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INTRODUCTION 
 
BACKGROUND 
Hello! We are five occupational therapy students and one design student working under 
the team name, Team Empowerangers. We were provided with a brief that stated that we 
were to design a product that would aid an individual in walking his dog. This man’s name 
was John, who is an electric wheelchair user and quadruple amputee. His dog’s name is 
Lola, who is a 30 week year old Golden Doodle that loves to take walks! 

 
OBJECTIVE 
Currently, John has difficulty attaching, detaching, and using a traditional leash and 
harness. He wants to independently and safely walk his dog Lola around the 
neighbourhood.  
 
The objective of the project was to create a design solution using the British Design 
Council’s ‘Double Diamond’ iterative design model. The model is divided 
into four distinct phases namely: discover, define, develop and deliver (Design Council UK, 
2005). The structure is also simple with two squares at an angle. The diamond on the left 
represents the research phase while the diamond on the right is the design phase (Design 
Council UK, 2005). The Double Diamond design process 
encouraged our team to work synergistically and allowed us to manage our time 
effectively. 
 

DESIGN FOCUS AREAS 
● Harness  
● Harness Connections (mechanisms)  
● Retractable lead 
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● We had multiple areas of complexities such as: 
○ Putting the harness on the dog 
○ Connecting the harness to the lead 
○ Holding the lead 
○ Control mechanism for the mechanical lead 

 
 

DESIGN JOURNEY 
 
MEETING OUR NEED-KNOWER JOHN 
During our first class session with John in Week 2 we discovered John’s great sense of 
humour and laid-back personality. John’s demeanor instantly made the team members 
feel at ease and comfortable asking him questions about his Activities of Daily Living 
(ADLs) related to his home life as well as during dog-walking outings in the park near his 
house. During this meeting, our team discovered that John is a quadruple amputee and 
electric wheelchair user, as well as a disability spokesperson and design inclusivity 
advocate. John also demonstrated to us the adaptability of his wheelchair, showing us how 
the seat of the wheelchair elevates to the height of a bar, allowing John to serve himself a 
glass of wine. During the early stages of the design process in the discover stage, our team 
created a journey map of John’s daily life, covering the process of preparing his dog Lola 
for a walk (including attaching and detaching Lola to the lead, storing the lead, and 
entering and leaving John’s property with Lola on the lead to head to the park). This 
Journey mapping exercise allowed our team to identify the user’s pain and gain points (or 
obstacles and successes), as he engages in the activity of walking his dog. During the latter 
stages of the design process in the define stage, specifically, during the brainstorming stage 
of ideation, our team arrived at two critical user requirements for our design solution: 
safety and ease of use. These two user requirements served as non-negotiables, which 
would frame every design decision made over the course of the DFM project.  
 

PRIMARY RESEARCH: CONTEXTUAL ENQUIRY 
In week three, four of our team members went to John’s home to meet Lola and John’s 
partner Deb. In design terms, this visit served as a contextual enquiry— a user-centered 
design methodology employed to learn about the user by observing their daily activities 
and interviewing them with regards to the interactions and artifacts that are relevant to 
the scope of a project. This was a great opportunity to learn about how John and his 
partner Deb use the existing dog walking equipment that they purchased for previous pets 
and had kept, which included a traditional dog collar and lead. During this visit, it was also 
noted that John has a carer who is responsible for sharing the responsibility of walking 
Lola with his partner Deb (with the carer walking Lola in the morning and Deb walking 
Lola in the afternoon). Moreover, during the visit, the team experimented with a harness 
that John and Deb used with their previous dog, by using it on Lola and observing how she 
interacted with John when wearing it. During the visit, it was also observed that John was 
able to attach the dog lead to the right side of his wheelchair (to the joystick steering 
mechanism), once it was attached to Lola.  
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Whilst at the house, we also looked at adaptive equipment that John currently uses. For 
example, John proudly demonstrated to the team his ‘Ampathy Stick’, a manual grabbing 
tool created by a team as part of a previous TOM project. This tool is comprised of a loop 
attached to a pickup stick, which allows John to pull the loop, and thus, control the grip of 
the claw of the stick. John used the cup on the stick to place his arm to stabilize the stick 
whilst pulling the loop (see pictures below). John stated that he found this incredibly useful 
when dropping things from his chair and reaching for objects. 
 
