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INTRODUCTION 

Materials used in early childhood education play 

an important role in shaping children’s play and 

learning processes. In terms of the possibilities for 

use that they offer, an important distinction exists 

between open-ended and closed-ended materials. 

While closed-ended materials generally have a 

predetermined function or limited possibilities for 

use, open-ended materials consist of objects that can 

be combined, separated, moved, transformed, and 

reinterpreted in different ways across various play 

contexts (Cankaya, Rohatyn-Martin, Leach, Taylor, 

& Bulut, 2023; Daly & Beloglovsky, 2015; Nicholson, 

1971). The defining characteristic of open-ended 

materials is that, rather than presenting children 

with a completed play scenario, they provide them 
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ABSTRACT 
This study examined how preservice preschool teachers developed open-

ended materials from initial ideas to final products under shared time and 

material constraints. A qualitative case study design was used with 16 fourth-

year preservice preschool teachers at a public university in eastern Türkiye. 

Participants individually designed a material for children aged 4–6 within 45 

minutes using a common pool of recyclable and complementary materials. 

Data were obtained from semi-structured interviews, researcher notes, and 

photographs of the final products and analyzed through content analysis. 

Findings showed that design ideas were mainly shaped by pedagogical 

and developmental needs, play and active participation, reinterpretation 

of familiar designs, and transformation of available materials. During the 

process, participants added new functions, revised product structures, 

changed initial ideas, and improved mechanical features. The main 

difficulties concerned cutting and joining materials, ensuring durability 

and balance, and operating moving parts; participants responded through 

reinforcement, alternative materials, measurement, alignment, and trial 

and error. Although the materials were viewed as multifunctional and 

creative, the findings also indicated that multifunctionality did not always 

ensure child-led open-endedness. The study highlights the value of process-

oriented material design experiences in preschool teacher education. 
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with opportunities to decide what the material will 

become, how it will be used, and what kind of product 

will emerge. Therefore, open-endedness is associated 

not merely with a material consisting of numerous 

parts, but with its capacity to enable different forms 

of use, solutions, products, and meanings (Daly & 

Beloglovsky, 2015; Nicholson, 1971). 

One of the theoretical foundations of open-ended 

materials is Nicholson’s (1971) Theory of Loose Parts. 

Nicholson argued that children’s opportunities for 

creativity and invention are related to the diversity of 

variables available in the environment and suggested 

that elements children can move, combine, take 

apart, and rearrange provide richer possibilities for 

play and design. Within this approach, the child is 

positioned not as a passive user of an environment 

completed by adults, but as an active agent who can 

modify and redesign the environment. Loose parts may 

include physical objects such as natural materials, 

boxes, lids, fabrics, rolls, bottles, strings, and various 

discarded materials, as well as the possibilities for 

movement, balance, sound, and relationships that 

emerge when these objects are brought together. 

The portable and transformable nature of loose 

parts allows the same material to be used for new 

purposes by different children or by the same child 

at different times (Cankaya et al., 2023; Flannigan & 

Dietze, 2018; Gibson, Cornell, & Gill, 2017). In this 

way, the material becomes a design resource through 

which children can continually create new games and 

products rather than merely a tool for implementing 

a single activity. 

This perspective can also be interpreted through 

Gibson’s (1979) concept of affordances, which 

refers to the possibilities for action that emerge 

through the relationship between the characteristics 

of an environment and the individual interacting 

with it. Viewed through this theoretical lens, the 

same material may offer different possibilities for 

moving, combining, constructing, or symbolic use 

depending on children’s intentions, experiences, 

and interactions with the material (Chookah, 

Agbenyega, Santos, & Habak, 2024). Therefore, the 

open-endedness of a material is related not only to 

its physical characteristics but also to the range of 

actions and meanings that children can generate 

through it (Nome, 2024). 

The contributions of open-ended materials to 

children’s development are considered within the 

interaction among cognitive, language, motor, and 

social-emotional processes. Selecting, classifying, 

combining, balancing, and rearranging materials 

may require children to compare the properties of 

objects, explore spatial relationships, and generate 

alternative solutions to the problems they encounter 

(Cankaya et al., 2023; Gibson et al., 2017). Using 

an object to represent something other than its 

actual function may activate symbolic thinking and 

storytelling processes. Actions such as constructing 

structures, positioning, rotating, tying, cutting, 

and joining pieces require the use of hand-eye 

coordination and fine motor skills. Thus, unlike 

tools that focus on a single developmental domain, 

open-ended materials may enable cognitive, motor, 

language, and social-emotional experiences to be 

integrated within the same play process (Cankaya et 

al., 2023; Daly & Beloglovsky, 2015; Gibson et al., 

2017). 

A recent systematic review found that play 

materials resembling loose parts were associated 

with children’s problem-solving, creativity, early 

academic skills, and convergent and divergent 

thinking. However, the authors also identified 

methodological variation and important gaps in the 

available evidence (Cankaya, Martin, & Haugen, 

2025). Therefore, the developmental potential of 

loose parts should be interpreted cautiously rather 

than being regarded as an automatic consequence of 

merely providing such materials. 

Preschool teachers, who facilite access for all 

children and ensure social collaboration, are also 

expected to develop materials that are appropriate 

for children’s developmental characteristics, support 

learning, are safe and economical, and can be adapted 

to different learning needs (Mercan & Gozum, 2023). 

Today, the diversification of educational settings, 

the fact that resources are not always sufficient, 

and teachers’ work with children who have different 

learning needs have made material development 

an important area of professional competence in 

teaching. Therefore, it is important for preservice 

teachers to gain experiences through which they can 

translate their theoretical knowledge into practice, 

adapt available resources for pedagogical purposes, 
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and generate solutions to problems encountered 

during implementation (Darling-Hammond, 2006; 

Korthagen, 2010). 

A recent review of studies published between 

2014 and 2024 revealed that research on preservice 

teachers and creativity remains dispersed, employs 

diverse conceptualizations of creativity, and gives 

limited attention to the specific characteristics of 

preservice teachers (Muñoz-Salinas, Caro-Zúñiga, 

& Jeria, 2025). These findings indicate the need 

for studies that examine how preservice teachers’ 

creativity and pedagogical knowledge become visible 

during concrete design practices. 

