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Abstract 
This article proposes the Co-Teaching and STEAM Alignment Framework (CTSAF), a design 

framework that aligns established co-teaching models with the transdisciplinary, inquiry-driven, and 

creative character of STEAM education. The study follows a theoretical design using an integrative 

synthesis consistent with a hybrid model of concept development to consolidate foundations from 

constructivist and sociocultural traditions and extend them with insights from distributed cognition. 

CTSAF specifies when and why particular configurations add pedagogical value in mixed-attainment 

classrooms and how teachers can orchestrate them across an inquiry cycle. Its architecture comprises 

four components: principled definitions of quality in STEAM education (inclusivity, collaboration, 

innovation, and inquiry), a structural layer for roles, task and space-time organisation and formative 

assessment, a repertoire of conditionally selected adaptations of co-teaching models, and a lightweight 

evidence strategy with observable indicators of participation equity, collaborative reasoning, creative 

iteration, and inquiry progress. Enactment is organised as a concise cycle of planning, orchestration, 

facilitation, reflection, and iteration that keeps workload tractable while supporting disciplined 

improvement. Within a sociotechnical view of classrooms, Artificial Intelligence is positioned as an 

educative medium that broadens access, representation, and formative feedback under teacher oversight 

and transparent quality criteria. The framework provides a practical grammar for curriculum design, 

classroom practice, and professional learning; it clarifies boundary conditions such as time constraints 

and resource variability; and it establishes an agenda for empirical studies on implementation fidelity 

and learner outcomes in STEAM education. 
 

Keywords: STEAM education, co-teaching, CTSAF, design framework, artificial intelligence 

 

1. Introduction 

Co-teaching has emerged as a collaborative instructional approach that brings together two 

or more educators to share responsibility for planning, delivering, and assessing learning in 

the same classroom environment [1]. This model has gained increasing attention in recent 

decades as educational systems strive to address the diverse learning needs of students in 

inclusive and heterogeneous settings [2]. Its central premise lies in leveraging the 

complementary expertise of different teachers, often from varied disciplinary backgrounds, 

to enhance instructional quality, promote differentiated learning opportunities, and create a 

richer, more responsive classroom environment [3]. 

The rationale for implementing co-teaching is grounded in both pedagogical theory and 

practical necessity [4]. From a pedagogical standpoint, the presence of multiple educators 

facilitates the adaptation of teaching methods to accommodate different learning styles, 

cognitive abilities, and socio-emotional needs [5]. Theoretically, this approach draws from 

constructivist perspectives, such as those of Piaget, who emphasised active learner 

engagement in knowledge construction [6], and Vygotsky, who highlighted the social and 

cultural dimensions of learning and the importance of guided participation within the Zone 

of Proximal Development [7]. Co-teaching environments are particularly conducive to 

scaffolding, peer learning, and the integration of multimodal resources, all of which support 

deeper conceptual understanding [8]. 

From a practical perspective, co-teaching responds to the growing complexity of educational 

demands, including the need for inclusive practices, personalised learning, and the 

integration of 21st-century skills such as collaboration, critical thinking, and creativity [9]. In  
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diverse classrooms, especially those implementing 

interdisciplinary frameworks such as STEAM (Science, 

Technology, Engineering, Arts, and Mathematics), co-

teaching offers a strategic means of combining content 

expertise with pedagogical innovation [10]. By integrating 

subject-specific knowledge with active, inquiry-based 

methodologies, co-teaching enables more authentic, 

problem-oriented learning experiences that mirror real-

world challenges [11]. 

Furthermore, co-teaching is increasingly viewed as a vehicle 

for professional growth. Collaboration between educators 

encourages reflective practice, mutual feedback, and the 

sharing of instructional strategies [12]. Within the STEAM 

context, where projects often require simultaneous attention 

to scientific accuracy, creative design, and technological 

application, the presence of multiple educators enhances 

both instructional coherence and learner support [13]. 

Building on these perspectives, the present study seeks to 

establish a coherent theoretical framework for 

understanding and applying co-teaching within STEAM 

education. Although co-teaching’s effectiveness is well 

established in inclusive and special education, the interplay 

between distinct co-teaching models and different 

pedagogical approaches has not been systematically 

investigated within STEAM education [14]. Given that 

STEAM education requires the deliberate integration of 

scientific, technological, engineering, artistic, and 

mathematical modes of inquiry, it is critical to examine how 

established pedagogical theories can inform collaborative 

teaching models that align with its philosophy. 

The purpose of this research is therefore to construct a 

theoretical framework for co-teaching in STEAM education, 

grounded in the major pedagogical traditions, constructivist, 

sociocultural, and humanistic, that underpin both 

collaborative learning and transdisciplinary integration. By 

synthesizing these perspectives, the study aims to clarify the 

pedagogical logics through which co-teaching can foster 

inclusivity, enhance instructional coherence, and cultivate 

the 21st-century skills central to STEAM philosophy. 

In order to achieve this purpose, the study is guided by three 

research questions: 

1. How do constructivist, sociocultural and distributed 

cognition perspectives inform an evidence-driven 

conceptualization of co-teaching in STEAM, including 

the role of AI as an educative medium? 

2. In what ways can established co-teaching models be 

conditionally adapted and switched across inquiry 

phases to support the transdisciplinary, inquiry-driven 

and creative aims of STEAM? 

3. Which actionable design principles and classroom 

structures, together with lightweight evidence routines, 

align co-teaching with inclusivity, collaboration and 

innovation while keeping workload tractable? 

 

Through addressing these questions, the study seeks to 

contribute both to the theoretical refinement of co-teaching 

as an instructional model and to its practical application in 

STEAM settings, providing a foundation for future 

empirical investigations and professional development 

initiatives. 

 

2. Methodology 

The present study adopts a theoretical research design aimed 

at developing a conceptual framework for the application of 

co-teaching in STEAM education. The methodology is 

grounded in a systematic synthesis of established 

pedagogical theories, documented co-teaching models, and 

the distinctive requirements of transdisciplinary learning. 

This approach reflects the study’s objective of advancing 

theoretical clarity and conceptual integration, thereby laying 

the groundwork for future empirical investigation. Our 

three-stage process aligns with the Hybrid Model of concept 

development [15]: a theoretical phase through an integrative 

review, a field-informed analysis of co-teaching models and 

outcomes, and a final analytical synthesis into a coherent 

framework. 