 

 
John with Lola on the existing lead his carer and partner, Deb, use to walk the dog. 
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John demonstrating how the loop of the lead                  John’s partner Deb demonstrating how she  
could be attached to a component of his wheelchair.    attaches the harness to Lola.  
 
 

 
Lola with the current dog harness and lead system that John and his partner Deb use.  
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Lola on the ramp system that John’s        John travelling up one of the ramps in his  
neighbour constructed for the backyard area.        wheelchair onto the main deck area. 
 

    
John demonstrating ‘The Ampathy Stick’ grabbing              John demonstrating how he uses the loop on 
tool, a previous TOM team designed for him.  ‘The Ampathy Stick’ to control the opening   

  mechanism.  
 

   
The opening (grab) end of ‘The Ampathy’ stick.            Lola following training instructions  

      provided by John (to sit).   
 
 
Primary research also entailed conducting stakeholder interviews with an industry expert, 
(i.e. a dog trainer), who provided our team with specialist knowledge regarding dog 
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breeds, how dog owners are recommended to interact with dogs (and vice versa) and 
about the most effective and humane equipment for dog walking, with an emphasis on 
preventing pulling on the lead. This information was valuable, as it helped to pinpoint the 
nuances of Lola’s dog breed (Golden Doodle), including the breed’s behavioural patterns 
and expected developmental growth. This information would inform the style, features 
and sizing requirements of the harness we developed for the design solution, as well as the 
strength of the lead.   
 

COMPLEXITIES 
Lola: Throughout the design process, we discovered that the complexities we were dealing 
with were the unpredictable nature of both: Lola’s growth and Lola’s ability to follow 
directions. John also noted to the team that he and Deb currently employ a dog trainer, 
albeit, he admitted that they both found the homework to be difficult to fit into their busy 
schedules. These insights were factors that the team knew that we needed to remember 
over the course of the project, as both had the potential to influence (or change) the dog’s 
behaviour around John (and arguably, vice versa), and therefore, the overall interactions 
between John, Lola, and the dog walking equipment.  
 
The wheelchair: John also informed the team that he is currently in the process of getting 
a new electric wheelchair.  
 

DESIGN CONSIDERATIONS 
● User ergonomics and existing behaviour 
● Lola’s weight, behaviour and future growth 
● Wheelchair specifications (see: page 8)  
● Context-of-use (adaptability to varying contexts-of-use) 
● Prototyping Materials  
● Materials Cost 
● Stakeholder Involvement (John’s Partner Deb and Employed Carer)  
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WHEELCHAIR SPECIFICATIONS: QUICKIE QM-710 
 

 
   An image from the Quickie QM-710/715HD/720 Owner’s Manual (“Quickie QM-710/715HD/720 Owner’s 
Manual,” n.d.) 
 
 
It was important for our team to understand the components of John’s mechanized wheelchair 
(Quickie QM-710), as different wheelchair models contain different functional components and 
terminology classification. Although John’s wheelchair does not contain all of the above parts 
(i.e. John’s chair does not have the footplate and contains a different armrest to the one 
pictured above, see: fig. 12), this image served as a reasonable reference point throughout the 
design process.  
 
The specifications that were relevant to our team’s design process included factors relating to 
the weight of the chair (in lbs): the SC model (complete chair) weight is 350 lbs, and (without 
batteries) is 260 lbs (“Quickie QM-710/715HD/720 Owner’s Manual,” n.d.). This information is 
important, as the weight of the chair serves as a counter-force to the pull (strength) of Lola, 
when the dog is attached to the lead (fastened to the wheelchair). It was also important for us 
to measure the armrest specifications, as this area ended up serving as the area in which the 
lead system is connected to the wheelchair. Furthermore, the placement of the retractable lead 
system was selected to be located on the opposite side of the wheelchair to the controls 
(including the joystick), as there was more space for the design to be located in this area, and 
additionally John felt that it would be easier for him, if the controls of the wheelchair were in a 
separate location, to the lead controls. The armrest specifications of the Quickie QM-710 (SC 
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model) include: a 14 inch Cantilever, and a height adjustable 14 inch arm pad (armrest) 
(“Quickie QM-710/715HD/720 Owner’s Manual,” n.d.). 
 

