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ABSTRACT

	Aims: This paper examines how toy-making activities foster creative problem-solving among middle school students, focusing on how varying levels of instructional guidance influence their exploration, collaboration, and construction processes.
Study design: A qualitative, comparative workshop study was conducted in which two groups of students made a Jigging Puppet – one with detailed instructions and the other with limited instructions. The analysis explored how the semiotic processes of linking (relating parts) and framing (joining techniques) shaped students’ creative and collaborative actions.
Place and Duration of Study: The study was conducted in four middle schools across urban and semi-urban regions of Kurukshetra, Haryana, India over a six-month period, including workshop implementation, documentation, and post-activity reflections.
Methodology: Data were collected through classroom observations, photographs, and field notes during hands-on toy-making sessions. The analysis followed an inductive approach informed by Kress and van Leeuwen’s visual social semiotics, particularly focusing on linking (relations among parts and their proportions) and framing (joining and separation techniques). These dimensions were analyzed to understand how instructional detail shaped students’ engagement in creative problem-solving.
Results: Students without instructions demonstrated higher levels of exploration, experimentation, and adaptive use of materials, though their products often lacked precision or full functionality. Conversely, students with detailed instructions achieved technically refined and functional toys but showed reduced instances of creative divergence. The analysis revealed that linking and framing operated as mediating semiotic resources through which instruction influenced the balance between creativity and precision.
Conclusion: The study demonstrates that toy-making can serve as a structured yet flexible medium to cultivate creative problem-solving in middle school education. While minimal instruction fosters curiosity and innovation, structured guidance supports skill development and functional precision. These findings highlight the value of alternating between open-ended and guided making activities to balance creativity, collaboration, and craftsmanship in learning environments.
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1. INTRODUCTION
There is a well-established discourse within the field of toy-making that emphasizes how creating objects by hand can enhance imagination, fostering creativity, innovation, and analytical thinking among learners. (Rezaei & Zakariaie, 2011; Khanna, 1992/ 2024; Gupta n.d.). Building on this idea, Sang and Simpson (2019) broadly define making as employing novel approaches to create something, often described as a do-it-yourself activity (Schön, Ebner, & Kumar, 2014). Making activities invite learners to joyfully and collaboratively transform ideas into tangible forms through shared and self-directed learning (Sang & Simpson, 2019). 

Making toys is a multifaceted activity that must be adapted to learners’ skills and understanding. Excessive complexity can reduce interest and engagement (Schmidt, 2011), yet appropriately designed making activities that can foster collaboration, shared exploration, and a sense of community (Kangas, 2010). Toy-making can thus be framed as a form of creative problem-solving, combining practical construction with interpretation, negotiation, and co-creation of meaning (Ind & Coates, 2013). Through this process, learners engage collectively to tackle challenges, generate ideas, and refine solutions, making the activity itself a vehicle for learning. This perspective positions toy-making not merely as a craft activity but as a pedagogical approach that develops both creative thinking and collaborative skills, central to learners’ problem-solving capacities (Koh et al., 2015). By linking tangible making to social and cognitive processes, toy-making emerges as a resource that integrates hands-on engagement with meaningful, learning-oriented interactions. However, how making toys can influence learners’ creative problem-solving is still largely unexamined.

Research shows that using learner-centered instructional strategies promote learning and engagement (Brinkmann, 2015), referring to the capacity to learn a novel task from instructions (Kang et al., 2022). Joshua et al. (2020) emphasize the importance of offering different types of instructions in learning situations to promote learners’ comprehension. When guiding instructions include a moderate level of choice, they seem to enhance creative output. On the other hand, people tend to heuristically rely on instructions when they include more details and choices (Sellier & Dahl, 2011). Yet, teacher guidance plays a crucial role in supporting students’ learning processes by scaffolding problem inquiry, providing timely assistance, and helping them structure their work (van Loon et al., 2021). While learner control fosters responsibility, engagement, and a sense of joy and self-efficacy, teacher facilitation ensures that creative exploration also leads to conceptual understanding and the development of disciplinary skills (Hauk & Gröschner, 2022). The National Education Policy (NEP) 2020 in India emphasizes inquiry-based and experiential learning to develop students’ problem-solving skills and prepare them for the challenges of a complex world (Dodge & Colker, 1998). In this light, toy-making can serve as a valuable pedagogical approach – bridging guided instruction with hands-on exploration to cultivate creativity and collaboration – warranting further research into its impact on classroom learning.

