang & Xu, 2024; Zhang et al., 2021).
A meta-analysis of autism-related science, technology, engineering and mathematics (STEM) learning further shows the danger of importing a broad educational category as direct robotics evidence. Da et al. (2025) synthesised single-case studies involving autistic pupils and pupils with intellectual disabilities, across STEM interventions that were not confined to robots. Its favourable instructional findings support the value of carefully structured STEM teaching but cannot establish a robotic mechanism or an effect among autistic elementary pupils specifically. The appropriate triangulation is methodological: explicit goals, repeated measures, accessible instruction and transfer probes can help build a stronger robotics literature. It is not valid to combine the review's intervention effects with the pooled effects of general-population robotics studies and present a new average for autism.
5.4 Socially Assistive Robotics: Relevant Conditions, Different Outcomes
Socially assistive robotics examines a heterogeneous group of devices and therapeutic or educational interactions. Pennisi et al. (2016) found early promise but extensive inconsistency in design and measures. The meta-analysis by Kouroupa et al. (2022) identified small favourable effects on some social outcomes across controlled studies while highlighting the limits of evidence in other outcome domains. Wang et al. (2025) later reported a pooled beneficial signal across broader autism outcomes, and Ramnauth et al. (2026) reviewed an expanding literature with persisting gaps in generalisation and longitudinal evidence. These works merit attention because research about participation, robot predictability and generalisation is relevant to classroom design. Their effect estimates should not be described as estimates for programming, debugging or academic problem-solving.
Intervention mechanisms also differ between an autonomous social partner and a programmable classroom device. Scassellati et al. (2018) evaluated extended use of an in-home social robot targeting social skills, whereas Zheng et al. (2020) studied robot-mediated joint-attention intervention under randomised conditions. Both concern socially oriented targets with distinct developmental contexts. A successful interaction in these programmes cannot show that a child can independently formulate a robot control algorithm; a null social-intervention contrast cannot rule out competence in coding. The same device category therefore supports several lines of scholarship that should remain conceptually separate unless a study intentionally measures both social and computational outcomes.
Work on implementation adds an important bridge. Huijnen et al. (2016, 2017, 2019) explored how robots might be mapped to intervention goals, designed with stakeholders and integrated into professional practice. The studies caution against assuming that a robot is the intervention by itself. Its function depends on goals, who structures the encounter and whether the environment is acceptable. Guldberg et al. (2026) similarly foregrounded methodological principles for responsible innovation in robot-mediated education for autistic pupils. These contributions strengthen the ethical and instructional framework for CT research, even though they cannot fill the empirical gap about measured computational outcomes.
Table 3 sets out the four evidence categories and the specific propositions each can support. The central lesson is directional: evidence may guide hypothesis formation across domains, but stronger direct claims require measures taken with the population and outcome of interest.
Table 3. Evidence hierarchy and limits on cross-population or cross-outcome inference
	Evidence class
	What it informs
	What it cannot establish
	Supporting references

	Direct autistic primary programming and integrated lessons
	Task acquisition, access, feasibility and some curriculum-linked learning
	Generalised CT effect of robotics alone
	Gkiolnta et al. (2023); Knight, Wright, & DeFreese (2019); Kotsari et al. (2026)

	Autistic adolescents or mixed developmental-disability studies
	Feasibility of coding instruction; scaffolding and group interaction
	Age-specific effectiveness in elementary autistic pupils
	Kim et al. (2026); Raghavendra et al. (2025); Wright et al. (2021)

	General-population primary robotics studies
	Plausible mechanisms; active comparisons; positive and null CT outcomes
	An autism-specific treatment effect or accessible assessment validity
	Fehrmann (2026); Sigayret et al. (2025); Yang et al. (2024)

	Socially assistive robotics research
	Interaction conditions, acceptable delivery and generalisation challenges
	Programming, algorithmic CT or general problem-solving benefits
	Kouroupa et al. (2022); Ramnauth et al. (2026); Zheng et al. (2020)