 
The armrest of John’s wheelchair is different in comparison to the armrest pictured in the Quickie 
QM-710 manual (i.e. John’s lower cushioned bar is flat, as opposed to the pictured curved one displayed 
in the manual).  
 

THE ROLE OF HUMAN-CENTERED DESIGN (HCD) IN OUR DESIGN PROCESS  
 
An insightful article by accessibility researcher Richard E. Ladner titled ‘Design for User 
Empowerment’ speaks to the importance of Human-Centered Design (HCD) in designing 
products for people with disabilities. According to Ladner (2015), HCD is critical in the context 
of designing for people with disabilities, as their abilities are often not well understood by 
designers (Ladner, 2015). In the article, the author attests that when people with disabilities 
contribute to all aspects of the design process (rather than solely as participants), the user 
engagement, in Ladner’s terms, may be referred to as design for user empowerment (Ladner, 
2015). Following Ladner’s conceptualization of design for user empowerment, the user is 
involved in all of the following phases of design: design with users, prototype with users, test 
with users, and analyze with users (Ladner, 2015).   
 
If we are to consider our teams’ co-design process with the user John through Ladner’s framing 
of the design process, our team engaged the design process of Participatory Design, as a process 
entailing the following phases of design: design with users, prototype, test with users, and 
analyze (Ladner, 2015). Furthermore, since John did not actively engage in the prototyping 
phase of our design process, Ladner would argue that we did not follow the design for user 
empowerment design process. Nonetheless, Ladner’s framing of the design processes is useful 
to consider for future projects, as it suggests that the user play an active role in prototyping as 
well (a stage of the design process often solely the responsibility of the designer).  
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Ladner provides an overview of the key criteria provided by the ISO (International 
Organization for Standardization) regarding ‘Human-Centered Design for interactive 
systems’ (ISO 9241-210:2010; Ladner, 2015): 
 

● “The design is based upon an explicit understanding of users, tasks, and 
environments. 

● Users are involved throughout design and development. 
● The design is driven and refined by user-centered evaluation. 
● The process is iterative. 
● The design addresses the whole user experience. 
● The design team includes multidisciplinary skills and perspectives.” 

  
These principles, according to Ladner, are particularly useful when considering designing 
for people with disabilities using the universal design approach—  a design approach that 
permits; “a great diversity of users, particularly those with disabilities, the ability to use a 
system” (Ladner, 2015). Ladner’s consideration of The ISO’s ‘HCD for interactive systems’ is 
relevant to our project, as our team’s design process reflected many, if not all, of the 
aforementioned principles.  
 
We conducted research to best understand our user, his tasks and the environment(s) that 
would be relevant/impacted to the design solution. We involved John throughout the 
design process. User-centered evaluation was conducted over multiple stages of the design 
process (in user testing sessions), during which we asked for John’s feedback and criticism, 
how he felt utilizing the design solution, and what he felt were the greatest challenges 
whilst using the design solution. The design addressed the whole user experience, 
including John’s at-home experience, his at-park experience, and stakeholder 
considerations pertaining to John’s daily dog walking activities (i.e. his carer, his partner 
Deb and their dog trainer). Lastly, the team reflected a multidisciplinary skillset, as team 
members joined from the field of Occupational Therapy and Industrial Design.   
 
Ladner argues that the strongest form of Human-Centered Design is design for user 
empowerment (Ladner, 2015). Although our project did not engage our user directly in 
prototyping (a critical aspect of user empowerment), Ladner’s writing on HCD for 
interactive systems is valuable to consider in the context of our team’s process, as it 
exemplifies the process that we employed throughout the TOM project. Our design process 
entailed a collaborative involvement between the team and the user (designing with), 
rather than a process in which the team work independently from and/or separate to, the 
user (designing for; Ladner, 2015). 
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DEFINE 
Through our initial meeting with John and contextual inquiry, our team established a 
Point of View (POV) statement, a How Might We (HMW) statement, and a set of 
non-negotiables in terms of user requirements: safety, ease-of-use and independence. 
 