Despite these recent developments, a broader understanding of how toy-making activities can serve as a viable means of nurturing creative problem-solving remains limited. The reviewed literature suggests that this gap highlights the need to explore how such activities can foster diverse forms of engagement, enabling learners to experiment, explore, and advance toward creative problem-solving.

To address this research gap, the aim of this paper is to investigate how toy-making activities engage middle school students in creative problem-solving, and how different levels of instructional detail influence their approaches, collaboration, and exploratory processes.

1.1 Toy-making as a pedagogical tool 
Using toy-making as a pedagogical tool to foster creative problem-solving is not a new idea. 
According to Khanna et al. (2018), toys in general, and especially ingenious toys, can enhance creativity. While Toy-based Pedagogy Handbook NCERT (2022) identifies problem solving as a key learning competency supported by toys and even categorizes toys for educational use, questions remain about how toys can be meaningfully integrated into pedagogical practice. Clavio and Fajardo (2008) argue that although toys hold strong potential as instructional tools for developing learners’ problem-solving skills, teachers often lack clear guidelines on how to employ them meaningfully in classroom contexts. This points to the pedagogical complexity of using toys as their design must offer affordances that stimulate exploration, support problem-solving, and remain open to creative interpretation. Seminal contributions such as Arvind Gupta’s Toys from Trash (n.d.) and Sudarshan Khanna’s extensive work on ingenious toy-making (Khanna, 1992/ 2024; Khanna et al., 1999; Khanna et al., 2018) demonstrate how simple materials can be transformed into learning resources through playful design. 

When students recognize that they can recreate a toy themselves, the act of making fosters creativity through shared exploration and experimentation. This collaborative ingenuity aligns with the idea of Jugaad – a form of resourceful, frugal innovation that illustrates how creativity can emerge from simple, collective acts of problem-solving (Radjou et al., 2012). Yet few studies have examined how such toy-making processes function as structured learning activities in classrooms, particularly in relation to creative problem solving, with or without instructional scaffolding.
2. THEORETICAL FRAMEWORK
The first part of the aim of this article, examining how toy-making activities engage middle school students in creative problem-solving, concerns how students approach and navigate such activities. This draws on Isaksen and Treffinger’s (2004) framework of creative problem-solving, which offers a lens for analyzing how learners identify, frame, and work through toy-making tasks when guided either through open-ended exploration or through more detailed, step-by-step instruction. The second part of the aim, focusing on how exploratory processes in toy-making foster creative problem-solving, directs attention toward the collaborative and material aspects of the making activity itself. Here, we draw on Kress’s (2010) concept of affordances to understand how materials, tools, and instructions invite or constrain creative engagement and interaction. The remainder of this section elaborates on these two core analytical concepts: creative problem-solving and affordances.

2.1 Creative problem-solving
Creative Problem Solving (CPS) has been defined as a multidisciplinary methodology that integrates creativity, innovation, and problem-solving across a range of everyday and educational contexts (Franco et al., 2017, pp. 28–29). In this paper, CPS is used as a framework for formulating problems, generating and analyzing diverse ideas, and planning for a meaningful implementation of solutions (Treffinger, 1995, p. 301). Treffinger et al. (2003) further describe CPS as a set of practical tools that help individuals or groups address problems creatively and drive purposeful change.

