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ABSTRACT 
The purpose of this master's study pilot research project is to develop a framework for evaluating object 

attachment in a digital space. The article examines product design development through a game studies 

lens, making use of cross-disciplinary references. It seeks to fill a research gap by investigating the 

effectiveness of digital user engagement with object attachment via the research question, 'How can 

digital interaction be utilized to evaluate object attachment?' The study investigates the usefulness of a 

virtual environment in assessing user attachment to objects in a digital space, through a prototype 

experience and personalized interviews. Notes and data from the play experience were triangulated with 

qualitative data from interviews, to provide an analysis of opinions on object attachment inside the 

designated virtual environment. The aim of this pilot research project is to prepare for further studies of 

novel, inventive, and alternative methodologies for investigating user opinions of designers' and 

engineers' works. The discussion elaborates on the flexibility for educators to apply other design theories 

to such a framework. Finally, the study will examine the benefits and applications of this preliminary 

framework for students and educators of product design in a sustainable and collaborative context.  
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1 INTRODUCTION: DIGITAL INTERACTION AND OBJECT ATTACHMENT 

Attachment is pivotal to product designers, as understanding how users become attached to a product 

will help designers develop emotional experiences with the product [1]. Designers have been utilising 

and experimenting with VR, games, and real-time experiences as the technology behind them have 

grown over time. User-object attachment has been a constant subject of multidisciplinary discourse, 

from psychologists to consumer researchers. The research question was inspired by recent studies on 

digital object attachment [2], emotional attachment to characters in games [3], and attachment to virtual 

possessions in games [4]. There has been little research on exploring the effectiveness of digital user 

interaction with object attachment. This study aims to investigate this missing link through the research 

question, ‘How can digital interaction be used to evaluate object attachment?’ Exploring this 

framework would be beneficial research for the education sector to  explore the efficacy of a game-

based, real-time prototype. Game elements and virtual learning environments in education have grown 

in use over the years, as newer generations of students come into schools with preconceived knowledge 

on how to interact with the medium[5],[6]. This study helps enable students and teachers to evaluate 

user opinions on designs through an emergent method, in an under-represented lens within product 

design. 

1.1 What makes the framework novel? 
There has been an increasing trend of product design research heading into the realm of VR. Whilst VR 

is an effective and immersive tool, the proposed framework exists within a game’s engine - a ‘platform 

tool’[7] - rather than a specific medium of hardware. The game engine is malleable, and the framework 

proposed can be edited to suit a designer's or researcher’s needs, including incorporating the use of VR. 

By developing this abstract framework within the platform tool, the framework becomes more 

accessible and affordable to both designers and users, shedding the need of specific or expensive 

hardware or increased technical knowledge. Game engines have also begun to be used - and proven to 

be effective - for early design ideation, such as lighting in the automotive industry [8]. The framework 
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highlights the phenomenological experience of the user, and the design of the virtual environment 

through a gamified lens. Finally, the framework centres the user’s attachment to a product, rather than 

focusing on how a user responds to a specific aesthetic quality, such as the recent study on product form 

design by Xing Lu and Suixian Yang[9].  

2 GAME STUDIES: THE PLAYER EXPERIENCE 

To enhance a game design perspective, this question is seen through the lens of game studies. One 

approach can be to explore retention mechanics in simulation games. Simulation games themselves offer 

a sandbox with little to no end goal, allowing the user to play and experiment as they desire [10]. These 

types of games, ones that offer the player interaction with key systems, yet with no enforced goal, allow 

players to express themselves fully and provide them with the widest variety of options [10]. By creating 

a non-linear digital environment for users to interact with, their experiences will differ per play-through, 

as will the perception of these experiences per player [11]. By acknowledging that each player may have 

a completely different experience within the open prototype, it can be a research aim to prepare data 

collection that would be constant. What interactions and mechanics will a player certainly perform, and 

how is it possible to track them? 