The process of designing materials corresponds 

with the fundamental characteristics of design 

thinking. Design thinking is an iterative process that 

includes understanding a need or problem, generating 

possible solutions, creating a prototype, testing the 

product, and revising it in light of the results obtained 

(Brown, 2008; Razzouk & Shute, 2012). Design-

oriented studies in the context of early childhood 

education have been reported to support skills 

such as creativity, problem solving, communication, 

collaboration, and curiosity (Yalçın, 2022). 

A recent review of 20 empirical studies conducted 

with young learners showed that design thinking 

was associated with multidisciplinary teaching, 

problem solving, support for developmental domains, 

children’s agency, and participatory learning. The 

design activities examined in these studies were 

implemented through real-life problems, open-

ended science problems, and imaginary play contexts 

(Grönman, Lindfors, & Rönkkö, 2025). 

From the perspective of teacher education, 

such experiences may enable preservice teachers 

to transform abstract pedagogical knowledge into a 

tangible product, observe the consequences of their 

design decisions, and reflect on their own thinking 

processes. However, although interest in play-

based and creative learning approaches in teacher 

education and early childhood teacher education has 

increased, how these approaches are implemented 

in higher education, how they are related to 

curriculum objectives, and how they are reflected 

in learning experiences and outcomes have not yet 

been explained sufficiently systematically (Boysen, 

Sørensen, Jensen, von Seelen, & Skovbjerg, 2022). In 

particular, there is a need for research that examines 

throughout the process the decisions preservice 

teachers make, the changes they introduce, and 

the solutions they develop for the problems they 

encounter while creating a tangible material. 

The literature includes studies and reviews 

examining the relationship between open-ended 

materials and children’s play and developmental 

processes (Cankaya et al., 2023; Cankaya et al., 

2025; Flannigan & Dietze, 2018; Gibson et al., 

2017). Existing studies have focused primarily on the 

contributions of these materials to child development, 

teachers’ and preservice teachers’ views of 

creativity, and the general pedagogical effects of 

design-based learning (Gibson et al., 2017; Grönman 

et al., 2025; Muñoz-Salinas et al., 2025; Yildirim 

& Yilmaz, 2023). There are also studies examining 

preschool preservice teachers’ learning experiences 

in practices involving loose parts (Simoncini & 

Lasen, 2021), their beliefs about creativity and 

implementation of creative activities (Ata-Akturk & 

Sevimli-Celik, 2023), and their technology-supported 

material development processes (Bulut, Özkaya, 

Arık Karamık, & Şahin, 2025). However, no study was 

identified that holistically examined how preservice 

teachers develop an open-ended material from 

the idea stage to the final product under specified 

time and material constraints. Although examining 

only the resulting product may reveal the physical 

and pedagogical characteristics of the material, it 

may be insufficient to explain preservice teachers’ 

decision-making, adaptation, and problem-solving 

processes. Understanding how the initial idea 

emerged, why it was modified, and how solutions 

were developed for the difficulties encountered is 

important for comprehending the design process. In 

this context, considering that preservice teachers 

may not always have access to ready-made materials 

in their professional lives, examining how they 

transform available resources may provide practical 

information for teacher education practices. 

Accordingly, the aim of this study was to examine 

preschool preservice teachers’ processes of designing 

open-ended materials from the initial idea stage to 

the final product. 

Within this scope, the study sought answers to 

the following research questions: 
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1. How do preservice preschool teachers generate 

ideas for open-ended material designs? 

2. What changes occur between their initial designs 

and final products? 

3. What difficulties do preservice preschool teachers 

encounter during the open-ended material design 

process? 

4. What strategies do they use to overcome these 

difficulties? 

5. Which developmental domains do preservice 

preschool teachers perceive their materials as 

having the potential to support? 

6. What open-ended features are evident in the 

designed materials based on participants’ 

explanations and product analysis? 

7. On what grounds do preservice preschool teachers 

consider their materials creative? 

METHOD 

This section provides information on research 
design, study group, data collection tools, data 
collection processes, and data analysis. 

 

Research Design 

Since the research focuses on the experiences, 

design decisions, and solution strategies developed 

by preservice preschool teachers during the open-

ended material design process, a qualitative research 

approach was adopted, and the study was conducted 

using a case study design. Case studies allow for a 

multifaceted and in-depth examination of a particular 

phenomenon or process within its natural context 

(Merriam & Tisdell, 2016; Yin, 2018). 

 

Study Group 

The study group consisted of 16 preservice teachers 

enrolled in the fourth year of the Department of 

Preschool Education at a public university in eastern 

of Türkiye. The participants were selected through 

criterion sampling, one of the purposive sampling 

methods. The inclusion criteria were being a fourth-

year student, completing the open-ended material 

design task, using only the materials provided in 

the material pool during the design process, and 

participating in the individual interview. 

Data Collection Tools 
The data were collected through a Semi-Structured 

Interview Form and photographs of the materials 

designed by the participants. 

Semi-structured interview form 
The semi-structured interview form used in the study 

was developed by the researcher. Semi-structured 

interviews enable researchers to collect data in line 

with predetermined questions while also allowing 

flexibility according to the flow of the interview 

when necessary (Türnüklü, 2000). The interview 

form included questions concerning how preservice 

teachers’ ideas for designing open-ended materials 

emerged, the processes through which their initial 

designs developed into final products, the difficulties 

they encountered, the strategies they developed to 

address these difficulties, the developmental domains 

that they believed their materials could support, the 

open-ended characteristics of the materials, and the 

reasons why they considered their materials creative. 

Examples of the questions included in the form were: 

“How did the idea for the open-ended material you 

designed emerge?”, “What changes did you make 

between your initial idea and the final product?”, 

“What difficulties did you encounter during the design 

process, and what strategies did you use to overcome 

them?”, “Which developmental domains do you think 

your material has the potential to support?”, “What 

features of your material make it open-ended?”, 

and “Why do you consider the material you designed 

creative?” The opinions of three academics with 

expertise in preschool education were obtained 

regarding the interview form. Following the pilot 

study, the necessary revisions were made, and the 

form was finalized with seven questions. The pilot 

interview was conducted with three preservice 

teachers who were not included in the main study. 

Based on the pilot interview, revisions were made to 

the wording and sequencing of the questions. 

Designed materials 
The materials completed by the participants 

were photographed immediately after the design 

task. These photographs were used to examine 

the observable structural, functional, and open-

ended features of the products. The visual data 
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were interpreted together with the participants’ 

interview responses and researcher notes rather 

than being analyzed as an independent measure of 

developmental effectiveness. 