The methodological process unfolded in three interrelated 

stages. First, the study engaged in a critical review of 

foundational pedagogical theories, including constructivist, 

sociocultural, and humanistic perspectives. These traditions 

were selected for their enduring influence on collaborative 

and learner-centered approaches to education, as well as for 

their relevance to the transdisciplinary and inquiry-driven 

ethos of STEAM [16]. This theoretical grounding provided 

the lens through which the potential and limitations of co-

teaching practices could be interpreted. 

Second, established co-teaching models, such as One Teach, 

One Assist, Parallel Teaching, Team Teaching, Station 

Teaching, Alternative Teaching, and Supplemental 

Teaching, were analyzed in terms of their structural 

features, pedagogical rationales, and documented outcomes. 

The analysis was comparative in nature, examining both the 

general education literature, where these models have 

primarily been applied, and the specific adaptations required 

within STEAM contexts. Attention was given to how these 

models might be reconfigured to support transdisciplinary 

integration, differentiated learning, and the cultivation of 

21st-century competencies. 

Third, the findings from the theoretical review and the 

comparative analysis of co-teaching models were 

synthesized into a coherent framework. This synthesis 

sought to identify the pedagogical logics that align co-

teaching with STEAM philosophy, with particular emphasis 

on inclusivity, creativity, collaboration, and authentic 

problem-solving. The framework thus represents a 

conceptual model that positions co-teaching not merely as a 

method of instructional support but as a strategic 

mechanism for fostering transdisciplinary integration and 

innovation. 

 

3. Theoretical Foundations 

3.1 Jean Piaget’s Theory of Cognitive Development 

Jean Piaget’s theory of cognitive development is a 

foundational framework in developmental psychology that 

has significantly influenced educational practice, including 

approaches to co-teaching [17]. Piaget proposed that children 

actively construct their understanding of the world through 

interaction with their environment, and that this cognitive 

development occurs in a series of qualitatively distinct 

stages. These stages, sensorimotor (0-2 years), 

preoperational (2-7 years), concrete operational (7-11 

years), and formal operational (11 years and above), each 

represent shifts in the way children think, reason, and solve 

problems [18]. 

In the sensorimotor stage, learning occurs through sensory 

experiences and physical actions. Children develop object 

permanence, recognizing that objects continue to exist even 

when not directly perceived [19]. The preoperational stage is 
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characterized by symbolic thought, language development, 

and imaginative play, yet thinking remains egocentric and 

intuitive rather than logical [20]. The concrete operational 

stage marks the emergence of logical reasoning applied to 

tangible, concrete situations, enabling understanding of 

concepts such as conservation, reversibility, and 

classification [21]. Finally, in the formal operational stage, 

learners acquire the ability to engage in abstract, 

hypothetical, and systematic reasoning, allowing for 

advanced problem-solving and moral reasoning [22]. 

Central to Piaget’s framework are the processes of 

assimilation and accommodation, which together enable 

adaptation. Assimilation involves integrating new 

experiences into existing cognitive schemas, whereas 

accommodation requires modifying those schemas to 

incorporate new information [23]. Cognitive growth occurs 

through a dynamic equilibrium between these two 

processes, a principle that resonates strongly with the 

adaptive and responsive nature of co-teaching [24]. 

 

3.2 Lev Vygotsky’s Sociocultural Theory 

Lev Vygotsky’s sociocultural theory positions social 

interaction, cultural tools, and language at the centre of 

cognitive development [25]. Contrary to Piaget’s emphasis on 

individual exploration, Vygotsky argued that learning is 

inherently a socially mediated process, shaped by the 

cultural context in which it occurs [26]. His most influential 

concept, the Zone of Proximal Development (ZPD), is 

defined as the gap between what a learner can accomplish 

independently and what they can achieve with the guidance 

of a more knowledgeable other, such as a teacher or peer 
[27]. 

A key pedagogical application of the ZPD is scaffolding, the 

temporary support provided to help learners accomplish 

tasks they could not complete alone [28]. As competence 

increases, this support is gradually withdrawn, promoting 

autonomy and mastery [29]. Vygotsky also highlighted the 

role of language as both a cultural tool and a cognitive 

instrument [30]. External dialogue, whether with a teacher or 

peer, facilitates problem-solving, while inner speech, the 

internalization of that dialogue, supports self-regulation and 

complex reasoning [31]. 

 

3.3 Jerome Bruner’s Constructivism 

Jerome Bruner’s constructivist theory reframed learning as 

an active process in which learners build new knowledge by 

connecting it to their prior experiences, engaging in 

exploration, and reflecting on their understanding [32]. 

Rejecting the notion of passive knowledge transmission, 

Bruner argued that the role of the educator is to create 

conditions in which students can make discoveries for 

themselves, a principle known as discovery learning [33]. In 

this approach, the teacher acts as a facilitator, guiding 

inquiry, posing challenging questions, and providing 

resources, rather than delivering fully pre-structured 

information [34]. 

A central element of Bruner’s theory is the spiral 

curriculum, in which key concepts are revisited at increasing 

levels of complexity over time [35]. This progression enables 

learners to deepen their understanding, integrate new 

perspectives, and apply their knowledge in more 

sophisticated ways [36]. Bruner also identified three modes of 

representation, enactive (learning through action), iconic 

(learning through images), and symbolic (learning through 

language and abstract symbols), arguing that effective 

instruction should incorporate and connect these modes to 

accommodate different learning preferences and 

developmental stages [37]. 

 

3.4 Steam Education 

STEAM education denotes the deliberate integration of 

Science, Technology, Engineering, Arts and Mathematics 

within a unified, transdisciplinary pedagogy [38]. The Arts 

are not additive embellishments but constitutive components 

that extend representational repertoires, enable imaginative 

reasoning, and connect conceptual understanding with 

design, aesthetic judgement and communication [39]. Framed 

in this way, STEAM education treats interdisciplinary 

problems as complex systems that call for multiple modes of 

inquiry and expression rather than segmented subject 

coverage [40]. 

In operational terms, STEAM education privileges inquiry 

and collaborative project work around authentic challenges 
[41]. Learning designs typically mobilize digital fabrication, 

coding, and automation together with AI-mediated tools for 

data analysis, generative ideation, and adaptive feedback, 

alongside artistic composition and critique, aiming for 

technical functionality that is coherent with concept and 

form [42]. Effective orchestration makes roles, tools and 

criteria explicit, fosters student agency and builds classroom 

routines that sustain visible reasoning across the 

participating disciplines [43]. Within mixed-ability contexts, 

STEAM education advances differentiation and inclusion as 

complementary aims [44]. Intercultural design strengthens 

these outcomes by embedding local knowledge, linguistic 

resources and cultural perspectives within STEAM tasks [45]. 