Isaksen and Treffinger (2004) refined this framework into three interrelated components: understanding the challenge, generating ideas, and preparing for action. These components form a dynamic, iterative process, moving from problem framing through idea exploration to transforming ideas into practical outcomes. In educational contexts, CPS provides a lens for analyzing how learners approach complex, open-ended tasks such as toy-making, where creativity, collaboration, and iterative experimentation are central. Applied to toy-making, CPS clarifies how learners engage collaboratively with creative challenges. In the understanding-the-challenge phase, students interpret the purpose of a toy and frame their design ideas in response to available materials and instructions. Idea generation unfolds as students brainstorm, experiment, and modify their designs collectively. Finally, preparation for action is seen as learners refine their creations, assess their effectiveness, and reflect on the process together.

2.2 Affordances
In analyzing the students’ creative processes, we focus on how the materials and tools at hand afford collaborative exploration and problem-solving. Drawing on Kress’s (2010) social semiotic perspective, affordances are understood not only as the material possibilities that objects offer but also as the social and contextual meanings that emerge through their use. In toy-making, affordances shape how learners interpret materials – what they can do with them, and how these possibilities are shared, negotiated, and transformed in collaboration.

The notion of aptness (Kress, 2010) emphasizes the relationship between purpose and choice: what materials, actions, or ideas are considered “fit for purpose” in a given moment. This perspective helps clarify how students collectively assess and adapt available resources to realize their ideas. To capture these dynamics, we focus on moments of linking – how dimensions, proportions, and relationships between components are connected to form coherent structures – and framing – how joining techniques indicate whether elements are conceptually or functionally connected, guiding both meaning-making and problem-solving (van Leeuwen, 2005). Through this lens, toy-making becomes a site where material, cognitive, and social affordances converge in collaborative creative problem-solving.
3. METHODOLOGY
The study was carried out in the regions of Kurukshetra, Haryana, India across four case schools representing diverse contexts – government and private, urban and rural, and co-educational or single-gender settings: School A (Government Rural, Co-Ed), School B (Private Urban, Co-Ed), School C (Private Urban, All Boys), and School D (Private Urban, Co-Ed). Workshops involved 87 students aged 10–14, selected through stratified random sampling across 6th–8th grades to ensure a representative mix, with participation based on student availability and teacher consent (DeYoreo, 2018; Makwana et al., 2023; Ahmed, 2024). The following sections describe the materials, methods, procedures, ethical considerations, and analytical approach.

3.1 Research methods
This study employed a qualitative research approach, characterized by on-site data collection, researcher involvement in the process, and the observation of participants’ outputs in a middle school setting (Creswell & Poth, 2018). Data were gathered through workshops conducted separately in four case schools. Workshops have been recognized as valuable methods for knowledge creation, supporting active participation, creative processes, and participatory research (Eidenskog et al., 2024; Hu, 2024). During the workshops, data were collected through observations, field notes, and photographs to document both the process and participants’ outputs.

3.2 Materials: The Jigging Puppet
In this study, the Jigging Puppet – an ingenious handmade toy (Khanna et al., 2018) crafted from dried palm leaves, bamboo, thread, and acrylic paint – was used; it is defined as a puppet designed to engage children in play (NCERT, 2022). The toy was selected for its charismatic form and lively movement, intended to stimulate curiosity and invite students to explore, manipulate, and discuss strategies for recreating it. Variants such as the joker (human) (Figure 1a) and tiger (Figure 1b) were randomly introduced during the workshops. To suit the school setting, workshop materials were simplified to include paper, glue, needle, thread, jhadoo (broomstick), and sketch pens.
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Fig. 1. Jigging Puppet: (a) Joker (human) form; (b) Tiger form 
Source: Author’s Fieldwork, 2022

3.3 Research procedure
Students were divided into two groups, 46 in Group 1 and 41 in Group 2, and encouraged to work in pairs, following Lumsdaine and Lumsdaine’s (1995) emphasis on team-based iterative thinking in creative problem-solving (CPS) (Table 1). Instructions differed between the groups:

1. Group 1: Students were shown a sample Jigging Puppet and given materials to work in pairs, but no further instructions were provided. This setup allowed observation of how students approached creative problem-solving without guided steps.
2. Group 2: Students received structured guidance, combining verbal instructions, a paper sample of the puppet, and hand-drawn illustrations on the blackboard. They noted the steps in their notebooks and followed them accordingly. This aligns with research showing that detailed written and visual instructions can support accurate task completion (Dunham et al., 2020) (Figure 2).