Data Collection Process 
Before data collection, the participants were 

informed about the purpose and procedures of 

the study, the voluntary nature of participation, 

confidentiality, and their right to withdraw without 

any academic consequences. Written informed 

consent was obtained from all participants. During 

the data collection process, each preservice teacher 

worked individually. Participants were given the 

following instruction: “Using the materials provided 

on the table, design an open-ended material for 

children aged 4–6 years. You have 45 minutes.” 

Throughout the design process, all participants were 

provided with the same common pool of materials. 

This pool included recyclable materials such as 

cardboard boxes, toilet paper and paper towel rolls, 

plastic bottles, plastic bottle caps, egg cartons, 

plastic detergent containers, and newspaper and 

magazine pages, as well as complementary materials 

including drinking straws, wooden skewers, string, 

rubber bands, fabric pieces, buttons, clothespins, 

EVA foam pieces, colored paper, craft sticks, ping-

pong balls, pom-poms, paint, scissors, glue, silicone 

adhesive, and tape. After completing the material 

design task, individual interviews were conducted 

with the participants to gather their views on the 

design process. Whenever possible, the interviews 

were audio-recorded. When audio recording was not 

possible, detailed researcher notes were taken. In 

addition, the materials designed by the participants 

were photographed. Thus, the interview data and the 

tangible products designed by the participants were 

examined together. 

Data Analysis 
The data obtained in the study were analyzed using 

content analysis. Content analysis is based on bringing 

together similar data under specific concepts and 

themes to interpret their meanings (Yıldırım & Şimşek, 

2021). Interview transcripts and researcher notes 

were initially read several times and coded according 

to meaningful units. Similar codes were grouped into 

categories corresponding to the research questions. 

Photographs of the final products were examined to 

identify observable structural and functional features 

and to corroborate participants’ explanations. 

Statements concerning developmental domains and 

open-endedness were interpreted as participants’ 

perceptions and the potential affordances of the 

materials rather than as evidence of actual effects on 

children. When a participant’s response represented 

more than one category, multiple coding was applied. 

Credibility and Trustworthiness 

To enhance the credibility and overall quality of 

the study, the criteria of credibility, transferability, 

dependability, and confirmability proposed by Lincoln 

and Guba (1985) were taken into consideration. To 

increase credibility, expert opinions were sought 

during the development of the data collection 

instruments, and the interview questions were 

reviewed prior to implementation. To ensure data 

triangulation, the preservice teachers’ interview 

responses and the materials they designed were 

examined together. The data analysis process was 

reported in detail, and the findings were supported 

with direct participant quotations and photographs 

of the designed materials. To protect participants’ 

confidentiality, pseudonymous codes (PT1–PT16) 

were used instead of their real names. 

FINDINGS 

The findings of the study are presented under the 

following headings: Emergence of Design Ideas, 

Changes from Initial Designs to Final Products, 

Difficulties Encountered During the Design Process, 

Solutions Developed for the Difficulties Encountered, 

Perceived Developmental Domains Supported by the 

Designed Materials, Open-Ended Characteristics of 

the Materials, and Reasons for Preservice Teachers’ 

Perceptions of Their Materials as Creative. 

Emergence of Design Ideas 

The analysis of the emergence of preservice teachers’ 

open-ended material design ideas revealed that their 

ideas were shaped around five categories: pedagogical 

and developmental needs; providing play, enjoyment, 

and active participation; reinterpreting a familiar 
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game, tool, or design; transforming the provided 

materials; creating multifunctional/open-ended use. 

Table 1: Sources of preservice teachers’ 

design ideas 

Category f 

Pedagogical and developmental needs 15 

Providing play, enjoyment, and active 

participation 

11 

Reinterpreting a familiar game, tool, or 

design 

11 

Transforming the provided materials 8 

Creating multifunctional/open-ended use 7 

Note. Since a single participant’s responses were coded un-

der more than one category, the total frequency exceeds 

the number of participants. 

As shown in Table 1, the majority of the preservice 

teachers developed their design ideas based on 

children’s developmental and educational needs. 

In this context, supporting different developmental 

domains, age appropriateness, story creation, 

concept teaching, problem-solving, and fostering 

imagination emerged as the primary considerations. 

PT1 explained the starting point of the design by 

stating, “I wanted to create a material that would 

address children’s developmental domains while also 

being enjoyable” (Figure 1). Similarly, PT14 stated, “I 

wanted to create a fun game while teaching children 

numbers. I thought of designing a material through 

which they could both learn numbers and play.” 

Providing play, enjoyment, and active 

participation constituted the second most prominent 

source of design ideas. The preservice teachers 

integrated educational purposes with forms of play 

that would attract children’s interest. For example, 

PT3 stated, “I wanted to design a material through 

which children could create stories while having fun 

and actively participating.” Likewise, PT12 developed 

the idea of a foosball game with the aim of creating 

a game material through which children could “both 

have fun and actively participate.” 

Reinterpreting a familiar game, tool, or design 

also emerged as a common approach to idea 

development. The preservice teachers adapted 

familiar forms such as cubes, pyramids, mazes, 

puzzles, televisions, shape sorters, foosball games, 

puppet theaters, and vehicles by assigning them new 

functions. As shown in Figure 2, PT2’s transition from 

the initial idea of a sorting robot to a dinosaur and 

finally to a crocodile with a large mouth that children 

could use more easily clearly illustrates this process: 

 
“At first, I planned to make a sorting robot. 

Then I thought I could apply the same system to 

a dinosaur. After that, I decided it should be a 

crocodile because I could make its mouth really 

big, and children would be able to place the 

materials more easily.” (PT2) 

 
For some participants, the materials provided 

directly initiated the generation of design ideas. 

Plastic bottles, boxes, caps, rolls, and other reusable 

 

 

Fig. 1: Material designed by preservice teacher PT1 
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functions; reorganizing the form or structure of the 

product; completely changing the design idea; and 

improving the technical or mechanical structure. 

 
Table 2: Distribution of changes from initial 

designs to final products 
 

Category f % 

Adding new sections, components, or 

functions 

8 50.00 

Reorganizing the form or structure of the 

product 

3 18.75 

Completely changing the design idea 3 18.75 

Improving the technical or mechanical 

structure 

2 12.50 

 

 

 

Fig. 2: Material designed by preservice 

teacher PT2 

items functioned not only as production materials but 

also as design stimuli that inspired new functions. PT6 

expressed this by stating, “This idea emerged while I 

was thinking about how I could make use of recycled 

materials.” Similarly, PT10 stated that the design 

process began by “taking the available recycled 

materials into consideration.” 