Note. CT = computational thinking. Higher conceptual relevance does not eliminate design-based risk of bias.
6. Conditions That May Mediate or Moderate Learning
6.1 Immediate Feedback Can Clarify an Error or Add a Distractor
Robot movement can make the relation between a program and its execution perceptible. If a pupil predicts that a sequence of commands will turn a robot left and then move it forward, the observed path provides a concrete basis for comparing prediction and result. This is particularly valuable when a teacher asks the learner to state a prediction before pressing ‘run’, identify the first mismatch and justify a proposed correction. Such instruction can transform an otherwise entertaining activity into a disciplined cycle of hypothesis, observation and revision. Research with young learners supports the feasibility of decomposition and debugging within embodied robotic tasks, but not the assumption that all pupils spontaneously adopt these practices when a robot is present (Angeli & Valanides, 2020; Bers et al., 2014; Wong et al., 2024).
The same embodiment introduces contingencies that are extraneous to the target algorithm. Batteries, wheel alignment, surface friction, sensors, cables and connection errors can cause the robot to behave differently from the code's intended logic. Novice children may not know whether to revise a command or repair hardware. A classroom can spend substantial time resolving mechanical problems without advancing conceptual understanding. Sigayret et al. (2025) provide rare comparative evidence of this trade-off: physical robot use raised motivation but was associated with greater extraneous load and lower mastery of the tested programming concepts than software-only instruction. Their findings caution against equating visible feedback with cognitively efficient feedback.
This trade-off has specific implications for autistic pupils without implying a universal autism-related cognitive deficit. A student who prefers stable visual representations might find physical unpredictability frustrating; another may find tangible movement easier than a dense screen interface. The outcome depends on the individual and the way uncertainty is introduced. Teachers could reduce unnecessary variability during early instruction, display one code block at a time and explicitly distinguish a programming error from a mechanical failure. The expected improvement from such approaches is theoretically plausible and consistent with accessible instruction, but their differential effects among autistic primary pupils remain to be tested rather than claimed (Hutchison & Barnard-Brak, 2025; Sigayret et al., 2025).
6.2 Scaffolding Must Be Separated from Independent Competence
Structured modelling, prompting, response feedback and graduated practice appear frequently in robotics instruction. For a child new to programming, these supports are sensible ways to introduce an unfamiliar symbolic system. Knight, Wright, and DeFreese (2019) and Wright et al. (2021) show how clear, repeated instructional procedures can produce target skill acquisition in autistic learners, although the second study involved older pupils. The methodological challenge is that the prompt can become part of what determines a correct response. If the adult identifies a mistake before the child does, the resulting corrected route cannot be scored as independently demonstrated debugging.
A more informative instructional record would distinguish full physical assistance, partial prompting, visual cueing, verbal hints and independent response, including latency and the reason for any error. During probes, prompts can be systematically withheld or introduced only after the independent response interval closes. Such procedures are feasible within single-case designs and can reveal whether the learner is developing an autonomous strategy rather than following a rehearsed sequence. They also allow teachers to protect the child's comfort while maintaining valid measurement. Independence should not be confused with unsupported performance: an accessible representation or consistent communication aid may be a legitimate accommodation rather than a contaminating prompt, provided it is also available during comparison assessments.
Scaffolding strategy may interact with the learner's familiarity with the materials and the language used to explain code. Angeli and Valanides (2020) found that the format of support mattered to children's CT learning, and Hughes et al. (2026) demonstrated a consequential role for teacher preparation in early primary robotics. A universal scripted method is unlikely to capture the full diversity of needs, but purely ad hoc support makes research difficult to interpret. The methodological compromise is to define a small set of permissible adaptive supports prospectively, document when they are used and test whether observed outcomes persist under a specified level of independence.
6.3 Sensory Experience, Agency and the Choice of Interface
Educational robots generate sound, movement, flashing signals and often unpredictable social activity among peers. Each stimulus may be appealing, neutral or aversive depending on the child, setting and prior experience. Reports from autistic after-school robotics participants point towards preferences for physical interaction alongside substantial variation in sensory responses (Hutchison & Barnard-Brak, 2025). Engagement trajectories related to sensory sensitivity in a linked analysis reinforce the need to replace diagnostic stereotypes with actual observation (Barnard-Brak et al., 2025). Neither finding implies that greater sensitivity necessarily prevents successful participation.