POINT-OF-VIEW (POV) STATEMENT 
John, an electric wheelchair user who recently underwent quadruple amputation, needs a 
way to walk his dog Lola— independently and safely. 
 

HOW MIGHT WE…? (HMW) STATEMENT 
How might we enable John, an electric wheelchair user who recently underwent 
quadruple amputation, to independently and safely walk his dog? (because currently he 
currently unable to attach the leash onto the collar) 

 
SECONDARY RESEARCH 
During the first three weeks of the project, our team conducted secondary research, which 
has been defined as; “[...] the collection, synthesis, and a summary of existing research” 
(Stickdorn, Hormess, Lawrence, & Schneider, 2018), with a focus on ergonomic and human 
factors considerations of people with multiple limb loss and quadruple limb loss, such as: 
mobility and dexterity, stump usage, mechanized wheelchair usage, carer information, as 
well as user short-cuts and/or use of adaptive equipment in their daily life.  
 
An article by Paul Pasquina and colleagues titled ‘Special Considerations for Multiple Limb 
Amputation’ provided valuable insight into the lives of people with multiple limb loss, an 
area of research that our team found to be less prevalent in comparison to literature on 
people with singular limb loss. One subheading of the article titled ‘Behavioral Health 
Considerations’ provided our team with knowledge regarding the emotional impact of 
multiple limb loss on amputees;  
 
“Behavioral health complication is a well-known phenomenon in persons who undergo 
limb amputation, especially those with multiple limb loss. Amputation imposes significant 
changes across multiple domains including function, comfort, and body image, which may 
have significant negative longstanding emotional consequences” (Pasquina et al. 2014, p. 
278-279).   
 
To further emphasize the emotional impact of multiple limb loss on a person, the authors 
reference researchers Howard Belon and Diane Vigoda, who write: “The emotional 
intensity of limb loss has been compared to that of grieving death, as it represents the loss 
of not only bodily integrity but a sense of self” (Belon & Vigoda 2014 cited in Pasquina et al. 
2014, p. 279). This research demonstrating the emotional impact of limb loss on people is 
critical insight, as it covers a facet of amputation that the user John did not address during 
our user interview sessions. The research highlights the need to uphold (or empower) 
John’s sense of self, by providing him with a design solution that permits his 
independence. By providing John with independence in walking his dog, he will be able to 
participate in the same Activities of Daily Living (ADLs) that he participated in prior to 
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amputation. Another subheading of the article titled ‘Wheelchairs, Special Adaptive 
Equipment, and Assistive Technology’ speaks to the importance of enhancing functional 
independence for people with multiple limb loss;  
 
“The reintegration into avocational activities cannot be underestimated. Patients partaking 
in avocational activities develop a sense of community and support with their peers in 
similar rehabilitative situations and can engender a sense of independence and 
self-accomplishment” (Pasquina et al. 2014, p. 286).   
 
This quote demonstrates the role that reintegration into avocational activities (such as dog 
walking), has on people with multiple limb loss. Interestingly, it not only acknowledges 
how such reintegration can foster independence, it also acknowledges how it can foster 
self-accomplishment— a facet of the user experience that our team did not purposefully 
aim to achieve and/or address.   
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COMPETITIVE BENCHMARKING: DOG LEAD SYSTEMS + HARNESSES 
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Our team completed competitive benchmarking in order to familiarize ourselves with 
existing products, systems and services for amputees and related to wheelchair use— in 
relation to dog walking. We also wanted to examine the product landscape to understand 
where the gap(s) in the market were, and to ensure that our design solution offered a 
competitive advantage to the user. During benchmarking, we discovered that there are no 
dog lead systems marketed to people with quadruple limb loss. Furthermore, the majority 
of the products available are marketed to people with single limb loss and/or bilateral 
lower limb loss. This finding demonstrated a gap in the market in products marketed to 
people with multiple limb loss and/or bilateral upper limb loss, as well as people with 
quadruple limb loss.  
 