Assessment in STEAM education should mirror its 

pedagogy [46]. Beyond correctness and topic coverage, 

evaluation attends to process quality, collaboration, creative 

risk taking and the alignment of concept, function and form 
[47]. In practice, this entails combining performance tasks 

and analytic rubrics with reflective artefacts that make 

reasoning visible at individual and group levels [48]. 

Coherent, adaptable assessment frameworks recognize 

learner achievements while also capturing features of the 

designed learning environment that enable equitable 

participation and sustained transdisciplinary problem 

solving [49]. 

 

4. Forms of Co-Teaching 

4.1 One Teach, One Assist 

The One Teach, One Assist model is one of the most widely 

implemented forms of co-teaching, characterized by a 

division of roles in which one educator assumes primary 

responsibility for delivering the lesson to the entire class, 

while the second educator provides targeted support to 

individual students or small groups as needed [50]. This 

support may include clarifying instructions, offering 

additional explanations, managing classroom materials, or 

monitoring student engagement without interrupting the 

overall flow of instruction [51]. 

A key strength of this model is its capacity to provide 

immediate, individualized assistance without disrupting 

whole-class teaching [52]. The theoretical underpinnings of 

this model can be traced to Vygotsky’s sociocultural theory 

and the concept of the Zone of Proximal Development, 

which emphasizes the value of guided support or scaffolding 

provided by a more knowledgeable other [53]. The assisting 

https://www.computersciencejournals.com/ijcai


International Journal of Computing and Artificial Intelligence https://www.computersciencejournals.com/ijcai 

~ 296 ~ 

teacher, by engaging with students at their specific point of 

need, helps bridge the gap between their current abilities 

and their learning goals [54]. Piaget’s constructivist 

perspective further supports this model by highlighting the 

importance of active engagement with content, where the 

assisting teacher can prompt learners to connect new 

information with existing cognitive structures [55]. 

However, this model also has potential limitations. Over 

time, there is a risk that the assisting teacher’s role may 

become passive, reducing opportunities for shared 

instructional leadership [56]. This can be mitigated through 

intentional planning that rotates roles between educators and 

ensures that both contribute meaningfully to lesson design 

and delivery [57]. Another challenge lies in maintaining 

student perception of equal authority between teachers, if 

students see one as the “main” teacher and the other as 

merely a helper, the collaborative dynamic can be 

undermined [58]. 

 

4.2 Parallel Teaching 

The Parallel Teaching model involves dividing a class into 

two relatively equal groups, with each educator delivering 

the same or closely aligned content simultaneously to their 

respective group [59]. Unlike the One Teach, One Assist 

model, both educators assume the role of lead instructor, 

allowing for more active engagement between teacher and 

students and reducing the student-teacher ratio [60]. This 

smaller group size creates opportunities for increased 

participation, more personalized feedback, and more 

effective monitoring of student understanding [61]. 

One of the primary advantages of Parallel Teaching lies in 

its capacity to foster a more interactive learning 

environment [62]. By halving the class size, educators can 

more easily adapt instruction to student needs, address 

misconceptions in real time, and facilitate richer discussion 
[63]. In heterogeneous classrooms, this model allows teachers 

to tailor examples, language, and pacing to specific student 

groups without compromising the integrity of the lesson [64]. 

From a Piagetian perspective, this supports the progression 

from concrete operational to formal operational thinking by 

providing learners with more scaffolded opportunities to test 

and refine their reasoning [65]. 

From the standpoint of Vygotsky’s sociocultural theory, 

Parallel Teaching enhances the conditions for scaffolding 

by enabling each teacher to work more closely with students 

within their Zone of Proximal Development [66]. 

Additionally, Bruner’s constructivist principles, particularly 

discovery learning, are more readily implemented in smaller 

groups where students have greater opportunities to ask 

questions, manipulate materials, and engage in hands-on 

inquiry [67]. 

However, Parallel Teaching demands a high degree of 

coordination between educators to ensure instructional 

consistency and to prevent divergence in content delivery 
[68]. Lesson planning must be synchronized in terms of 

objectives, materials, and assessment strategies, which can 

be time-consuming [69]. Furthermore, the need for two 

suitable learning spaces, whether physical or virtual, can 

pose logistical constraints in some educational settings [70]. 

 

4.3 Team Teaching 

Team Teaching is a collaborative co-teaching model in 

which two educators share equal responsibility for planning, 

delivering, and assessing instruction within the same 

classroom and at the same time [71]. It involves both 

educators engaging with the whole class simultaneously, 

often interacting dynamically with each other and the 

students [72]. This approach enables the seamless integration 

of diverse teaching styles, content expertise, and 

pedagogical strategies, resulting in a richer, more interactive 

learning environment [73]. Educators may alternate leading 

segments of the lesson, interject to add examples or 

clarifications, model debates or problem-solving dialogues, 

or co-facilitate discussions [74]. This “two voices in the 

classroom” dynamic can maintain high levels of student 

engagement by varying instructional delivery and 

demonstrating collaborative thinking in action [75]. 

From a pedagogical standpoint, this model aligns closely 

with Vygotsky’s view of learning as a socially mediated 

process, where interaction with more knowledgeable others 

enhances cognitive development [76]. Piaget’s constructivist 

framework also supports Team Teaching, as the model 

provides students with multiple pathways to assimilate and 

accommodate new information [77]. Bruner’s notion of spiral 

curriculum further resonates here, as both educators can 

revisit key concepts from different disciplinary perspectives, 

each building on the other’s contributions [78]. 

Despite its strengths, Team Teaching requires exceptional 

communication and trust between educators, as well as 

significant co-planning time to align instructional goals, 

strategies, and assessment methods [79]. Without this 

coordination, there is a risk of redundancy, conflicting 

messages, or imbalanced participation, which may 

undermine the intended collaborative dynamic [80]. 

Additionally, teachers must consciously project equal 

authority and mutual respect to avoid hierarchical 

perceptions among students [81]. 

 

4.4 Station Teaching 

Station Teaching is a co-teaching model in which the 

classroom is organized into multiple learning stations, with 

students rotating between them in small groups [82]. Each 

station focuses on a specific aspect of the lesson or project, 

and at least one station is typically facilitated by an 

educator, while others may be teacher-led, student-led, or 

designed for independent work [83]. This structure allows 

educators to deliver targeted instruction, differentiate 

activities according to learner needs, and sustain high levels 

of student engagement by varying tasks and modalities [84]. 