Sensory accessibility can be treated as an instructional design variable rather than an exclusion criterion. Examples include volume control, disabling non-essential lights, choosing a quiet work area, offering headphones, allowing observation before direct handling and providing a screen simulation or card-based representation of the same algorithm. Such adjustments may reduce costs of participation without removing the central learning requirement. Because modifications change the experience, they should be described precisely and tracked alongside learning. A programme that improves access by reducing noise has achieved something meaningful even if the tested coding content remains unchanged; conversely, accessibility should not be cited as proof of cognitive transfer.
Agency also influences the interpretation of engagement. A child who declines a humanoid interaction may still be willing to construct a route or work individually with a programmable robot. Research on preparing autistic children to participate in humanoid-robot studies emphasises familiarisation, predictability and individual comfort (McGregor et al., 2025). Applied to education, this suggests that assent and choices about interfaces should be revisited throughout a programme, rather than assumed from a single initial expression of interest. A child cannot demonstrate programming skill under conditions of persistent distress, but making a robot compulsory to obtain credit also creates avoidable exclusion. The critical outcome is meaningful computational opportunity, not maximal exposure to any one device.
6.4 Collaboration Can Support Reasoning While Concealing Individual Learning
Robotics is commonly taught in pairs or groups, where pupils negotiate routes, divide assembly tasks and test one another's ideas. Such interaction can provide a reason to articulate why a particular command should work. General-population curricula and some autism-focused projects describe promising collaborative behaviour in this context (Sullivan & Bers, 2016; Yuen et al., 2014). Nevertheless, the presence of a group product does not establish individual CT acquisition. One pupil may choose all the commands while another controls the start button; successful completion can conceal unequal access to the intended reasoning task.
Evaluation must therefore distinguish group process, contribution and independent learning. Observation codes may record the origin of a strategy, the child's opportunity to modify code and whether peers supply the final answer. Afterwards, each learner can solve a brief untrained problem using accommodations compatible with their communication and motor access. This is not a demand for solitary learning as the superior form of education. It is a way to evaluate whether collaborative engagement creates personal understanding. For autistic pupils, forcing a standard pattern of verbal turn-taking may impose a second, unrelated learning demand; alternative communication and shared visual plans can be accommodated without weakening the computational target.
The evidence from collaborative projects also cautions against conflating learning with conformity. Improvements in reciprocal exchanges can be valued on their own terms, but they do not necessarily indicate deeper algorithmic understanding, and a child who works quietly may still demonstrate sophisticated code prediction. Inclusive robotics research should avoid making visible sociability a prerequisite for credit in computer science (Guldberg et al., 2026; Huijnen et al., 2019; Yuen et al., 2014). This distinction is both an equity principle and a measurement safeguard.
6.5 Duration, Novelty and Prior Experience
Short workshops can indicate whether tasks are acceptable, whether tools function and whether a child can achieve an immediate objective. They are less persuasive tests of durable CT development. In an initial robotics session, attention may reflect novelty; by the eighth session, engagement may depend on choice, challenge progression or familiarity. A short pre–post difference can arise because children have practised the specific item format. Conversely, a child may show little movement on a test despite gains in fluency or confidence because the assessment is insensitive to the relevant starting level (El-Hamamsy et al., 2022; Hutchison et al., 2025).
Developmental learning also depends on earlier exposure. A pupil who has used a block-based environment may quickly learn to control physical hardware without much change in general CT, while a beginner may invest most cognitive effort in understanding drag-and-drop conventions. Baseline records should therefore distinguish general digital familiarity, programming concepts, robot operation and task-related problem-solving. Using a single undifferentiated ‘prior ability’ score risks obscuring exactly where improvement occurs. In longer-term general-population studies, changes in debugging and algorithmic reasoning have been documented over sustained curricula; whether comparable trajectories occur among autistic pupils under differentiated instruction remains unknown (Noh & Lee, 2020; Wong et al., 2024).
A follow-up should test both retention of a familiar procedure and use of an unfamiliar problem, ideally with a different surface form. The time interval should be specified prospectively, and any intervening computing lessons documented. A classroom claim of persistent learning is stronger if the learner can independently correct a new algorithm after a period without coaching than if the original route is repeated during the final club session. Where a child continues using robotics voluntarily, additional practice is educationally valuable but must be considered when attributing later improvement to the initial programme.
The mechanisms reviewed in this section imply that the robot is not a unitary treatment. Table 4 identifies conditions likely to change the balance between access, engagement and computational learning. These are interpretive propositions, not empirically established moderators in autistic elementary samples.
Table 4. Plausible mechanisms, moderating conditions and practical test strategies
	Condition
	Potential educational contribution
	Competing explanation or risk
	Supporting references