One workshop per group was conducted at each of the four case schools, involving a total of 87 students. Both groups were shown the sample toy and given materials but were assigned separate spaces to prevent cross-group influence (Eidenskog et al., 2024). Each workshop lasted 90 minutes, including five minutes for group formation. The design of the workshops allowed us to observe how students approached creative problem-solving when working with step-by-step instructions (Group 2) compared with a more open-ended, self-directed approach (Group 1). Workshops followed Isaksen & Treffinger’s (2004) framework, encouraging students to engage with real challenges and generate workable solutions through toy-making.

Table 1.	Participating students in workshops in case schools

	
	Number of Participants

	School
	Group 1
(Without Instruction)
	Group 2
(With Instruction)
	Total

	School A


	10
	9
	19

	School B
	13
	11
	24

	School C
	12
	12
	24

	School D
	11
	9
	20

	Total

	46
	41
	87


Source: Author’s Fieldwork, 2022




Fig. 2. Workshop procedure 

The presence of an instructor can influence students’ actions, prompting them to follow provided directions (Dunham et al., 2020). This was observed in both groups, as students often asked the researcher for guidance during toy-making. Verbal instructions are effective in face-to-face interactions and can be complemented by visual aids (Yang, 2011).

3.4 Ethical concerns
Ethical considerations in this study were addressed through informed consent. Permission was obtained from the school principals prior to conducting workshops with students. Teachers and students were fully informed about the study’s purpose, and it was made clear that all data collected would be used exclusively for research and publication. This approach ensured respect for participants’ rights while adhering to local ethical practices.

3.5 Analysis
The workshop structure was conceptualized in three steps: input, process, and output. Data were analyzed primarily inductively to identify patterns in students’ toy-making processes, while applying a theoretical lens informed by Kress and van Leeuwen’s social semiotics. The concept of aptness (Kress, 2010) guided interpretation of how students judged materials and actions as “fit for purpose,” and linking and framing (van Leeuwen, 2005) guided the analysis of how elements were connected or separated to realize ideas. Observations focused on students’ collaborative interactions, exploration of materials, and iterative decision-making, while photographs documented the outputs. This combined approach allowed us to examine emergent creative problem-solving actions in relation to the material, cognitive, and social affordances activated during the toy-making activities.

4. FINDINGS
This section presents the findings of the study, focusing on how students engaged with the toy-making activity through the aptness of linking and framing.

4.1 The aptness of linking and framing
To explore how students engaged in creative problem-solving through toy-making, the analysis focuses on moments where material, cognitive, and social affordances intersected in the construction process. Drawing on Kress’s (2010) notion of aptness and van Leeuwen’s (2005) concepts of linking and framing, the analysis examines how students’ choices reflected their sense of what was “fit for purpose” in shaping and connecting the parts of the Jigging Puppet. These analytical lenses helped clarifying how students balanced exploration and precision, how they linked dimensions and proportions to achieve coherent forms, and how they framed parts through joining techniques to create functional movement.

The following two sections discuss these processes in turn: first, how students worked with dimensions, proportions, and form; and second, how they approached joining techniques and function. Together, these analyses shed light on the interplay between material affordances, instructional guidance, and students’ evolving sense of aptness in design and problem-solving.

4.1.1 Dimension, proportions, and form
Across both groups, students approached the task of shaping the Jigging Puppet with varying degrees of precision and creativity. Without instructions, they relied on observation and experimentation to approximate the puppet’s form. Some traced the sample puppet, others created paper templates, drew freehand, or measured using a scale. While these approaches often produced imprecise proportions, they reflected flexible and adaptive problem-solving. Students also exercised aesthetic judgement by decorating their puppets – coloring, concealing knots with paper, or stitching edges for a refined look – indicating an emergent sense of design ownership.