By working in small groups, students receive more 

individualized attention, engage more deeply with content, 

and develop collaborative skills [85]. The station format also 

enables educators to address diverse learning styles [86]. 

From a Piagetian perspective, this model supports the 

progression of cognitive development by providing 

concrete, varied experiences that promote the assimilation 

and accommodation of new knowledge [87]. Theoretically, 

Station Teaching also draws on Vygotsky’s sociocultural 

theory, particularly the use of scaffolding in the Zone of 

Proximal Development [88]. With students working in 

smaller groups, each educator can provide more tailored 

support, guiding learners through challenges and gradually 

releasing responsibility as competence increases [89]. 

Bruner’s constructivist emphasis on discovery learning is 

also evident in this model, as stations often allow students to 

explore concepts through inquiry, experimentation, and 

problem-solving [90]. 
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Nevertheless, Station Teaching requires careful planning to 
ensure that all stations are aligned with the lesson’s learning 
objectives, that resources are adequately prepared, and that 
the time allocated for each rotation is sufficient [91]. 
Classroom management can be complex, as movement 
between stations must be well-coordinated to minimize 
disruptions [92]. Furthermore, the physical layout of the 
classroom and availability of materials can limit the scope 
of activities [93]. 
 
4.5 Alternative Teaching 
Alternative Teaching is a co-teaching model in which one 
educator works with the majority of the class while the other 
provides targeted instruction to a smaller group of students 
[94]. This smaller group may require additional support to 
grasp core concepts, need enrichment activities to extend 
their learning, or benefit from a different instructional 
approach [95]. By allowing one teacher to focus on the 
specific needs of a subset of students, Alternative Teaching 
offers a highly flexible means of differentiation and 
personalized learning [96]. In inclusive classrooms, the 
smaller group may consist of learners with special 
educational needs, advanced students seeking further 
challenge, or those needing targeted intervention in a 
particular skill area [97]. The smaller group setting can create 
a supportive environment for risk-taking and 
experimentation, fostering confidence and engagement [98]. 
From a Vygotskian perspective, this aligns with the 
principle of scaffolding within the Zone of Proximal 
Development, as the educator can guide learners through 
tailored tasks that bridge the gap between their current 
capabilities and the desired learning outcomes [99]. From 
Piaget’s constructivist standpoint, Alternative Teaching 
supports the active construction of knowledge by enabling 
the teacher in the smaller group to present content in ways 
that directly connect to learners’ cognitive stage and prior 
experiences [100]. Bruner’s notion of discovery learning is 
also facilitated, as the smaller group format allows for more 
open-ended exploration, discussion, and problem-solving 
[101]. 
Despite its advantages, if the same learners are consistently 
placed in the smaller group, it may impact their self-esteem 
or reinforce fixed ability groupings [102]. To mitigate this, the 
composition of the small group should be flexible and 
dynamic, changing based on instructional goals, project 
phases, or specific skills being addressed [103]. Furthermore, 
the teacher working with the larger group must ensure that 
learning remains engaging and challenging, even without

the additional educator present [104]. 
 
4.6 Supplemental Teaching 
Supplemental Teaching is a co-teaching model in which one 
educator delivers the core lesson to the entire class while the 
other provides additional or differentiated instruction to 
selected students, either during or immediately after the 
primary teaching segment [105]. This supplemental 
instruction can serve various purposes: reinforcing essential 
concepts for students who require more practice, offering 
alternative explanations for those struggling with the initial 
delivery, or extending learning for students who are ready 
for advanced challenges [106]. A central strength of this 
model lies in its ability to maintain the momentum of 
whole-class instruction while simultaneously addressing 
individual or small-group needs [107]. The supplemental 
component can be integrated flexibly, occurring in parallel 
to the main lesson, in a breakout group during independent 
work, or in follow-up sessions [108]. By targeting instruction 
to students’ immediate learning needs, this model supports 
the principles of differentiated learning and aligns with 
inclusive education frameworks that prioritize equitable 
access to the curriculum [109]. 
Theoretically, Supplemental Teaching is grounded in 
Vygotsky’s concept of the Zone of Proximal Development 
[110]. The supplemental educator acts as a more 
knowledgeable other, providing scaffolding that helps 
learners bridge the gap between what they can accomplish 
independently and what they can achieve with guidance [111]. 
Piaget’s constructivist theory also underpins this approach, 
as the supplemental teacher can adapt content to the 
learner’s developmental stage, ensuring that new 
information is assimilated effectively into existing cognitive 
structures [112]. Bruner’s spiral curriculum model is equally 
relevant, as supplemental teaching allows for revisiting key 
concepts with increasing depth and complexity according to 
each learner’s readiness [113]. 
However, scheduling and space constraints can make it 
difficult to deliver supplemental instruction without 
disrupting the main lesson [114]. There is also a risk that 
supplemental groups may inadvertently be perceived as 
remedial or elite, depending on their composition [115]. To 
avoid such perceptions, group membership should remain 
flexible and based on specific learning objectives rather than 
fixed ability levels [116]. Both educators must coordinate 
closely to ensure alignment between the main and 
supplemental instruction, maintaining coherence and 
progression in learning [117]. 

 
Table 1: Theoretical alignment of co-teaching models 

 

Co-teaching model Theory of Cognitive Development Sociocultural Theory Constructivism 

One Teach, One 
Assist 

Prompts assimilation and accommodation 
during active engagement; connects new 

ideas to existing schemas 

Assisting teacher provides contingent 
scaffolding within learners’ ZPD as a 

more knowledgeable other 

Think-alouds and stepwise scaffolds make 
strategies and representations explicit for 

gradual independence 

Parallel Teaching 
Smaller groups support cognitive conflict 
and progression toward formal operations 

through targeted tasks 

Close mediation enables tailored support 
and dialogic interaction within each 

group’s ZPD 

Discovery learning is easier to orchestrate; 
varied representations and hypothesis 

testing in parallel streams 

Team Teaching 
Multiple perspectives create productive 

cognitive conflict that stabilizes new 
schemes 

Joint mediation and co-regulation model 
collaborative sense-making for the whole 

class 

Spiral revisiting of ideas by two voices; live 
modelling of disciplinary dialogue and 

reasoning 

Station Teaching 
Hands-on, concrete experiences at 

stations build toward abstraction and 
generalization 

Tailored scaffolds at each station, 
including peer mediation, widen access 

within the ZPD 

Discovery across stations; progression from 
enactive and iconic to symbolic 

representations 

Alternative 
Teaching 

Developmentally tuned consolidation or 
extension for a small group matches 

learners’ readiness 

Intensive, targeted scaffolding bridges 
specific gaps between current and desired 

performance 

Focused discovery with calibrated support; 
preparation for independent transfer 

Supplemental 

Teaching 

Stage-appropriate reinforcement or 

enrichment supports stable assimilation 

of new content 

Short, focused support episodes function 

as proximal scaffolds that fade with 

competence 

Spiral revisits of core ideas with increasing 

complexity and alternative exemplars 
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5. The Co-Teaching and STEAM Alignment Framework 