2.1 Sustainable Innovation Through Digitization and Digitalization 
An open-ended simulation could be considered as ‘half-real’ [12], incorporating a form of reality - the 

physical objects that the digital ones are based on. Utilising this framework could be more sustainable 

for designers developing physical-based products, particularly if those materials are expensive, pollutive 

or difficult to manufacture [13]. A digitized version could be prototyped and interacted with, allowing 

users to explore the product digitally, but with parameters that would simulate the physical world. This 

digital prototyping process can be more fast, iterative, and customizable than its physical counterpart - 

products can be edited in 3D modelling software or even within the game’s engine in less time. This is 

becoming more frequent in select industries, even becoming a customer-facing service within certain 

fashion businesses [14]. The fact that this prototype can be replicated physically can showcase to 

students the effects of digitalisation. showcase how a digital framework can be more sustainable from a 

manufacturing, social, and iterative view. 

3 METHODOLOGIES 

3.1 Abstraction: Designing Objects And The Environment 
‘Digital objects’ can be a broad term. Work has already been done in differentiating digital object types, 

[2] but for the sake of this prototype, the digital objects in this study was simulated physics shapes. The 

design of the environment can prompt the user to explore the physics and materials of the object, through 

various lighting scenarios and forms. The approach was to develop an abstract prototype, as this reduced 

costs and time - the prototype only took two days to create. An ‘Abstract Prototyping’ methodology 

allows one to examine how the framework may be developed and changed for the future, but it’s also 

easier to present and evaluate key concepts[15]. This led the object designs to be simple primitive 

shapes, with different materials assigned to them, which reacted differently to the lighting in the 

environment.  

3.2 Multimethod Research 
Through using multimethod qualitative research [16], this pilot study conducted a usability test in the 

form of a digital prototype, followed by an in-depth interview. The prototype also collected a small 

amount of quantifiable data which then enabled the interviewer to ask customised questions. This 

method was chosen as the data sets could be easily triangulated to evaluate the effectiveness of the 

prototype framework. The research was conducted through a phenomenological lens, due to the concept 

of phenomenology, and the uniqueness of the player’s experience being so intertwined [17]. Four users 

in total took part in the study, and their personal data was anonymised. Users were aged 22-31, with 

varying degrees of gameplay experience, yet all knew at least how to navigate in a digital, first-person 

environment.  
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Figure 1. The layout of the prototype environment 

3.2.1 Prototype Usability Test 

First, the user played a prototype experience. The prototype was designed in Unreal Engine, and 

incorporated a sandbox-style playground, with a row of interactive objects in the centre [Figure 1]. These 

objects were able to simulate physics and responded when the player picked them up with the mouse 

button. They could be held, moved around and placed within the level. Before they began, each user 

was told that they must focus on and examine the objects in the space and do whatever actions they want 

to them. In Fig.1, there is a red zone; The users were told they could dispose of the objects if they would 

like to, and the objects would be removed from the level. They were finally told that this experience is 

a sandbox with no end goal. They were then free to play the experience. After they confirmed that they 

had examined each object comfortably, they could finish. Two sets of data were collected during this 

test - Observation notes made whilst users were playing the experience, and in-engine data collected 

afterwards. The in-engine data showed how many times users picked up each object, what time they 

spent in proximity to each object, and what areas of the level they spent the most time in.  

3.2.2 In-depth Interview 
During the interview, initial questions were asked to each user, starting with them ranking which objects 

they felt attached to, from most to least. After that, they were asked to elaborate on their reasons why. 

They were then asked about their thoughts on areas in the level, and then their thoughts on the amount 

of time they spent with each object. The small subset of quantifiable data from the play experience, 

combined with the notes made whilst the user was with the prototype, formed a background to ask more 

custom questions in the interview stage afterwards, such as, ‘Why do you feel you spent the most time 

near this object/area?’ The interview data was triangulated with the two sets of usability test data to 

evaluate the user’s attachment to the digital objects.  