The idea of creating multifunctional/open-ended 

use was evident in the responses of seven preservice 

teachers. These participants focused on designing ma-

terials that did not limit children to a single activity 

but instead allowed them to create different games or 

use the same material to develop multiple skills. PT16 

explained this approach as follows: 

“I wanted to design an educational and 

enjoyable game through which children could 

develop different skills using the same material 

rather than being limited to a single activity.” 

(PT16) 

Changes from Initial Designs to Final 

Products 

The analysis of the changes between the preservice 

teachers’ initial designs and their final products 

revealed that these changes were shaped around 

four categories: adding new sections, components, or 

As shown in Table 2, half of the preservice teachers 

added new sections, components, or functions to their 

initial designs. These changes involved transforming 

the products from single-purpose structures into 

more comprehensive and multifunctional materials. 

PT10 explained the development of a material 

that was initially planned only as a storytelling 

box as follows: “At first, I planned it only as 

a storytelling box. However, I made it more 

comprehensive by adding interactive sections 

such as a matching game, a puzzle, and a 

drawing area to the side panels.” 

Similarly, PT16 described adding different func-

tions to the initial shape game by stating, “At first, 

it only included a shape game. Then I added facial 

expressions and a puzzle and turned it into a board.” 
 

Fig. 3: Material designed by preservice teacher PT10 

 

Three preservice teachers reorganized the basic 

form or structure of their designs. PT3 explained this 
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change as follows: “At first, I was thinking of a simple 

storytelling material. Then I divided the colors into 

themes and designed it in the shape of a pyramid, 

turning it into a game.” 
 

Fig. 4: Material designed by preservice teacher PT3 

 

In three designs, the initial idea was completely 

changed. PT1 stated that the original idea was to 

design a play area using a large box, but later shifted 

to a cube game because it would take too long to use 

and might reduce children’s interest. PT2’s design 

evolved through the forms of a robot, a dinosaur, and 

finally a crocodile: 

“It changed quite a lot—first it was a robot, then a 

dinosaur, and finally a crocodile.” (PT2) 

The changes made by two preservice teachers 

focused on improving the technical and mechanical 

functioning of the product. PT6 explained this process 

as follows: “The balance was affected because the 

bottle had too many holes. In the next stage, I used 

wooden skewers so that the wheels could rotate 

more easily.” (PT6) 

Difficulties Encountered During the Design 

Process 

The analysis of the difficulties encountered by the 

preservice teachers during the design process revealed 

that these difficulties were shaped around five 

categories: cutting, gluing, and assembling materials; 

ensuring structural balance, stability, and durability; 

operating, aligning, and mechanically functioning 

of movable parts; ensuring age appropriateness, 

 

 

Fig. 5: Material designed by preservice teacher PT6 

 

balancing tasks, and integrating different functions; 

and maintaining safety and aesthetic integrity. 

 
Table 3: Difficulties encountered by preservice 

teachers during the design process 
 

Difficulties f 

Cutting, gluing, and assembling materials 11 

Ensuring structural balance, stability, and 

durability 

11 

Operating, aligning, and mechanically functioning 

of movable parts 

9 

Ensuring age appropriateness, balancing tasks, and 

integrating different functions 

3 

Maintaining safety and aesthetic integrity 2 

Note. Since a single participant’s responses were coded 

under more than one category, the total frequency exceeds 

the number of participants. 

One of the most common difficulties involved 

cutting, gluing, and assembling materials with 

different characteristics. In particular, the varying 

hardness and surface properties of materials such 

as cardboard, paperboard, plastic, rolls, and rubber 

made the production process more challenging. PT5 

explained this as follows: “The angles between the 

parts, the silicone’s ability to adhere to the plastic 
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surface, and the tension created by the rubber 

bands that bent the body were the most challenging 

parts.” PT7 similarly stated, “The gluing process 

was difficult. I had difficulty cutting because the 

cardboard was hard. Having to redo the work over 

and over again because it did not turn out as expected 

was exhausting.” 

 

Fig. 6: Material designed by preservice teacher PT5 

 

Ensuring structural balance, stability, and 

durability was also identified as a major difficulty 

encountered by many of the preservice teachers. 

Various reinforcements were needed to ensure that 

the products could stand upright, remain intact 

during use, and withstand children’s interactions. PT3 

described the difficulties experienced while designing 

the pyramid as “the pyramid not standing in balance, 

the cardboard not adhering properly, and the surfaces 

not being even.” PT15 stated that “designing the 

figures so that they were both durable and easy for 

children to use” was the most challenging stage. 
 

Fig. 7: Material designed by preservice teacher PT15 

The operation of movable parts, the proper 

alignment of components, and the functioning 

of mechanical systems were mentioned by nine 

participants. PT6 stated, “Synchronizing the rotation 

speed of the propeller with the movement of the 

wheels was difficult,” highlighting the challenge of 

mechanical coordination. Similarly, PT12 stated, 

“Aligning the rods properly and making them movable 

was the most challenging stage.” 
 

Figure 8: Material designed by preservice 

teacher PT12 

For some preservice teachers, the difficulties 

arose not directly from the physical structure of 

the product but from the effort to develop a design 

that was appropriate for children’s age, balanced 

the tasks, and integrated different functions. PT13 

described the most challenging stage as “deciding 

on a balanced and creative game that was different 

and appropriate for children’s age.” Likewise, PT10 

stated that integrating different functions, such as 

storytelling, puzzles, and matching activities, into a 

single box in an aesthetically pleasing and durable 

way was one of the main challenges. 

Maintaining safety and aesthetic integrity was 

mentioned by a smaller number of participants. PT2 

stated that the most challenging aspect was preventing 

the cut edges of plastic bottles from posing a risk to 

children, whereas PT10 indicated that maintaining 

the aesthetic appearance while combining different 

sections into a single box was a challenge. 
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Fig. 9: Material designed by preservice teacher PT13 

 

Solutions Developed for the Difficulties 

Encountered 

The analysis of the solutions used by the preservice 

teachers to address the difficulties encountered 

during the design process revealed six categories: 

strengthening and stabilizing the structure; using 

alternative materials or supporting components; 

mechanical adjustment and trial and error; measuring, 

aligning, and precise placement; pedagogical or visual 

redesign; and taking safety precautions. 