	Physical feedback
	Makes programmed action and error visible
	Mechanical unpredictability and extraneous load
	Angeli & Valanides (2020); Sigayret et al. (2025)

	Prompted teaching
	Permits systematic acquisition of coding routines
	Adult assistance can be mistaken for independent debugging
	Knight, Wright, & DeFreese (2019); Wright et al. (2021)

	Sensory choices
	Supports voluntary access and comfort
	Preferences vary; associations do not identify causes of learning
	Barnard-Brak et al. (2025); McGregor et al. (2025)

	Peer collaboration
	Creates opportunities to explain and revise plans
	Group success may hide unequal individual reasoning
	Sullivan & Bers (2016); Yuen et al. (2014)

	Teacher preparation and duration
	Aligns task structure, supports and progression
	Training, novelty and practice may drive measured change
	Hughes et al. (2026); Wong et al. (2024)


Note. These are conditional mechanisms warranting testing, not established effect modifiers in autistic elementary samples.
7. Outcome Measurement, Transfer and Evidence Quality
7.1 Assessment Tools Must Match the Learner and the Claim
One of the most consequential weaknesses in this literature is that an outcome may carry the label ‘computational thinking’ without a consistent theoretical or psychometric definition. A programming challenge can assess concept recognition, algorithm construction, route planning, error identification or use of a familiar interface. These are related yet distinct performances. Reviews of instruments for the early years have documented substantial variation in domains, modalities and validation procedures (Ocampo et al., 2024). The appropriate response is not to abandon CT as a construct but to state exactly which dimension, representational format and level of independence the measure addresses, and what evidence establishes that it is interpretable for the children being assessed.
Tests developed for the wider school population provide a starting point, not automatic proof of validity for autistic children. Román-González et al. (2017) investigated the criterion validity of a CT test in relation to cognitive abilities. El-Hamamsy et al. (2022) compared two CT assessments for third- and fourth-grade pupils and identified psychometric differences with implications for ability range and ceiling effects. These works inform test selection, especially the need to avoid instruments too easy or too difficult for the participant group. They do not establish measurement invariance by autism diagnosis, communication profile or intellectual disability, and their results cannot be used as a substitute for examining how an autistic learner understands instructions and responds to a particular item.
The choice of format can change what a score means. Text-heavy questions may measure reading comprehension as well as CT; timed touch-screen activities may be affected by motor planning or device familiarity; oral explanations may disadvantage a child whose reasoning is better expressed by pointing, arranging cards or selecting a visual sequence. Conversely, replacing every question with a familiar robot command may inflate content overlap and narrow the construct. Accessible assessment requires a transparent balance: preserve the intended algorithmic problem while permitting alternative ways to perceive, represent and communicate a solution. Adaptations should be piloted, recorded and examined for whether they change task difficulty or the cognitive process being tested (El-Hamamsy et al., 2022; Ocampo et al., 2024).
When pupils differ widely in baseline capability, a single total score may conceal important changes. A child who initially cannot initiate a sequence without a prompt might develop independent sequencing while showing little change on an abstract loop test. Another may already understand basic sequences and improve chiefly in debugging unfamiliar code. Domain-level reporting, individual trajectories and error classifications offer more educationally interpretable evidence than a sole composite percentage. Such analysis does not imply that every idiosyncratic improvement is a valid CT gain: scoring rules and independence criteria should be specified before outcome data are examined (Kim et al., 2026; Shute et al., 2017).
7.2 The Transfer Problem Requires Explicitly Designed Tests
A meaningful assessment programme should contain at least three conceptually separable tasks. The first establishes whether the child acquired the content explicitly taught. The second presents a new computational challenge without the familiar demonstration, ideally varying surface details and requiring an independent solution. The third assesses a curriculum or everyday problem outside the original robot platform, when broader transfer is an objective. The distinction follows the inferential ladder introduced earlier. It prevents a study from describing successful completion of a new route on the same robot as evidence for a general ability to plan, reason or solve unfamiliar life problems (Knight, Wright, & DeFreese, 2019; Shute et al., 2017).
Transfer also needs a meaningful comparator. If all groups take a novel CT test but only the robotics group has learned the test's exact vocabulary, a score advantage may reflect alignment rather than a uniquely embodied mechanism. In a fair comparison, curricula should target the same concepts, use approximately equivalent learning time and provide similar opportunities for guided practice. Conditions can differ by robot embodiment while retaining comparable visual programming, feedback and teacher contact. Sigayret et al. (2025) show why such comparisons matter: a robot's motivational advantage did not translate into better tested computational performance. A design without an active comparator could miss this trade-off entirely.