(CTSAF) 

5.1 Purpose, scope, and contribution of the CTSAF 

The Co-Teaching and STEAM Alignment Framework 

(CTSAF) aligns established co-teaching models with the 

transdisciplinary, inquiry-driven, and creative character of 

STEAM education. Its purpose is threefold. First, it provides 

a grammar for selecting and blending co-teaching 

configurations so that inclusivity, collaboration, innovation, 

and inquiry progress are advanced deliberately rather than 

incidentally. Second, it translates theory into practical 

design decisions about roles, task architecture, assessment, 

time, and space, enabling mixed-attainment classrooms to 

sustain equitable participation and disciplined exploration. 

Third, it proposes a lightweight evidence strategy that 

makes key principles observable in everyday practice and 

supports iterative improvement. The framework addresses 

the study’s research questions by specifying when and why 

particular configurations add pedagogical value, how 

teachers can orchestrate them over an inquiry cycle, and 

which indicators render improvement tractable. Its scope 

includes mainstream and special education settings that 

pursue STEAM education with basic access to maker or 

digital tools, including AI-enhanced tools, and with the 

intention to widen participation without reducing conceptual 

ambition. The framework does not prescribe a single correct 

model. It offers a structured set of design choices and a 

rationale for conditional selection that teachers and 

researchers can appropriate, refine, and test across contexts. 

CTSAF’s distinctive contribution to co-teaching is to 

convert familiar models into an evidence-driven switching 

system with explicit dual-teacher roles. Each model is tied 

to observable indicators of participation and progress so that 

a change of configuration is justified by data rather than 

preference. Brief equity scans, role scripts, and a small 

library of contingency moves reduce coordination costs and 

make in-lesson pivots feasible without disrupting inquiry. 

Co-teaching-sensitive metrics such as distribution of talk, 

latency of help, and group progress attribute improvement to 

the quality of teacher coordination rather than to task 

difficulty alone. In this sense, CTSAF functions as a co-

teaching engine that orchestrates roles and models around 

the dynamics of inquiry. 

 

 
 

Fig 1: CTSAF as the convergence of four components

 

5.2 CTSAF: Components and Design Cycle 

The CTSAF comprises four interlocking components that 

organize planning and enactment while avoiding 

unnecessary workload. The first component is a set of 

STEAM design principles that define quality as inclusive 

access and expression, dialogic and interdependent 
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collaboration, tolerance for uncertainty with iterative 

prototyping and student agency, and inquiry as a cyclic 

movement of questioning, investigation, modelling, testing, 

and communication. The second component is a structural 

layer that translates principles into classroom architecture 

through coordinated role configurations, appropriate grain 

size of tasks and products, planned movement between 

stations and whole-class studios, and formative routines that 

externalize reasoning and strategy use. The third component 

is a deliberately small repertoire of adapted co-teaching 

models whose selection is conditional on moment-to-

moment inquiry demands and on observed participation 

patterns. The fourth component is a minimal evidence 

strategy with observable indicators that renders the 

principles visible and improvable in ordinary lessons. 

 
Table 2: CTSAF components at a glance 

 

Component One-line purpose Typical choices 

STEAM Design Principles Define quality and inquiry norms Select 2-3 focal principles; co-authored success criteria 

Classroom Structural Layer Convert principles into lesson architecture 
Roles, task grain, stations vs whole-class studio, formative 

routines 

Adapted Co-teaching 

Repertoire 
Blend models conditionally Station, Parallel, Team, Alternative, One-Assist, Supplemental 

Minimal Evidence Strategy 
Make principles observable with light 

workload 
2-3 indicators per lesson; brief artifacts for feedback 

 

Enactment follows a concise design cycle. In planning, 

teachers prioritize a small subset of principles aligned to the 

current inquiry phase, co-author success criteria with 

students, and select an initial mix of co-teaching models that 

fits the task architecture. In orchestration, they script roles, 

timing, transitions, and contingency moves for fast finishers 

and common misconceptions. In facilitation, they model 

disciplinary thinking aloud, deploy targeted scaffolds, and 

maintain participation equity through simple routines. In 

reflection, students and teachers appraise processes and 

products against the stated principles using classroom 

evidence. In iteration, the team revises roles, tasks, and 

model choices and records design rationales to build shared 

professional memory. Artificial Intelligence (AI) functions 

as an educative medium that mediates access, feedback, and 

representation under teacher oversight, while co-teaching 

preserves the human judgment required for ethical use and 

for calibrating scaffolds. 

 

5.3 Theoretical Foundations and Rationale 

The CTSAF is grounded in constructivist and sociocultural 

traditions and treats co-teaching as a deliberate mechanism 

for designing participation and scaffolding in STEAM 

education. Constructivist perspectives construe learning as 

active construction through inquiry, iterative problem 

solving, and metacognitive regulation. These warrants 

structured exploration, cumulative task complexity, and 

opportunities for agency in which learners test, refine, and 

justify ideas with evidence. Sociocultural theory 

complements this view by positioning learning as mediated 

participation in communities of practice, with attention to 

cultural tools, discourse moves, and the zone of proximal 

development. These commitments imply that scaffolds 

should be available when needed and gradually withdrawn, 

and that teacher roles must be coordinated to sustain joint 

attention to artefacts while enabling progressive 

independence. 

To explain how two teachers can extend learners’ reach, the 

framework draws on distributed cognition. Expertise is 

treated as distributed across people, tools, and 

representations, which legitimizes co-present modelling of 

disciplinary thinking, the externalization of strategies, and 

the intentional use of heterogeneous tools to widen entry 

points. Within this sociotechnical view, AI operates as an 

educative medium. It provides configurable cognitive tools 

that can generate alternative representations, prompt 

explanation, support formative feedback, and personalize 

practice under pedagogical constraints. AI is integrated as a 

mediational means whose value depends on principled 

human orchestration and transparent criteria for quality, not 

as a driver of instruction. 