Table 4: Solutions used by preservice teachers to 

address the difficulties encountered during the 

design process 
 

Solutions f 

Strengthening and stabilizing the structure 11 

Using alternative materials or supporting 

components 

10 

Mechanical adjustment and trial and error 7 

Measuring, aligning, and precise placement 6 

Pedagogical or visual redesign 2 

Taking safety precautions 1 

Note. Since a single participant’s responses were coded un-

der more than one category, the total frequency exceeds 

the number of participants. 

The most frequently used solution strategy was 

strengthening the physical structure of the product 

and stabilizing its components. The preservice 

teachers increased the amount of adhesive, added 

internal supports, or reinforced the main structure to 

ensure that materials such as cardboard, paperboard, 

plastic, and polystyrene foam maintained their form 

during use. PT3 explained the solutions implemented 

after the pyramid failed to remain balanced and its 

surfaces did not fit together properly by stating, 

“The base was reinforced, the cardboard pieces 

were supported with a generous amount of adhesive, 

and the structure was redesigned after taking 

measurements.” PT15 stated that the problems 

related to the figures not standing upright and the 

durability of the box were solved by using popsicle 

sticks and cardboard supports. 

Using alternative materials or supporting 

components was also a common solution. When the 

initially selected material did not serve its intended 

function, the preservice teachers either replaced 

it with a different material or added supporting 

components to the existing structure. PT12 replaced 

the rods with drinking straws to make the mechanism 

function and stated that the broken polystyrene 

foam was reinforced through more careful cutting 

and additional support. Similarly, PT2 explained 

that when the cardboard did not remain fixed in the 

crocodile’s mouth, an egg carton was used instead, 

and the tube system made from plastic bottles was 

connected using paper towel rolls. 

Mechanical adjustment and trial and error were 

particularly evident in designs involving movable 

parts. The participants repeatedly tested and 

adjusted their systems to solve problems related to 

friction, tension, movement speed, and balance. PT6 

explained this process as follows: 

“When I tightened the rubber band too 

much, the bottle bent, so I adjusted the tension 

of the rubber band according to the stiffness of 

the bottle. I placed small beads between the 

wheels to prevent friction.” (PT6) 

Similarly, PT10 stated that friction was reduced 

by using holes of appropriate diameters to facilitate 

the movement of the rotating rods. 

Measuring, aligning, and precise placement were 

used to ensure that the components fit together 

properly, the movable systems functioned correctly, 

and the overall structural integrity of the product was 

maintained. PT11 explained this process by stating, 
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Fig. 10: Material designed by preservice teacher PT11 

 

“The cardboard walls were secured after taking 

measurements to align the internal compartments of 

the box with the holes on the outer surface.” PT16 

stated that when producing multiple square shapes, 

the first piece of cardboard prepared was used as a 

template, and the remaining pieces were drawn using 

this template. 

A smaller number of preservice teachers addressed 

the difficulties by redesigning the pedagogical or 

visual aspects of their materials. PT1 stated that 

different games were recalled and used as inspiration 

to create an age-appropriate and educational game. 

PT4 explained that the confusion between symbols 

and the difficulty of matching them were addressed 

by using larger and more distinctive symbols: 

“I experienced confusion between the symbols 

and difficulty in matching them. I tried to 

solve this problem by using larger and more 

distinctive symbols.” (PT4) 

Taking safety precautions was mentioned only 

by PT2, who stated that the cut edges of the plastic 

bottles were covered with tape to prevent them from 

causing injury to children. 

Perceived Developmental Domains 

Supported by the Designed Materials 

The analysis of the developmental domains that 

the preservice teachers perceived their designed 

materials to support revealed four categories: 

cognitive development, motor development, social-

emotional development, and language development. 

Table 5: Perceived developmental domains 

supported by the designed materials 

Developmental Domains f 

Cognitive development 16 

Motor development 15 

Social-emotional development 13 

Language development 11 

Note. Since a single participant’s responses were coded un-

der more than one category, the total frequency exceeds 

the number of participants. 

The preservice teachers emphasized that their 

designed materials supported cognitive development 

by promoting attention, matching, classification, 

problem solving, establishing cause-and-effect 

relationships, making predictions, learning number 

and shape concepts, and story creation. PT4 associated 

the cognitive aspect of the designed material with 

children’s exploration and problem-solving processes: 

“The child explores and uses different materials. 

Produces different solutions to problem situa-

tions.” (PT4) 

Similarly, PT11 stated that the material enabled 

children to organize objects according to their 

different characteristics: 

“Compares, matches, classifies, and orders 

objects according to their various characteris-

tics.” (PT11) 

Motor development was the second developmental 

domain most frequently perceived to be supported. 
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Fig. 11: Material designed by preservice teacher 
PT4 

 

The preservice teachers particularly emphasized 

skills such as using fine motor muscles, hand-eye 

coordination, grasping and manipulating objects, 

assembling parts, rotating rods, selecting cards, and 

drawing. PT8 described the developmental domains 

supported by the material as follows: 

“Fine motor development, attention and 

concentration, hand-eye coordination.” (PT8) 

PT5 further described the actions that children 

would perform while using the designed musical 

instrument: 

“Pulls/plucks the strings of the instrument 

with the fingers and grasps the material 

appropriately with the arm.” (PT5) 
 

Fig. 12: Material designed by preservice teacher PT8 

The materials designed to support social-

emotional development emphasized skills such as 

self-expression, developing self-confidence, waiting 

for one’s turn, following rules, communicating 

within a group, and recognizing emotions. PT1 

included opportunities for children’s participation in 

group activities and self-expression in the designed 

material: 

“The child expresses himself/herself in creative 

ways. Develops self-confidence. Participates in 

group activities.” (PT1) 

Similarly, PT16 explained that a special section 

for recognizing emotions was included in the design: 

“The idea emerged to design a box with a game 

involving facial expressions through which chil-

dren could recognize their emotions.” (PT16) 
 

Fig. 13: Material designed by preservice 

teacher PT16 

Language development was addressed through 

skills such as creating and telling stories, describing 

visual images, developing vocabulary, expressing 

feelings and thoughts verbally, and communicating. 

The findings indicated that objectives related to 

language development were particularly evident in 

story-based materials. PT3 explained the function of 

the material in supporting language development as 

follows: 
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“Expresses himself/herself verbally. Creates 

original stories by using imagination. Establishes 

relationships between events.” (PT3) 

PT10 described the material’s contribution to 

language development as “storytelling and vocabulary 

development.” 