4 RESULTS 
The abstract prototype software ran successfully with no errors for each participant. Each participant 

was observed examining the objects and the play space, and due to the non-linear design, were able to 

express themselves in various ways. Common themes were found amongst each participant during the 

usability test - each participant gave themselves a goal to perform in the sandbox. It ranged from building 

a structure, to placing objects into areas they felt belonged the most. Users tended to explore how the 

physics of the object interacted with the environment, yet that may not have been the most important 

factor for some when it came to ranking the objects they felt most attached to. When asked to rank how 

attached they are to the objects, each participant put the cylinder last, but for different reasons. Some 

said that they didn’t like how it reacted with the environment, whilst others didn’t like the colour of the 

material. Three out of four users ranked the cone as the item they’re most attached to. When asked to 

elaborate, users had different reasons, ranging from they liked how the object moved when picking it 

up, to the colour of the object being their favourite. In every single case, the objects that the users spent 

the most time in proximity to was not their highest-ranked choice. When looking at data on how often 

users picked up each object, it did not correlate to the object that they were most attached to. However, 

participants tended to pick up the object they had ranked last the least. By asking customized questions, 

users stated that they appreciated different areas of the level according to their personal preference and 

if those areas helped enable their own set goal. For example, one user wanted to build a structure using 

all of the objects and chose to do that in the spotlight zone due to it having a podium and interesting 
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lighting. Two users disposed of objects, with one user disposing of four out of the five objects during 

their play session. When the user was asked why they disposed of so many objects, they stated they 

wanted to see what would happen. Even when told that this digital environment was a sandbox, due to 

being an experienced gamer, they wondered if disposing of the objects would solve a puzzle or change 

the objects in some way. Each participant spent at least 3 minutes minimum in the virtual environment 

until they felt comfortable that they had examined each object.  

5 DISCUSSIONS AND REFLECTIONS 

5.1 Key Findings: object attachment through experiences in a digital sandbox 

From the in-depth interviews and observations in usability tests, players developed their own non-linear 

methods of experimenting with the objects in the play space. Through their preferences, users tested the 

object using the mechanics of the environment, and the tools given to them. Although abstracted, users 

had enough elements to interact with the object through their preferred methods of observation. Players 

trended towards viewing the objects that they were most attached to through either a haptic or aesthetic 

lens - focusing on how the object looked, or how the object responded to their inputs. No objects made 

any audio output or were deformed when thrown. By providing users with agency in a digital sandbox, 

they were able to comfortably explore objects through their unique lens of player experience. Although 

they may have had different reasons for their rankings, participants’ objects that they were most and 

least attached to were almost exact, with one deviation. The user’s previous experience with gamified 

experiences influenced how they approached the task, with one user attempting to break the sandbox 

with the objects to ‘find a hidden door’. Another user, who has less gameplay experience, tended to 

struggle picking the items up, and approached the examination with a more hands-off concept - by 

placing items where they felt they fit aesthetically in the environment, not considering the physics of the 

objects at all. The small amount of quantifiable data gathered was certainly helpful in questioning and 

exploring player choices, such as asking why they picked up an object so many times if it wasn’t the 

one they were the most attached to. This has been noted by studies on product attachment - that just 

because a user engages with products and is positively stimulated by them, does not mean that they will 

become attached to them [1]. 

5.2 Using design tools for triangulation: Kansei Engineering 
As the design of the virtual environment is abstracted, it is possible to apply various design tools such 

as Kansei engineering, for triangulation depending on what data we would like to adjust and gather. 

Kansei engineering is a process that aims to centre the targeted user’s thoughts and feelings into the 

design of a product [18]. The process has an overlap with games design, as the core premise of designing 

games is requiring a user’s interaction with a system, and focusing on how they respond to the product 

[19]. It is therefore possible to apply Kansei engineering to deconstruct user’s thoughts and feelings and 

categorize them accordingly. Such a method was used by X. Liu and S. Yang when exploring product 

form with VR models [9], although in a more quantitative way. They created quick-form questionnaires 

after a user has reviewed a 3D model virtually and utilized that data as part of a Kansei engineering 

exploration. It is possible to explore a similar approach with the proposed pilot study, to gather 

qualitative data such as a user’s thoughts and feelings during the process due to the gamified nature of 

the framework.  

5.3 Promoting Global Cross-Disciplinary Collaboration In User-Focused Design 
Broadly speaking, digitization is recognised to be very important in many countries. It offers ways that 

countries can collaborate with each other in a faster and easier fashion than they have previously [22]. 