Taken together, these foundations recast co-teaching from a 

staffing arrangement into a design grammar for equitable 

participation in STEAM education. Two teachers can 

distribute expertise, surface and normalize diverse solution 

paths, and maintain a classroom ecology in which learners 

gain access to inquiry, representation, critique, and creative 

risk-taking. The rationale is that aligning co-teaching 

configurations with inquiry phases and principled 

assessment routines increases the likelihood that mixed-

attainment groups will engage productively with complex 

problems without narrowing the intellectual horizon of the 

lesson. 

 

5.4 Architecture, Principles, Structures, and Model 

Adaptations 

The framework links a small set of principles to concrete 

structures and to conditional adaptations of co-teaching 

models. The principles specify what counts as quality in 

STEAM education. The structures translate these principles 

into classroom organization. The model adaptations 

operationalize moment-to-moment orchestration across an 

inquiry cycle. AI is embedded in this architecture under 

teacher oversight so that access, representation, and 

feedback are broadened without displacing pedagogical 

intent or equity safeguards. 

The principles are inclusivity, collaboration, innovation, and 

inquiry. Inclusivity entails multiple means of access, 

expression, and engagement with systematic differentiation, 

low thresholds and high ceilings, and accessible materials 

and tools. Collaboration is defined as interdependence with 

shared authority, dialogic sense-making, and transparent co-

regulation of work. Innovation involves open problem 

framing, iterative prototyping, tolerance for uncertainty, and 

legitimized student choice with accountability to constraints. 

Inquiry is a disciplined cycle of questioning, investigation, 

modelling, testing, and communication with explicit 

prompts that externalize reasoning and strategy use. 

Transparency and sustainability accompany these principles 

through co-authored success criteria, visible rubrics, public 
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artefacts, and repeatable routines that are realistic in 

ordinary classrooms. 

The structural layer turns principles into architecture. Role 

configurations specify who leads, who coaches, and who 

documents at each phase, and include rotation protocols that 

prevent status hierarchies. Task architecture defines the 

grain size of activities, expected products, and the ecology 

of tools across stations, workshops, and whole-class studios, 

with explicit alignment between tasks and representational 

forms. Assessment is primarily formative and embedded 

through brief checks for understanding, structured peer 

critique, and performances of understanding that align with 

the principles. AI can support these routines by generating 

alternative representations, producing low-stakes practice 

items, or offering draft feedback that teachers moderate. 

Time and space are planned to support movement between 

stations and convergence points for conceptual 

consolidation, while safety, accessibility, and data ethics act 

as visible constraints on design choices. 

 
Table 3: AI as educative medium with safeguards 

 

Function Typical use case Oversight check 

Access Alternative representations for entry points Accessibility and bias screening; teacher gating 

Feedback Low-stakes hints and formative prompts Transparency of source; human moderation before uptake 

Representation Draft visuals or simulations for modelling Alignment with criteria; correctness spot-checks 

Practice Targeted item generation for consolidation Privacy and data minimization; opt-in settings 

 

Within this architecture, co-teaching models are adapted 

rather than imported wholesale. Station teaching supports 

early inquiry by surfacing prior conceptions and widening 

entry points into a phenomenon. AI-supported prompts at 

stations can diversify representations while teachers 

circulate to calibrate support. Parallel teaching supports 

mid-cycle modelling and testing in smaller discourse 

communities where teachers can refine scaffolds and 

monitor participation equity. Team teaching is used at 

milestones where integration and public justification are 

needed, with one teacher moderating discourse while the 

other curates artefacts and evidence. Alternative teaching 

concentrates responsive intervention and extension for 

groups that require consolidation or stretch, where AI can 

provide structured practice or alternative exemplars and 

teachers safeguard ethics and judgment. One teach, one 

assist is confined to short windows for tool induction or 

safety protocols and is rotated to avoid stable asymmetries. 

Selection remains conditional on the principles prioritized, 

task demands, and participation patterns, so that the 

repertoire stays small enough to permit disciplined iteration. 

 
Table 4: Co-teaching model: quick decision rules 

 

Classroom condition Choose this model Why it adds value 

Talk imbalance or sidelined groups Station Teaching Rotations enable equitable access and coaching 

Persistent misconceptions in a subset Alternative Teaching Short, intensive micro-clinics without stopping the class 

Wide dispersion of progress Parallel Teaching Targeted pacing and differentiated coaching in halves 

Need to synthesise and justify publicly Team Teaching Joint modelling and moderated whole-class critique 

Tool induction or safety protocol One Teach-One Assist Short, focused onboarding with minimal disruption 

 

5.5 Enactment, evaluation, and scope of use 

Enactment follows a short cycle that supports improvement 

without inflating workload. In planning, one teacher 

typically assumes a lead architect role that aligns tasks, 

representations, and the initial model mix, while the partner 

serves as equity and evidence lead who defines indicators 

and documentation routines; these roles rotate to maintain 

symmetry. In orchestration, teachers coordinate timing, 

transitions, and contingency moves, with brief equity scans 

and pre-positioned materials, tools, and prompts, including 

AI-generated scaffolds where appropriate and safe. In 

facilitation, they model disciplinary thinking aloud, deliver 

targeted scaffolds, and maintain participation equity through 

simple routines such as structured turn-taking, randomized 

selection, or accountable talk stems; AI can supply on-the-

spot alternative representations or formative hints that 

teachers gatekeep. In reflection, students and teachers 

appraise processes and products against the stated principles 

using interaction evidence, artefacts, and brief formative 

assessments. In iteration, the team revises roles, tasks, and 

model choices, records design rationales, and updates 

reusable resources to build a shared professional memory. 

 
Table 5: Dual-teacher roles by phase 

 

Phase Lead teacher focus Partner teacher focus 

Planning Task-representation alignment; initial model mix Equity and evidence plan; indicators and documentation 

Orchestration Timing, transitions, whole-class cues Contingency moves; rapid equity scans; materials flow 

Facilitation Think-alouds; whole-group guidance Targeted scaffolds; monitoring participation balance 

Reflection Criteria framing; discussion synthesis Evidence curation; brief rubricing and prompts 

Iteration Design rationale and updates Resource reuse; next-step adjustments 

 

Evaluation targets a compact set of observable indicators 

that make the principles improvable in daily lessons. 

Inclusivity is monitored through participation-equity ratios, 

the distribution of talk moves across subgroups, and the 

variety and accessibility of representational modes in 

student artefacts. Collaboration is traced through interaction 

maps, co-authored logs of key decisions, and rubric-guided 

judgments of collective reasoning and joint accountability. 