Generalisation across people and settings can be measured separately from conceptual transfer. A child might independently run the same code with a new teacher or in another classroom, which demonstrates useful contextual flexibility. That result still does not establish the ability to construct a new algorithm. Conversely, a child may solve a novel code puzzle but require environmental adjustments to participate in a noisy club. Research reporting both context change and problem novelty can avoid conflating the two. In autism education, this distinction matters because participation conditions and cognitive competence may vary independently (Guldberg et al., 2026; Huijnen et al., 2017).
7.3 Risk of Bias: Small Samples, Bundled Treatments and Outcome Proximity
The sparse directly relevant literature does not support a pooled treatment effect. One well-documented single-case series can demonstrate a conditional functional relation for a trained behaviour, but it cannot show the average impact of robotics for a heterogeneous school population. Small feasibility programmes can identify barriers and acceptability, but they lack the counterfactual required to isolate cognitive change. Quasi-experiments can estimate contrasts, yet pre-existing differences in class placement, teacher support, group allocation or baseline ability remain plausible alternatives. Results across these methods should be presented with outcome-specific confidence rather than an undifferentiated statement that the evidence is ‘positive’ (Horner et al., 2005; Hutchison et al., 2025; Kotsari et al., 2026).
Several recurring threats deserve attention. Selection bias arises when pupils who are already comfortable with technology are recruited into optional clubs. Performance bias appears when an enthusiastic specialist delivers the robot programme while the comparator receives ordinary instruction. Detection bias emerges when observers know which child received a robotics intervention and rate vague constructs such as confidence or problem-solving without anchored behavioural criteria. Attrition can occur if overstimulated pupils withdraw, creating an apparently positive picture among completers. Publication bias may favour short, successful demonstrations over classroom trials that find little difference. These mechanisms are credible methodological concerns, not claims that any particular author engaged in poor practice.
One especially important problem is the multi-component instructional package. In autism interventions, robots may appear alongside visual schedules, individual prompting, structured reinforcement, virtual reality, peer collaboration or adaptive feedback. Such packages can be pedagogically coherent and ethically necessary; reducing every component is not always desirable. The analytic limitation is that a comparison of the full package with ordinary instruction estimates the package effect, not the isolated contribution of the robot. A component-specific study can compare equivalently supported coding lessons with and without embodiment while allowing accommodations in both conditions. This is an experimental question different from the pragmatic question of whether an integrated programme benefits classroom learning (Kotsari et al., 2026; Wright et al., 2021).
7.4 Interpreting Positive, Null and Inconclusive Results Together
The literature is not simply divided between ‘effective’ and ‘ineffective’ robots. One study may measure engagement, another code accuracy and another a distal algorithm test. Even where two studies both measure CT, differences in dosage and comparison group can produce distinct results without a genuine contradiction. Positive findings in selected single-case instruction, mixed effects in primary comparisons and null effects for certain social or short-duration CT outcomes can coexist. A coherent theory predicts that benefits depend on alignment among learner characteristics, task demands, scaffolding and assessment rather than on the presence of a robot alone (Fehrmann, 2026; Knight, Wright, & DeFreese, 2019; Raghavendra et al., 2025; Sigayret et al., 2025).
Conflicting evidence should modify practice and research design. The finding that screen-only instruction can outperform robot-plus-software instruction suggests introducing core programming ideas in a simpler format before adding physical hardware for meaningful applications. Yet this remains a hypothesis for autistic pupils, not an established sequencing rule. The observation that some children prefer tangible robots suggests retaining an embodied option where it increases access or interest. Importantly, preferences can affect participation without changing the correct answer to a computational question. Evaluations should therefore report engagement and CT as co-primary but distinct outcomes when both are programme goals.
Table 5 summarises recurrent measurement problems and the evidence needed to address them. The emphasis is on interpretive validity, not merely numerical precision: a precisely measured robot route still cannot answer an unmeasured question about everyday problem-solving.
Table 5. Recurring threats to inference and measurement improvements
	Problem
	Why it matters
	Preferable measurement or design
	Supporting references