Open-Ended Characteristics of the 

Materials 

When the preservice teachers’ views and the designed 

materials were examined together, it was found 

that the materials exhibited different open-ended 

characteristics. 

 
Table 6: Open-ended characteristics of the 

designed materials 

Category f 

Can be used for multiple activities or learning 

purposes 

16 

Enables children to create different products, 

stories, solutions, or forms of play 

15 

Can be adapted to different developmental do-

mains or learning contexts 

15 

Allows the rules, tasks, components, or modes of 

use to be modified 

14 

Note. Since a single participant’s responses were coded un-

der more than one category, the total frequency exceeds 

the number of participants. 

All of the preservice teachers stated that the 

materials they designed could be used for multiple 

activities or learning purposes. These multiple uses 

included story creation, drama, drawing, matching, 

puzzles, concept teaching, free play, and group 

activities. PT1 explained the versatility of the 

material as follows: 

“It is not intended for a single purpose. It can 

be enriched and used for activities such as story 

creation and drama with cards.” (PT1) 

Similarly, PT9 stated that the same material allowed 

children to create different products: 

 
“It offers opportunities for drawing, 

construction, and play. Children can create a 

house, a road, a city, or a tunnel.” (PT9) 

 

 
Fig. 14: Material designed by preservice teacher PT9 

In the preservice teachers’ views, open-endedness 

was most commonly associated with children’s ability 

to create different products, stories, solutions, or 

forms of play. PT3 explained this as follows: 

“Children throw the pyramid two or three times 

and create stories entirely through their own 

imagination based on the themes that appear. 

There is no single correct answer.” (PT3) 

PT6 stated that children could conduct different 

trials using the designed material: 

“When children wind the rubber band more or 

less, they can see for themselves how the speed 

changes through experimentation.” (PT6) 

Similarly, PT15 stated that the design could be 

expanded with different figures and settings: 

“New figures and backgrounds can be added 

to the box. The scene can be transformed into 

different environments such as a forest, the 

sea, or outer space.” (PT15) 

In some materials, open-endedness was explained 

in terms of allowing the rules, tasks, components, 

or modes of use to be modified. PT10 stated that 

different uses were combined within a single design: 

“The material can be used for storytelling, 

color matching, puzzles, drawing, and puppet 

play.” (PT10) 

PT13 explained that the content of the cube 

could be modified as follows: 
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“Different tasks can be added to the faces of the cube 

so that the material can be reused in different activi-

ties.” (PT13) 

Similarly, PT12 stated that the rules of the game 

could be changed by the children: 

“Children can play the game using different 

rules, use different balls, and create their own 

team names.” (PT12) 

In some materials, open-endedness was 

explained in terms of their adaptability to different 

developmental domains or learning contexts. PT16 

described the multifunctional nature of the material 

as follows: 

“Materials are generally designed for a single 

purpose. However, this material is multifunc-

tional and supports different developmental do-

mains at the same time.” (PT16) 

Reasons for Preservice Teachers’ 

Perceptions of Their Materials as Creative 

The analysis revealed that the preservice teachers’ 

reasons for considering their materials creative were 

grouped into five categories: offering multifunction-

ality and different ways of use; creating original com-

binations, forms, or mechanisms; integrating play 

with educational functions; transforming recycled or 

simple materials into functional products; and sup-

porting children’s imagination and active creation. 

 
Table 7. Reasons why preservice teachers 

considered their materials creative 

Reasons for Creativity f 

Offering multifunctionality and different ways of 

use 

15 

Creating original combinations, forms, or 

mechanisms 

14 

Integrating play with educational functions 14 

Transforming recycled or simple materials into 

functional products 

12 

Supporting children’s imagination and active 

creation 

9 

Note. Since a single participant’s responses were coded un-

der more than one category, the total frequency exceeds 

the number of participants. 

The most common reason for considering the 

materials creative was that they offered different 

ways of use and were not limited to a single function. 

The preservice teachers regarded the adaptability of 

the materials to different games, rules, and learning 

purposes as one of the main indicators of creativity. 

PT9 explained this as follows: 

“I think this material is creative because it is 

not limited to a single purpose. Children can 

build many different things with the blocks, and 

the fact that the surface can also be drawn on 

adds creativity to the material.” (PT9) 

Similarly, PT1 associated creativity with designing 

multiple games using a single material and enabling 

children to create different stories. 

Creating original combinations, forms, or 

mechanisms was also mentioned by the majority 

of the preservice teachers. This category included 

combining familiar components in unconventional 

ways, integrating different activities into a single 

product, or developing an original movement 

mechanism. PT6 explained the originality of the 

design as follows: 

“It moves using only a simple rubber-band 

mechanism and wind power without using 

batteries or a motor.” (PT6) 

Integrating play with educational functions also 

emerged as an important reason for considering the 

materials creative. The preservice teachers viewed 

enabling children to learn while having fun and to 

use different skills through play as an indicator of 

creative design. PT14 explained this as follows: 

“This material is creative because it serves 

both play and educational purposes. Children 

both have fun and learn.” (PT14) 

Similarly, PT13 described the creative aspect of 

the material as: 

“It is a gamified material that supports more 

than one developmental domain at the same 

time.” (PT13) 

Transforming recycled or simple materials into 

new and functional products was regarded as another 

important indicator of creativity. The preservice 
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teachers particularly emphasized giving new functions 

to everyday materials such as boxes, bottles, caps, 

cardboard, and rolls. PT8 described the creative 

aspect of the material as: 

“Transforming recycled materials into a 

functional and educational product.” (PT8) 

Likewise, PT12 stated: 

“By transforming a recycled material such as a 

cardboard box into a functional and educational 

game, I both supported recycling and applied 

the principle of finding different uses, which is 

a component of creative thinking.” (PT12) 

Some preservice teachers directly associated 

creativity with children’s use of imagination, 

creating their own products, and taking an active 

role in decision-making throughout the process. PT9 

stated that the material was “creative because it 

allows children to create their own products instead 

of presenting them with a ready-made product.” 

Similarly, PT3 considered allowing children to create 

their own stories without directing them toward a 

single correct answer as a creative feature. PT1’s 

statement, “Children can freely express their 

own imaginary worlds without being confined to 

fixed patterns,” also indicates that creativity was 

associated with children’s autonomy and original 

expression. 