Innovation is assessed through product rubrics that attend to 

novelty, elaboration, and constraint satisfaction together 

with process evidence such as the number and quality of 

design iterations and the documented use of feedback. 
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Inquiry progress is documented through short learning 

journals and checkpoint reflections that externalize 

hypothesis formation, model revision, and evidence use. 

Where AI tools contribute data, teachers apply privacy, bias, 

and transparency checks and treat analytics as provisional 

until triangulated with human observations and artefacts. 

These measures remain lightweight, aligned with 

instruction, and compatible with routine documentation. 

 
Table 6: Lightweight evidence aligned to principles 

 

Principle Indicator Evidence artifact 

Inclusivity Participation balance across groups Tally sheet or heatmap of turns 

Collaboration Quality of joint reasoning Short interaction excerpts with talk moves 

Innovation Iteration and constraint satisfaction Versioned prototypes with revision notes 

Inquiry Model revision and evidence use Checkpoint reflections or learning journals 

 

The scope of use includes mainstream and special education 

settings that pursue STEAM education with mixed-

attainment groups and basic access to maker or digital tools. 

Time is treated as a hard constraint, so model choices 

concentrate on phases where they add the greatest value to 

learning, and curriculum alignment is pursued through 

principled selection of products and success criteria rather 

than through reduction of inquiry to procedural compliance. 

The framework presumes ongoing professional learning in 

co-planning, discourse facilitation, and the ethical use of AI, 

and it recognizes boundary conditions such as very large 

class sizes, severe fragmentation of time, or high-stakes 

testing cultures that constrain authentic inquiry. Within 

these constraints, the CTSAF offers a coherent rationale for 

why co-teaching functions as a lever for STEAM education, 

a practical grammar for selecting and blending models 

across inquiry phases, and an evidence strategy that supports 

reflective improvement over successive cycles. 

 
Table 7: Scope and boundary conditions 

 

Constraint Pragmatic adaptation Avoid 

Large classes Limit repertoire to two models per phase Switching across many models in one lesson 

Limited tools Paper-based stations with shared devices Tool-centric tasks that block participation 

Tight time One evidence indicator per lesson Full-scale assessments that inflate workload 

High-stakes culture Products mapped to curriculum criteria Reducing inquiry to procedural compliance 

 

6. Discussion 

The findings of this study, which synthesize established 

pedagogical theories, a range of co-teaching models, and the 

demands of STEAM education, provide an expanded 

perspective on the relationship between instructional design 

and disciplinary context. The international literature on co-

teaching outside STEAM has built a robust evidence base 

on the value of collaborative teaching for differentiation, 

inclusion, and targeted intervention [52, 79]. In mainstream 

and special education settings, co-teaching models such as 

One Teach One Assist, Parallel Teaching, Team Teaching, 

Station Teaching, Alternative Teaching and Supplemental 

Teaching have been documented as effective in addressing 

heterogeneous learning needs and increasing engagement 

within a single-subject framework [84, 93, 105]. 

The present analysis confirms that these functional benefits 

are not lost when the models are transferred into STEAM 

contexts. However, it also shows that their scope, demands 

and intended outcomes are altered in significant ways [46, 48]. 

In a non-STEAM environment, co-teaching may remain 

firmly within the boundaries of a single discipline, with both 

educators drawing on similar content expertise and 

pedagogical repertoires [61, 62]. In STEAM education, the 

collaboration must extend beyond reinforcement of content 

to the intentional merging of epistemologies, methods and 

creative processes from different fields. This shift requires 

educators to negotiate meaning across disciplinary cultures 

and to design tasks that require such negotiation from 

students as well [46, 48]. 

The adaptation of familiar co-teaching strategies to STEAM 

therefore cannot be viewed as a simple matter of applying 

an existing template to a new subject area [79]. For example, 

Alternative Teaching in a language arts classroom might be 

used for remedial literacy instruction, while in a STEAM 

setting the smaller group could require high-level coding 

skills, advanced statistical reasoning, or aesthetic design 

techniques, depending on the project [84, 100]. The 

pedagogical relationship between the two groups is also 

different: in STEAM, the outputs of both groups often need 

to be integrated into a single product or solution, creating 

interdependencies that are not typical in many non-STEAM 

applications of the same model [46, 48]. 

The comparison also reveals differences in the pairing of 

teacher expertise. In much of the non-STEAM literature, co-

teaching pairs frequently consist of two educators from the 

same or closely related specializations, which allows for 

interchangeable roles and parallel reinforcement of content 
[72, 74]. In STEAM, the pairing often involves complementary 

specializations, such as a technologist with a visual artist or 

a scientist with an engineer. This arrangement changes the 

dynamic from shared coverage of the same material to 

deliberate integration of distinct disciplinary contributions 
[46, 48]. The success of the model in this context depends on 

both educators being willing and able to collaborate across 

epistemic boundaries, which introduces a layer of 

complexity rarely addressed in the broader co-teaching 

literature [78, 79]. 

Assessment practices are another area where STEAM-

specific adaptations are necessary. In traditional co-teaching 

research, success is often measured through gains in subject-

specific test scores or standardized assessments [57, 62]. In 

STEAM, however, evaluation must take into account 

additional indicators such as the quality of interdisciplinary 

integration, originality of solutions, aesthetic coherence, 

teamwork processes and adaptability in the face of evolving 

project requirements [80, 81]. These expanded assessment 

criteria influence how co-teaching is planned and 

implemented, as instructional choices must support the 

development of both disciplinary mastery and 

transdisciplinary competencies [48, 80]. 
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The evidence also challenges the assumption, implicit in 

some of the non-STEAM literature, that the primary 

function of co-teaching is to facilitate differentiation within 

a pre-existing instructional design. In STEAM, the design 

itself is often co-constructed, with both educators 

contributing to the conception of the learning experience 

from the outset [78, 79]. This shifts co-teaching from a model 

of delivery to a model of joint curriculum design, where 

planning, assessment and facilitation are integrated 

processes rather than discrete stages [79]. 

Overall, the comparative analysis underscores that while the 

structural forms of co-teaching are indeed transferable, their 

operational logic shifts in STEAM environments. Educators 

who wish to carry over a familiar co-teaching method from 

a non-STEAM context must consider how transdisciplinary 

content, complementary expertise and broader learning 

outcomes will reshape the demands placed on both teachers 

and students [46, 48]. This recognition is critical for making 

informed pedagogical decisions that preserve the strengths 

of established models while fully exploiting the 

opportunities presented by the STEAM framework. 