By contrast, students who received instructions followed them closely, using provided measurements and sketches from the blackboard to reproduce the puppet’s form. Their work tended to be more proportionally accurate, though somewhat uniform. Yet even within these constraints, students found space for creativity, such as experimenting with zig-zag leg patterns or integrating colors and textures. Overall, the contrast between groups highlights how explicit guidance fosters precision and replication, while the absence of instruction encourages flexible and exploratory thinking in achieving form.

Across both conditions, students continuously assessed the fit between their constructed parts and the intended movement or visual balance of the puppet – adjusting shapes, re-cutting pieces, and refining joints when proportions seemed off. These small negotiations and design adjustments revealed how learners linked visual and functional aspects of the toy, collectively deciding what was “fit for purpose” within the available materials and time.

4.1.2 Joining techniqes and function 
In connecting the puppet’s parts, students again demonstrated contrasting modes of engagement. Without instructions, they improvised extensively – using pencils to pierce holes, broomstick pieces (jhadoo ki teeli) to link joints, or glue when thread was difficult to manage. These methods often reduced movement precision but revealed inventive responses to material challenges. Students’ ability to adapt their technique to achieve partial or full movement exemplified creative problem-solving within constraints.

Those with instructions largely adhered to the demonstrated joining method using needle and thread, ensuring structural stability and predictable movement. However, they frequently sought reassurance from the instructor and sometimes over-secured joints with glue, restricting motion. A few spent considerable time perfecting knots, leaving their puppets incomplete. Even so, decoration and minor adjustments offered moments of autonomy. This comparison suggests that instructions can channel students toward functional precision but may limit experimentation, whereas open-ended guidance encourages exploration at the cost of mechanical accuracy.

Across both groups, students’ joining methods revealed how material constraints and available guidance shaped their problem-solving processes. Whether through improvisation or disciplined adherence to instruction, students negotiated between stability and flexibility – linking functional necessity (movement) with aesthetic and material considerations.


4.1.3 Toy outputs: Illustrating creative variations
To illustrate the diversity of students’ creative processes, Figure 3 presents examples of the puppets produced across the four workshop settings. The outcomes varied widely in both form – the completeness and proportion of the puppet’s shape – and function – the degree of mobility achieved through different joining methods. Some puppets demonstrated balanced proportions and smooth limb movement, while others revealed inventive yet improvised constructions that prioritized experimentation over precision. Rather than evaluating technical accuracy, these examples highlight how students interpreted the task’s affordances and made choices that reflected their sense of aptness—what seemed “fit for purpose” within the materials and constraints available. In some cases, students who worked without instructions achieved surprising functional results through unconventional joining techniques, whereas those who followed instructions tended to emphasize symmetry and surface finish. Together, the toys reveal how the students transformed the same task into a variety of expressive and functional outcomes.

[image: ]
Fig. 3. Examples of student-made Jigging Puppet toys from the four workshops. The puppets illustrate a range of creative outcomes in both form (shape, proportion, and decoration) and function (movement and joinery). Differences in proportion, structure, and mobility reflect students’ varied interpretations of the toy-making task and their sense of aptness – what materials, dimensions, and joining methods were seen as “fit for purpose” within the creative problem-solving process
Source: Author’s Fieldwork, 2022

The toy outputs illustrate how students engaged with the creative problem-solving task, revealing variations in both form and function depending on the presence or absence of instructions. These outcomes provide empirical grounding for examining the aptness of materials and the processes of linking and framing, showing how students negotiated dimensions, proportions, and joining techniques in collaborative contexts. In the following discussion, we interpret these findings in relation to the theoretical framework, considering how toy-making activities can foster creative problem-solving and the interplay between guided instruction and exploratory engagement.
5. Discussion
This study examined how middle school students engage in creative problem-solving (CPS) through toy-making, focusing on how instructional guidance shapes collaborative strategies. Analysis of the Jigging Puppet workshops demonstrates that linking (dimensions and proportions) and framing (joining techniques) are central to students’ CPS processes, mediating how material, cognitive, and social affordances converge (Kress, 2010; van Leeuwen, 2005).