Digital  objects can be transferred faster and more sustainably than their physical counterparts, allowing 

global collaboration on digitized designs of their products. By utilizing a digital prototype, it is possible 

to promote a faster, easier and more sustainable method of collaborating. Students can be encouraged to 

work with other countries and disciplines as the framework can be edited to suit more specific needs, 

such as examining a user’s attachment to a certain material of the object, or how the object responds 

audibly. The issue with digitalisation is that a baseline of equipment is needed to contribute, and 

marginalized regions may not be able to provide those specific needs. It may also be easier to find 

specific users to interact with the framework as the entire process can be performed digitally, with the 

researcher examining the gameplay through screen-sharing tools. Users would need specific equipment 
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that allows the prototype to be played. This framework can promote environmental sustainability when 

collaborating, as it removes the needs for users, researchers or designers to travel geographically [23]. 

5.4 Educating Newer Generations 
In regard to education, this form of methodology would be useful in showcasing how the gamification 

of usability tests lends a unique insight into object attachment. Students may want to examine this 

methodology due to its ‘gamified’ lens and would be able to easily grasp concepts due to their pre-

conceived experience with a virtualised culture [20]. As game design can be a unique and emergent 

medium within product design, students may want to experiment with a different design lens than they 

are used to. However, due to the abstracted nature of the prototype, other design theories could be 

applied, such as Kansei engineering. Educators can showcase new, unique, and relevant product design 

processes that tackle rapid prototyping development and consumer-orientated innovation which are 

important for companies to produce [21]. 

5.5 Limitations 
Whilst four participants felt like an adequate amount for such a qualitative pilot study, there wasn’t a 

diverse range of age and previous gameplay experience. The one user that had less gameplay experience 

interacted in a radically different way from the others, as noted in the results. Previous game experience 

can have a large effect on how the user interacts with the object in a digital space, and this should be 

investigated within further studies. Utilizing quantitative data was very beneficial for asking in-depth 

interview questions, and whilst there wasn’t a lot of correlation between the in-engine data and ranking 

of object attachment, this could be explored in a wider-scale study. Deploying and researching the use 

of emergent media such as game engines within prototyping and product design is under-represented, 

due to the multidisciplinary nature of games studies itself. Further research is needed on exploring 

product design through a game’s studies lens. There is a lack of research measuring whether user 

attachment to a physical object and their digital counterparts are identical which should be explored in 

further studies, although it has been found that virtual products are more effective at communicating a 

product than text or image, inside VR, and viewing 3D models through a desktop [9], [21]. 

6 CONCLUSIONS 

The findings from this study can influence methods of evaluating user object attachment, through a new, 

emergent and underrepresented lens. Each user’s play experience with objects will be unique when 

presented in a non-linear digital environment. The findings show that users may set their own goals if 

presented with none, when given a task of examining objects. The study demonstrates that by using a 

game engine, (or other real-time digital environment) it is possible to measure effective parameters 

which would not be equally feasible in a physical space. This can help to open the field up for future 

quantitative studies or enable researchers to go more in-depth with their qualitative research. The data 

indicates that object attachment can be evaluated in a digital space, particularly when triangulating 

qualitative data. This framework has supplied an example of how it may be used in an educational 

context, by providing a new abstracted framework that designers can establish their products within. 

Educators can also explore and evaluate digital interaction with their students through this prototype, 

from a new perspective. They may also be able to apply product design methodologies and other design 

theories on top of the prototype to teach and discuss them in a new fashion. Additionally, the framework 

has showcased how it can be used to promote a more sustainable method of prototyping and researching 

object attachment. The findings of this paper suggest that developing a virtual environment for digital 

interaction can be transformative and customizable according to a designer's needs, and as this 

methodology was abstracted, it should be clearer how a designer can do so. The amount of varied data 

collected shows that placing players in a gamified digital prototype environment can be an effective way 

to measure object attachment, as users are encouraged to explore and play with designs. This pilot study 

on exploring a methodology through an underrepresented lens provided valuable new insight into the 

potential future of prototyping and evaluating object attachment. 
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