 

7. Applications 

The practical applications of the findings from this study 

extend directly to curriculum design, instructional planning, 

and professional development in STEAM education. For 

curriculum designers, the analysis offers a framework for 

selecting co-teaching models that align with the scope and 

sequencing of transdisciplinary projects. For example, 

Station Teaching can be embedded in units that require 

students to rotate through scientific experimentation, 

engineering prototyping, and artistic design, while Team 

Teaching may be strategically applied during phases that 

demand live integration of disciplinary perspectives. By 

mapping specific models to project phases and intended 

competencies, educators can ensure that the collaborative 

structure supports both the content and the processes of 

learning. 

In terms of classroom practice, the research provides 

guidance for adapting co-teaching strategies already familiar 

to educators from non-STEAM contexts. Teachers who 

have successfully implemented Alternative Teaching in 

mathematics or literacy, for instance, can modify the 

approach to deliver targeted instruction in specialized 

STEAM skills such as programming, data visualization, or 

3D modelling. Likewise, One Teach, One Assist can be 

reconfigured for complex laboratory or design studio 

settings, where one educator oversees the flow of the 

activity and the other supports troubleshooting, material 

management, and individual coaching. These applications 

emphasize the need for deliberate role definition, continuous 

communication, and flexibility to respond to emergent 

project demands. 

Professional development is another key area of application. 

The study’s findings underscore the value of pairing 

educators with complementary disciplinary expertise to 

achieve authentic transdisciplinary integration. Training 

programmes can use the comparative insights from this 

research to help teachers anticipate how a chosen co-

teaching model will function differently in STEAM 

environments, identify the additional coordination and 

planning required, and design assessment tools that capture 

both disciplinary depth and integrated project outcomes. By 

embedding these practices into institutional routines, 

schools and educational organizations can cultivate co-

teaching partnerships that consistently enhance the quality, 

inclusivity, and real-world relevance of STEAM learning 

experiences. 

 
Table 8: Co-Teaching Models Mapped to Typical STEAM Applications 

 

Co-teaching 

Model 

Example STEAM 

Application 
Role of Each Educator Pedagogical Focus / Outcomes 

One Teach, One 

Assist 

Physics lab on motion 

with sensor-based data 

Lead models procedure and safety; partner circulates 

for calibration, troubleshooting, and immediate checks; 

roles rotate in the next segment. 

Accurate data capture; just-in-time 

scaffolding without stopping whole-class 

flow; time-boxed use to avoid stable 

hierarchy. 

Parallel 

Teaching 

Robotics project: 

mechanical build and 

programming 

One leads mechanical build, the other programming; 

shared objectives and synchronised checkpoints; swap 

groups mid-lesson. 

Lower student-teacher ratio; differentiated 

pacing; rapid misconception repair; smooth 

reintegration of skills. 

Team Teaching 
Sustainable architecture 

charrette 

Co-present instruction; one moderates discourse and 

questioning while the other curates artefacts, models 

techniques, and annotates ideas; roles switch during 

synthesis. 

Public reasoning with two expert voices; 

interdisciplinary integration; visible 

modelling of collaborative problem-

solving. 

Station 

Teaching 

Renewable energy 

rotations (solar, wind, 

hydro) 

Each teacher anchors a station; third station runs as 

independent or peer-led with scaffold cards or AI-

prompted tasks; timed rotations and equity passes. 

Multimodal, hands-on inquiry; equitable 

circulation and feedback; iterative 

prototyping across representations. 

Alternative 

Teaching 

Environmental data 

analysis clinic 

Lead continues the main investigation; partner runs an 

8-10 minute small-group intervention or extension; 

membership remains flexible. 

Targeted support or stretch without pausing 

the class; protects student identity; 

accelerates data literacy. 

Supplemental 

Teaching 

Coding + digital art 

integration 

Whole-class on animation principles; partner offers 

brief supplemental session during independent work or 

immediately after for advanced scripting or 

consolidation. 

Maintains lesson momentum while 

extending or reinforcing learning; 

coherence between core and supplemental 

strands. 

 

8. Conclusion 

This study synthesized developmental, sociocultural and 

constructivist foundations with established co-teaching 

configurations to propose the Co-Teaching and STEAM 

Alignment Framework (CTSAF). The framework reframes 

co-teaching from a staffing arrangement into an evidence-

driven design grammar that aligns models with the 

transdisciplinary and inquiry-oriented character of STEAM. 

Its distinctive contribution is to couple explicit dual-teacher 

roles with minimal decision rules and indicators sensitive to 

co-teaching, so that switches between One Teach, One 

Assist, Parallel, Station, Team, Alternative and 
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Supplemental teaching are justified by participation and 

progress data rather than preference. 

Three practice-level implications follow. First, principles 

are operationalized as classroom structures that specify role 

configurations, task and product grain, movement between 

stations and whole-class studios, and formative routines that 

externalize strategy use. Second, model adaptations are 

conditional on inquiry phase and observed participation 

patterns, which reduces coordination costs and makes in-

lesson pivots feasible without disrupting learning. Third, AI 

functions as an educative medium that broadens access, 

feedback and representation under teacher oversight, while 

co-teaching preserves human judgement for ethical use and 

the calibration of scaffolds. 

Implementation is most effective when teams plan for a 

small set of focal principles, script roles and contingency 

moves, and evaluate with lightweight indicators that are 

sensitive to collaboration and equity. Talk distribution, 

latency to assistance and group progress provide actionable 

feedback within ordinary lessons and help attribute gains to 

how teachers coordinate, not only to task difficulty or 

tooling. In mixed-attainment contexts, this alignment 

enables equitable participation without narrowing 

conceptual ambition and supports students in modelling, 

testing and justifying ideas across disciplinary lenses. 

The study has limits. Findings are bounded by typical 

constraints of school timetables, large class sizes and 

uneven access to maker or digital tools. The framework 

presumes basic professional learning in co-planning and 

discourse facilitation, and AI-supported routines require 

transparency, bias checks and data minimization. 

Transferability beyond the documented conditions remains a 

working hypothesis that calls for systematic examination. 

Future work should combine design-based research with 

comparative studies that test CTSAF against business-as-

usual co-teaching with respect to equity and inquiry 

outcomes. Fine-grained analyses of talk distribution, latency 

to assistance and the timing of model switches can clarify 

causal links between coordination and learning. Fidelity of 

implementation tools are needed to document how roles, 

structures and indicators are enacted across subjects and age 

groups, together with workload and cost-benefit analyses 

that keep the framework tractable for teachers. 
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