	Outcome-label ambiguity
	Engagement, code execution and CT may be conflated
	Pre-specify CT facet; report distinct participation and problem-solving outcomes
	Ocampo et al. (2024); Shute et al. (2017)

	Prompt and test overlap
	Teaching cues may remain present in apparent mastery
	Record assistance; include independent untrained probes
	Horner et al. (2005); Wright et al. (2021)

	Accessibility confounding
	Language, motor or sensory demands influence observed scores
	Pilot accessible formats and examine floor/ceiling effects
	El-Hamamsy et al. (2022); McGregor et al. (2025)

	Bundled instruction or weak comparator
	Robot effects are mixed with teacher training and extra feedback
	Match time and pedagogy; isolate embodiment where feasible
	Hughes et al. (2026); Kotsari et al. (2026)

	Short-term and platform-bound measures
	Immediate success does not prove lasting transfer
	Test maintenance and problems with different devices or settings
	Knight, Wright, & DeFreese (2019); Román-González et al. (2017)


Note. CT = computational thinking. Designs should also document missingness, non-participation and implementation deviations.
8. Inclusive Classroom Implementation and Ethical Responsibilities
8.1 Designing Participation Around Educational Choice
Inclusive robotics should begin with a clear academic goal rather than the assumption that autistic pupils require a distinctive machine. The teacher might seek independent sequencing, accurate debugging, interpretation of an unfamiliar conditional or co-operative explanation of a strategy. Once the goal is specified, robots can be compared with screen-based code, tangible cards and other manipulatives as alternative representations. A child who can demonstrate the same conceptual understanding without physically operating the device should not be treated as less capable. Choice between modalities also reduces the risk that a participant's motor, sensory or communicative characteristics will be misinterpreted as limitations in algorithmic reasoning (Hutchison & Barnard-Brak, 2025; McGregor et al., 2025).
Task design should include a manageable progression and opportunities for success without suppressing genuine problem-solving. Early tasks may use a small number of commands and a stable route; later tasks can introduce alternative paths, loops, deliberate bugs and open-ended projects. Teachers should make the target concept explicit so that trial-and-error does not become the sole route to completion. A learner who prefers repetition may benefit from consistent routines before novelty is introduced, while another may disengage unless tasks permit exploration. These are design options to evaluate at an individual level, not prescriptions inferred from an autism diagnosis (Angeli & Valanides, 2020; Huijnen et al., 2019).
Implementation also has an opportunity cost. Robotics equipment requires storage, charging, maintenance, software compatibility and staff preparation. A lesson interrupted by connectivity failures or prolonged assembly cannot be assumed to deliver the intended dose of algorithmic reasoning. Schools working with constrained budgets should be able to ask whether the expected benefit exceeds what could be achieved with cards or computers already available. Comparative evidence from general classrooms shows that additional hardware is not invariably beneficial for novice programming learning. Equity therefore means providing a justified and accessible route into computing, not equating higher equipment expenditure with superior educational quality (Hughes et al., 2026; Sigayret et al., 2025).
8.2 Teacher Knowledge and Specialist Collaboration
Autism-informed adaptation and computer science pedagogy require different forms of expertise. A teacher may understand communication supports and positive classroom routines but be unfamiliar with variables, loops or debugging. A computing specialist may understand those concepts while overlooking sensory access or the distinction between a prompt and an accommodation. Research on teacher-supported primary programming and stakeholder co-creation implies a need for interdisciplinary preparation rather than simple equipment distribution (Guldberg et al., 2026; Hughes et al., 2026; Huijnen et al., 2017). Programme descriptions should state who selected the learning goals, who provided support, what training occurred and how task difficulty was adapted.
Teacher fidelity also affects inference. A class in which the teacher consistently asks children to predict, test and explain may promote more CT than a class using the same robot mainly for demonstrations. Fidelity records could capture whether essential instruction was delivered while permitting planned individual adaptations. This does not require suppressing teachers' professional judgement: it requires distinguishing purposeful adjustment from uncontrolled implementation variability. Research should also examine sustainability after researchers leave, because an intervention dependent on unusually intensive specialist attention may not be practical for ordinary elementary timetables.
8.3 Autistic Perspectives, Assent and Safety
The opportunity to learn computing should not be conditional on accepting avoidable distress or participating in unwanted social interaction. Familiarisation, a choice to observe before handling equipment, breaks and the ability to withdraw without penalty support meaningful participation. McGregor et al. (2025) demonstrated the practical importance of preparation and context when autistic children encounter a research robot. Although the paper concerns a humanoid platform rather than school coding, the ethical logic applies: engagement should be voluntary and the child's experience should inform design. Parent and teacher views contribute valuable context but do not replace the pupil's own preferences where these can be elicited.
Researchers should anticipate risks arising from bright lights, sound, moving parts, frustrating device failure and public comparison of children’s performance. Privacy becomes salient when robotic platforms or learning applications retain images, audio or identifying interaction logs. Data collection should be proportionate to the stated outcomes, with access controls and transparent information for families and pupils. Research protocols should explain how assent, communication accommodation and withdrawal are managed. These are general ethical requirements for school-based technology research; the reviewed cognitive outcomes do not permit declaring one device universally safe or acceptable.
8.4 Inclusion Is an Outcome as Well as a Condition
Participation and belonging deserve explicit reporting without being conflated with CT. A pupil previously excluded from computer science enrichment may benefit from access to a well-supported club regardless of whether an independent CT test changes measurably over seven weeks. Conversely, a programme can raise a test score but remain inequitable if some pupils cannot tolerate its environment or complete its physically demanding tasks. A robust evaluation should therefore record reach, attendance, reasons for non-participation, reasonable adjustments, pupil choice and learning outcomes as different components of programme value (Barnard-Brak et al., 2025; Hutchison et al., 2025; Huijnen et al., 2017).