Across both groups, students initially attempted to replicate the sample puppet. In the absence of instructions (Group 1), imitation quickly gave way to iterative problem-solving: students traced puppets, created templates, drew freehand, or measured parts using scales. These strategies reflect active linking, where students negotiated relationships between dimensions and proportions to construct coherent forms. Templates and improvisations acted as cognitive and material scaffolds, enabling students to externalize and refine ideas collaboratively (Kress, 2010). With structured instructions (Group 2), students produced more precise forms. They followed prescribed steps, shared tasks, and executed measurements systematically. While precision was enhanced, the range of linking strategies and spontaneous adaptations was narrower, illustrating how guidance supports technical skill but can constrain exploratory approaches (Hauk & Gröschner, 2022).

Functionality depended on how students joined puppet parts. Group 1 improvised when knots were challenging, using glue or jhadoo ki teeli (broomstick pieces), demonstrating flexible framing and collaborative problem-solving. These adaptations show how students collectively assessed the “fitness for purpose” of materials (aptness) and negotiated functional solutions (Radjou et al., 2012). In Group 2, students followed instructions to tie knots and assemble puppets, achieving functional outcomes but with less scope for experimentation. The contrast highlights that structured guidance ensures functionality but can limit collaborative creativity (Sellier & Dahl, 2011; Lumsdaine & Lumsdaine, 1995).

Toy-making without instructions activated all CPS phases (Isaksen & Treffinger, 2004): understanding the challenge, generating diverse solutions, and preparing for action. Students iteratively experimented, negotiated strategies, and evaluated outcomes. With instructions, CPS engagement focused on disciplined execution and precision, emphasizing how guidance mediates the balance between creativity and technical accuracy. Both modes were productive, supporting engagement, skill development, and collaborative learning (van Loon et al., 2021; Kang et al., 2022).

These findings suggest that toy-making offers a pedagogically rich medium for CPS, allowing students to explore creativity while developing technical, collaborative, and problem-solving skills. Open-ended tasks foster exploration and innovation, while structured guidance enhances precision and skill acquisition. Integrating these approaches aligns with NEP 2020 and experiential learning principles, offering practical strategies for middle school design education (Khanna, 1992/2024; Sang & Simpson, 2019).

Overall, this study contributes by demonstrating how linking and framing mediate creative problem-solving in collaborative toy-making, revealing how instruction modulates the balance between exploration, creativity, and precision, and providing empirical evidence that toy-making can serve as a structured yet flexible medium to cultivate creative problem-solving in educational settings.

6. CONCLUSION
The aim of this study was to investigate how toy-making activities engage middle school students in creative problem-solving and how different levels of instructional detail influence their approaches, collaboration, and exploratory processes. The findings show that students were able to replicate the form of the Jigging Puppet, but achieving functional outcomes often required guidance. In line with the study’s aim, the results reveal that the absence of instructions initially fosters students’ confidence, curiosity, and inventive approaches, allowing them to explore dimensions, proportions, and joining techniques independently. This open-ended engagement encourages creativity and problem-solving, though it may limit precision and the development of specific skills required for fully functional outcomes. Conversely, the provision of instructions supports accuracy, technical skill development, and functional performance, while also guiding students in organizing tasks and refining their designs.

These patterns highlight the complementary role of exploration and guidance in creative problem-solving. Experiences without instructions allow students to experiment, generate novel solutions, and collaboratively navigate challenges, whereas subsequent guidance ensures that these creative efforts can be translated into practical, well-executed outcomes. The findings indicate that a sequential approach – initially encouraging open-ended exploration followed by structured instruction – optimally nurtures both inventive thinking and technical competence.

Overall, the study contributes to educational practice by demonstrating how collaborative toy-making can serve as a structured yet flexible medium for cultivating creative problem-solving. It underscores the potential of iterative experiences to enhance students’ engagement, motivation, and collaborative skills, while also supporting the learning of abstract concepts and logical reasoning. These insights align with the objectives of the National Education Policy 2020, emphasizing experiential, inquiry-based learning in middle school classrooms, and suggest that integrating ingenious handmade toys into pedagogy can meaningfully foster creativity, design thinking, and problem-solving capabilities in students.
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