 

 

DISCUSSION, CONCLUSION, AND 

RECOMMENDATIONS 

The findings of the study indicate that the preservice 

teachers viewed the design of open-ended materials 

not merely as the creation of a physical product but as a 

pedagogical design process that considered children’s 

developmental needs, play experiences, and active 

participation. The fact that the design ideas were 

primarily generated based on developmental and 

educational purposes suggests that the preservice 

teachers attempted to transform their theoretical 

knowledge into concrete learning materials. Previous 

research has shown that activities in which preservice 

teachers work directly with loose parts can enhance 

their understanding of children’s play and the 

potential uses of materials, while hands-on material 

development experiences can contribute to their 

ability to apply design knowledge and improve their 

competence in using instructional materials (Bulut 

et al., 2025; Nicholson, 1971; Simoncini & Lasen, 

2021). At the same time, the reinterpretation of 

familiar games, tools, and forms, together with the 

fact that the provided materials directly stimulated 

idea generation for some participants, suggests 

that creativity does not always involve developing 

an entirely new object. The preservice teachers 

combined familiar designs with different functions 

and developed new ways of using materials such as 

bottles, boxes, caps, and rolls by drawing on their 

physical characteristics. This suggests that design 

ideas are not formed solely in advance but that the 

form, texture, and transformability of materials can 

also shape the thinking process. Similarly, the Theory 

of Loose Parts associates creativity with opportunities 

to explore, combine, and reorganize the variety of 

changeable elements available in the environment 

(Nicholson, 1971). 

The changes that the preservice teachers made to 

their initial ideas throughout the process demonstrate 

that material design is not a linear process but rather 

an iterative one. While the most common change 

from the initial design to the final product involved 

adding new sections, components, or functions, 

some preservice teachers modified the form, the 

underlying design idea, or the mechanical structure 

of their products. These changes indicate that the 

initial idea was not regarded as a fixed decision but 

was reconsidered in terms of usability, attractiveness 

for children, functionality, and technical feasibility. 

Experimentation, prototyping, revising designs in 

response to encountered problems, and redesigning 

products are regarded as fundamental components of 

design thinking (Razzouk & Shute, 2012). Likewise, 

hands-on material development experiences have 

been reported to contribute to preservice teachers’ 

ability to transform their design knowledge into 

concrete products and to improve their competence 

in using instructional materials (Bulut et al., 2025). 

From this perspective, the changes observed in the 

present study indicate that the preservice teachers 

evaluated their initial ideas throughout the process 

and refined them into more feasible solutions. 



Sibel Karabekmez : Examining Preservice Preschool Teachers’ Processes of Designing Open-Ended Materials 

International Online Journal of Education and Teaching, ISSN - 2148-225X - Oct - Dec 2026 303 

 

 

 

However, the addition of new sections or functions 

should not automatically be interpreted as an 

improvement in design quality. In some products, 

increasing the number of adult-planned activities 

may have increased structural complexity without 

necessarily strengthening the open-ended character 

of the material. This finding suggests that preservice 

teachers need to evaluate not only whether a material 

functions as intended but also whether each added 

component serves a clear pedagogical purpose and 

preserves flexibility. 

The finding that the most frequently encountered 

difficulties during the design process involved 

cutting, gluing, assembling different materials, 

ensuring durability, and operating movable 

mechanisms indicates that technical challenges 

became particularly evident during production. The 

preservice teachers addressed these difficulties 

by strengthening the structure, adding supporting 

components, using alternative materials, measuring 

and aligning components, and repeatedly testing 

the mechanisms, suggesting that they were able to 

modify their designs according to the nature of the 

difficulties encountered. In this process, limitations 

related to materials and time appear not only to have 

complicated the production process but also to have 

created a need to develop alternative solutions and 

reconsider the use of available resources. Previous 

studies have emphasized that prototyping and 

iteration are important in design thinking not only 

for improving products but also for understanding 

the causes of problems and testing possible solutions 

(Grönman et al., 2025; Razzouk & Shute, 2012). 

From this perspective, the difficulties experienced 

during production appear to have functioned not 

only as obstacles to the design process but also as 

opportunities for problem solving and reflective 

thinking. Nevertheless, the participants’ statements 

also indicate that the process was technically 

demanding. Repeated cutting, gluing, dismantling, 

and rebuilding created additional pressure within 

the 45-minute design period. The effort devoted 

to ensuring balance, durability, and mechanical 

functioning may also have limited the time available 

for considering pedagogical criteria such as age 

appropriateness, accessibility, safety, and the degree 

of open-endedness. Thus, these difficulties provided 

opportunities for problem solving, but they also 

revealed limitations in the participants’ knowledge of 

materials and their ability to balance technical and 

pedagogical requirements. 

In contrast, issues related to age appropriateness, 

safety, accessibility, and aesthetic integrity were 

mentioned less frequently than technical difficulties. 

This may be because physical problems, such as 

cutting, gluing, and the operation of mechanical 

components, were more directly observable during 

the production process. The fact that only one 

participant explicitly referred to a safety-related 

solution does not necessarily indicate that the other 

preservice teachers did not consider safety; however, 

it suggests that safety should become a more visible 

and systematic criterion in design decision-making. 

More critically, the limited explicit attention given to 

sharp edges, small detachable pieces, cleanability, 

durability, and ease of use suggests that some 

participants focused more strongly on completing a 

functional product than on systematically evaluating 

its suitability for young children. Therefore, safety and 

accessibility appear to be areas in which preservice 

teachers need more explicit evaluation criteria 

and guidance. Studies on the use of loose parts in 

educational settings have similarly noted that, in 

addition to providing opportunities for creativity and 

problem solving, these materials present practical 

challenges related to storage, sustainability, and 

implementation conditions (Spencer et al., 2019). 

Therefore, in teacher education, recycled materials 

should be evaluated not only in terms of their 

affordability and potential for reuse but also with 

respect to cleanability, the risk posed by small parts, 

sharp edges, durability, and safe use. 