Inclusive design may also challenge conventional indicators of success. An autistic learner may communicate a solution with a visual sequence instead of an oral explanation or collaborate by passing a written debugging plan rather than speaking continuously. Assessment should judge the algorithmic reasoning expressed, not reward one communication style unnecessarily. Collaborative robotics may offer occasions for shared inquiry, but social reciprocity should be evaluated only when it is an agreed objective. This distinction respects autonomy while improving the scientific interpretation of outcomes (Guldberg et al., 2026; Yuen et al., 2014).
9. Integrated Critical Interpretation
The evidence can be integrated around a conditional rather than a universal proposition. Educational robots may help autistic elementary learners encounter computational problems through visible execution and iterative revision, particularly when instruction is explicit and the task is accessible. Direct studies show that trained coding behaviours can be acquired by individual pupils and that enrichment participation is feasible. They do not yet show that a robot itself produces independent, transferable CT or broad problem-solving benefits. General-population research supports the teachability of CT through robotics under some conditions, but equally documents circumstances where a screen-based alternative is more effective or a short robotic curriculum makes no detectable difference. The justified conclusion is one of plausible educational potential constrained by a weak, outcome-specific direct evidence base (Ching & Hsu, 2024; Fehrmann, 2026; Hutchison & Barnard-Brak, 2025; Knight, Wright, & DeFreese, 2019; Sigayret et al., 2025).
Several apparent inconsistencies become more intelligible once the learner, intervention and assessment are separated. Success in a structured single-case teaching package can be real even when no group-level population effect is known. Strong engagement in an after-school programme can be educationally important even when no CT score is provided. Favourable science achievement in a multi-technology classroom can coexist with uncertainty over which component helped. Positive meta-analytic averages for broader STEM or programming achievement can be compatible with a null pooled effect for CT or a negative contrast in one well-defined group of novice pupils. These are not competing verdicts on a single treatment. They describe different causal questions and levels of inferential distance (Da et al., 2025; Kotsari et al., 2026; Ouyang & Xu, 2024; Zhang et al., 2021).
A useful interpretive model therefore has three interacting conditions. The first is instructional fit: a task has to target a clearly articulated CT process at a level that the learner can approach. The second is access and regulation: the sensory environment, coding interface, communication channels and social arrangement must allow sustained, voluntary participation. The third is assessment separation: learning must be judged with measures capable of distinguishing guided task completion from independent CT and transfer. Robotics may contribute through tangible feedback or interest, while also imposing technical demands that reduce learning efficiency. None of the three conditions guarantees improvement; together they provide a coherent explanation for why benefits may vary (Angeli & Valanides, 2020; Barnard-Brak et al., 2025; El-Hamamsy et al., 2022; Sigayret et al., 2025).
This model changes how success ought to be described. An intervention that teaches independent sequencing and maintains participation is a success for those stated objectives, even if it does not alter a broad intelligence measure. An intervention that demonstrates a social interaction change should report that outcome, without relabelling it as algorithmic reasoning. An intervention with no advantage over accessible screen-based instruction may still offer choice or enjoyment but should not claim a cognitive superiority unsupported by the comparison. Such precision is not an attempt to minimise the achievements of autistic pupils or their teachers. It establishes a credible basis for extending access to high-quality computing education without presenting technological enthusiasm as measured effectiveness.
Generalisability remains the main unresolved boundary. Few direct investigations have followed independently assessed algorithmic learning into a different device, unfamiliar curriculum problem or ordinary classroom after the research support ends. Even the strongest near-transfer claims within older single-case work cannot settle far transfer for younger pupils. Similarly, the availability of increasingly sophisticated artificial-intelligence-mediated robots does not by itself improve causal identification; added components may create a more responsive learning environment while making it harder to determine what produced a benefit. Progress therefore requires comparative designs in which the intended learning mechanism is visible, the alternative instruction is credible and the child’s circumstances are reported with sufficient detail for responsible interpretation (Kim et al., 2026; Kotsari et al., 2026; Wright et al., 2021).
10. Future Directions
10.1 Establish Replicable Direct Evidence in Primary Settings
The immediate priority is to move beyond isolated demonstrations while preserving the responsiveness necessary for heterogeneous learners. Multi-site studies should recruit autistic primary pupils across a documented range of communication modalities, baseline coding experience, intellectual profiles and school placements. Recruitment procedures must record who was eligible, who declined, what access arrangements were needed and whether some pupils left the intervention because of discomfort. Group comparisons should be sufficiently powered for their stated primary outcome; where this is unrealistic, replicated single-case designs across pupils, classrooms and investigators can test the reliability of defined task-learning effects. The goal is not to establish a single ‘autism effect’, but to understand for whom and under which instructional conditions a robot is useful (Horner et al., 2005; Knight, Wright, & DeFreese, 2019; McGregor et al., 2025).
10.2 Compare Embodiment With Equally Credible Alternatives
Intervention studies should compare programming a physical robot with matched programming in simulation or on screen, while holding core concepts, time, feedback frequency, teacher preparation and available accommodations as constant as practicable. A third tangible-card condition may help identify which parts of the benefit depend on physical manipulation rather than on a robot's motion. Randomisation by pupil or classroom should be chosen with attention to contamination, teacher effects and realistic school organisation. Analyses must recognise the unit of allocation. This design would directly test the observation from general primary classrooms that robots sometimes raise motivation while adding extraneous load, and would determine whether the same trade-off appears for autistic learners (Fehrmann, 2026; Hughes et al., 2026; Sigayret et al., 2025).
10.3 Validate Accessible and Independent CT Measures
A core assessment battery should differentiate trained robot performance, unfamiliar algorithmic tasks and transfer beyond the device. Researchers should pilot instructions with autistic pupils using different communication methods and examine whether alternative response modes preserve the underlying CT demand. Floor and ceiling effects, item comprehension, response time and the influence of motor requirements should be reported. When sample sizes permit, psychometric work should examine whether items operate comparably across relevant participant groups rather than assuming scores are directly exchangeable. Teacher observation of engagement should remain a separate measure. Longitudinal follow-up should assess maintenance without renewed prompting and specify any additional coding experience in the interval (El-Hamamsy et al., 2022; Ocampo et al., 2024; Román-González et al., 2017).
10.4 Identify Mechanisms and Acceptable Adaptations
Mechanism-focused studies should isolate feedback, scaffolding and sensory conditions wherever ethically feasible. Researchers might vary whether a pupil receives an explicit predict–test–debug prompt, a visual code trace or unstructured access to the same robot, while monitoring independence and distress. Another comparison might examine a low-stimulation robot setting against a conventional club setting, while offering each child the right to opt out. Such studies must avoid treating toleration of unpleasant input as a desired outcome. Their scientific contribution would be to determine whether a specific adaptation increases participation, reduces unnecessary task burden or improves a defined CT skill, rather than inferring change from a diagnostic category (Barnard-Brak et al., 2025; Guldberg et al., 2026; Huijnen et al., 2017).
10.5 Assess Educational Value Beyond Short-Term Test Scores
Longer follow-up should ask whether pupils continue to choose computing activities, can use programming ideas in subsequent lessons and gain access to increasingly complex curriculum opportunities. Cost, staff time, technical failure, equipment availability and sustainability need to be recorded alongside outcomes. Integrated science projects may be worthwhile even when a physical robot is not the isolated active ingredient, but studies should state whether the intended benefit is science understanding, CT, engagement or a combination. Evidence about participation and identity in computing should be collected respectfully and without demanding a standard form of social expressiveness. These broader dimensions are necessary for decisions about school adoption but cannot replace well-defined causal learning questions (Hutchison et al., 2025; Kotsari et al., 2026; Shimizutani et al., 2025).
The priorities in this section follow directly from the mismatch between current claims and tested outcomes. Near-term research should establish independently assessed CT learning and fair modality comparisons; subsequent studies should investigate transfer, differential accessibility and sustainability. Without those steps, larger quantities of descriptive programme reports will not resolve whether educational robots confer a distinctive problem-solving benefit.
11. Conclusions
Educational robotics provides a feasible setting in which some autistic elementary-aged pupils can learn specified coding routines and participate in computing experiences that are meaningful to them. The direct evidence supports carefully bounded claims about trained performance, programme acceptability and particular integrated curricular outcomes. It is not yet sufficient to conclude that physical robots, independently of the teaching arrangements surrounding them, reliably improve general computational thinking or broad problem-solving among autistic primary pupils.
Evidence from older autistic learners and general primary classrooms supports the plausibility of explicit algorithm instruction, but does not remove this evidentiary gap. In the wider primary literature, positive results coexist with null findings and comparisons favouring screen-only programming. The apparent tension is largely explained by differences in instructional objectives, learner preparation, task demands, control conditions and measurements. Socially assistive robot research contributes insight into access and interaction, yet its therapeutic and social outcomes should not be interpreted as coding effects.
The most defensible educational principle is to select the learning objective first, make the activity accessible and then determine whether a robot adds value beyond a credible alternative. Progress in the field requires independent measurement of sequencing, debugging and transfer; transparent documentation of prompting and adaptations; meaningful participation by autistic pupils in design; and longer-term evidence from ordinary schools. Under those conditions, robotics can be evaluated as one educational option among several, rather than presumed to be either a universal remedy or an unnecessary novelty.
12. Limitations
As a critical narrative review, this article is vulnerable to selection and interpretive bias despite transparent search concepts, eligibility boundaries and appraisal criteria. It does not claim an exhaustive systematic search or provide a quantitative synthesis of all eligible records. Access to some full-text studies and subscription-only indexing resources was limited, and the English-language focus may underrepresent educational innovations reported in other languages or regional outlets. The fast-changing publication landscape also means that work appearing after the defined search end date is outside the evidence base.
The direct literature is exceptionally heterogeneous in participant profiles, developmental stages, programming platforms, teacher support and assessment methods. Linked publications from individual programmes limit the degree of independent confirmation, while the small samples and uneven reporting of follow-up constrain inference. Studies involving older autistic learners, children with intellectual disabilities or unselected primary pupils were deliberately used for contextual comparison, not treated as direct evidence about the target group. No pooled effect estimate or formal risk-of-bias score was calculated; available outcomes were too dissimilar for such figures to be meaningful. These limitations restrict conclusions about causality, effect size, subgroup differences and transfer, while leaving intact the narrower observations regarding teachable coding routines and the practical possibility of inclusive participation.
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