The preservice teachers most frequently 

associated the materials they designed with 

cognitive development, while also identifying their 

potential to support motor, social-emotional, and 

language development. This finding suggests that 

the preservice teachers viewed the materials not 

as tools serving a single learning outcome but as 

learning resources capable of supporting multiple 

developmental domains. Previous research has 

also indicated that play involving loose parts can 
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provide opportunities for problem solving, symbolic 

thinking, exploring spatial relationships, and 

developing different forms of play (Cankaya et al., 

2023). However, the present study did not involve 

children playing with the designed materials or the 

assessment of developmental outcomes. Therefore, 

the identified developmental domains should not be 

interpreted as demonstrated effects of the materials 

but rather as their pedagogical potential, as reflected 

in the preservice teachers’ explanations and the 

characteristics of the designed materials. Indeed, 

although previous research has reported promising 

associations between loose parts play and cognitive, 

social, and emotional outcomes, the available 

evidence remains insufficient to draw definitive 

conclusions (Gibson et al., 2017). A recent systematic 

review similarly identified positive relationships with 

problem solving, creativity, early academic skills, 

and convergent and divergent thinking, while also 

emphasizing methodological variation and gaps in the 

available evidence (Cankaya et al., 2025). Therefore, 

the developmental domains identified in the present 

study should be interpreted as the preservice 

teachers’ perceptions of the materials’ potential 

rather than as demonstrated developmental effects. 

One of the important findings of the study is that 

the preservice teachers described open-endedness 

in terms of the materials being usable in different 

activities, allowing rules and components to be 

modified, enabling the creation of different products 

and stories, and being adaptable to different 

developmental domains. These characteristics are 

generally consistent with the flexible nature of open-

ended materials, which can be modified and used 

in different ways and assigned different meanings 

(Nicholson, 1971). However, the strong emphasis on 

multifunctionality and serving different educational 

purposes suggests that the conceptual distinction 

between open-endedness and multifunctionality 

should be addressed more explicitly in teacher 

education. A material may be considered 

multifunctional if it incorporates multiple activities 

predetermined by the adult, such as matching, 

puzzles, drawing, or storytelling. In contrast, open-

endedness depends on children’s ability to move 

beyond these intended functions, modify the meaning 

and use of the material, create new rules, and 

produce unexpected outcomes (Gibson et al., 2017; 

Nicholson, 1971). Recent studies also indicate that 

different materials provide different play affordances 

and that unprocessed open-ended materials can 

support more complex and negotiated forms of play 

(Chookah et al., 2024; Nome, 2024). Accordingly, 

the preservice teachers’ positive evaluations of 

their materials should be interpreted cautiously. 

Identifying several intended activities does not, by 

itself, demonstrate that a material is genuinely open-

ended. Therefore, the degree of open-endedness of 

materials should be evaluated not only on the basis 

of the functions intended by the designer but also 

in terms of the different forms of play and meanings 

that children develop during actual use. 

A similar distinction was evident in the preservice 

teachers’ reasons for considering their materials 

creative. These reasons were primarily centered 

on multifunctionality, creating original forms or 

mechanisms, integrating play with educational 

purposes, and transforming recycled materials 

into functional products. This finding suggests that 

creativity was conceptualized in terms of both 

originality and usefulness. In contrast, supporting 

children’s imagination and enabling them to create 

their own products were emphasized less frequently 

than the other reasons. This suggests that some 

preservice teachers evaluated creativity primarily in 

terms of the characteristics of the product created by 

the designer, while placing relatively less emphasis on 

the original meanings, rules, and actions that children 

might generate during use. Previous research has also 

indicated that preservice teachers’ positive beliefs 

about creativity are not always reflected to the 

same extent in their practices and that theoretical 

knowledge in teacher education should be supported 

through practical experiences (Ata-Akturk & 

Sevimli-Celik, 2023). A recent review also showed 

that research on creativity and preservice teachers 

remains conceptually dispersed and gives limited 

attention to the specific characteristics of preservice 

teachers (Muñoz-Salinas et al., 2025). In the present 

study, the relatively limited emphasis on children’s 

imagination and decision-making suggests that 

some participants understood creativity primarily 
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as a characteristic of the product designed by the 

adult rather than as a possibility that the material 

could provide for children. This finding reveals an 

important distinction between designing a product 

that appears original and designing a material that 

creates opportunities for children’s creative action. 

When the findings are considered as a whole, 

the open-ended material design task appears to 

have made visible the preservice teachers’ processes 

of establishing pedagogical purposes, transforming 

available materials, solving technical problems, 

and reconsidering their initial ideas. Rather than 

following a fixed process in which an initial idea was 

directly transformed into a final product, the design 

process emerged as a dynamic learning experience 

involving addition, modification, experimentation, 

and redesign. At the same time, the process revealed 

several areas requiring further support. The preservice 

teachers frequently struggled with material assembly, 

durability, balance, and mechanical functioning; 

safety and accessibility received relatively limited 

attention; and open-endedness was sometimes 

equated with the inclusion of multiple adult-designed 

functions. These findings indicate that the task 

was not only a positive design experience but also 

a process that revealed technical, conceptual, and 

pedagogical limitations. However, the fact that the 

preservice teachers evaluated open-endedness and 

creativity primarily in terms of the multifunctionality 

and physical characteristics of the products suggests 

that the child’s role as a decision-maker, meaning-

maker, and active contributor to the direction of play 

should be made more explicit in teacher education. 

Based on these findings, it is recommended that 

material development activities in teacher education 

programs should not be based solely on the evaluation 

of the final product. Preservice teachers may be 

asked to prepare design journals or process portfolios 

documenting their initial ideas, unsuccessful attempts, 

the difficulties they encountered, the changes they 

made, and the reasons for those changes. Design 

tasks may be structured to include the development 

of an initial prototype, obtaining peer or expert 

feedback, testing the material with children under 

appropriate conditions, and redesigning it based on 

the observations obtained. In addition to appearance 

and multifunctionality, assessment criteria may also 

include dimensions such as children’s autonomy, 

openness to different meanings and forms of play, age 

appropriateness, safety, durability, accessibility, and 

cost-effectiveness. Such an approach may support 

preservice teachers in considering technical and 

pedagogical decisions together. 

The transferability of the findings is limited 

by the fact that the study was conducted with 16 

preservice teachers from a single university, using 

a common pool of materials and a 45-minute design 

period. In addition, the developmental domains and 

open-ended characteristics were identified on the 

basis of the preservice teachers’ explanations and 

an examination of the designed materials rather 

than observations of children using the materials. 

Therefore, the findings should not be interpreted 

as evidence of the actual effects of the designed 

materials on children’s development. Future studies 

may include larger groups of participants from 

different universities, and the design process may be 

examined in greater detail through video recordings, 

observations, and think-aloud techniques. The effects 

of different time allocations, material diversity, and 

design instructions on the resulting products may 

also be compared. Furthermore, by observing how 

children use the designed materials, future research 

may examine the similarities and differences between 

the ways in which preservice teachers anticipated the 

materials would be used and the forms of play, rules, 

and meanings that children actually create. 
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