In reviewing the competitive landscape map (visualization above), which outlines the 
product offerings available on the market, we established a range of products from DIY 
products to commercial products. DIY products included patterns for dog harnesses 
available to download online to ad-hoc material kits that people could put together at 
home (at low-cost) utilizing materials sourced from their local hardware store. 
Commercial products included products that the user can attach to their wheelchair (i.e. 
Bike Tow Leash, The Springer, and Bold Lead Designs leash hook) and products that the user 
can attach to their body and/or limbs (i.e. EzyDog Handy Leash, Liberty wristband, hands 
free bungee systems, and service dog harness and lead systems).  
 
After discussing these products with John, we learned that he had some user preferences 
(likes and dislikes) in relation to the product offerings, including:  
 

● John did not care for lead systems that attached to the torso (waist) of the user, due 
to the difficulty of having to attach and detach the ‘belt’ bands whilst sitting in his 
wheelchair. 

● John voiced the difficulty of using systems that extend horizontally from a bike (or 
wheelchair), such as The Springer and Bike Tow Leash, because they require the 
width to accommodate for: his wheelchair, the system, and his dog Lola. He added 
that narrow pathways, such as his wheelchair ramp at home, would not allow for 
such systems. 

● John noted that although systems such as the Liberty Wristband and EzyDog Handy 
Leash would work temporarily (attached to either of his stumps) as a means of 
applying the dog lead system, he voiced that he would prefer a system that is fixed 
to his wheelchair to avoid him having to hold the lead whilst dog walking.   

● John noted that systems reliant on hooks and/or closures without secure closing 
mechanisms (i.e. Kornell De Viaene’s dog leash system and Bold Lead Designs leash 
hook) would not provide him with the same sense of security (or assurance) that a 
system with a secure closed mechanism would.  
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COMPETITIVE BENCHMARKING: LEAD ATTACHMENT MECHANISMS  
 
Our team also conducted competitive benchmarking on lead and harness attachments (or 
how dog leads are connected to dog collars and dog harnesses). This research primarily 
involved examining existing lead systems and their components at pet supplies retailers 
such as PetZoo and PetBarn, as well as hardware stores such as Bunnings and Mitre 10. 
From this research, we learned that many of the existing dog lead systems (as well as 
collars and car restraints) on the market utilize the following attachment mechanisms 
(pictured below):  
 

1. metallic hook/chrome snap hook 
2. traditional metal belt buckle 
3. zinc die-cast and/or stainless steel D-ring safety lock 
4. plastic buckle clasp (‘click-in’ buckle) 
5. adjustable straps 
6. carabiner (regular and locking)   

 

      
1. metallic hook    2. metal belt buckle          3. zinc plated D-ring 
 

  
4. plastic buckle clasp          5. adjustable straps           6. carabiner   

      (car restraint)  
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We then discussed the different attachment mechanisms with John to determine which 
were suitable (if any) to him. He noted that the traditional metallic hooks were very 
difficult for him to fasten as well as buckle clasps and belt buckles. However, John voiced 
that he found it easy to attach something to a carabiner, however, detaching something 
from a carabiner, he found to be difficult. This insight led our team to experiment with 
developing attachment mechanisms similar to that of a carabiner, albeit, with the 
detaching process more user-friendly.   
 
 
Another insight was established when our team did early user testing with John to observe 
him attaching and detaching a range of attachment mechanisms. In observing John, it 
became evident that attachment mechanisms that are stable (fixed) to a surface provide 
for a more efficient user-experience of attaching components. For example, John struggled 
slightly when clipping attachments to D-rings using his stumps, as the D-rings tend to move 
back and fourth (side-to-side) on an object. In contrast, attachments mechanisms such as 
items that are held in place (fixed), such as a hook to be placed over a metal loop (i.e. Bold 
Lead Designs leash hook), proved to be more user-friendly, as the object does not move as 
the user controls the attaching mechanism.   
 

COMPETITIVE BENCHMARKING: MAGNETIC FASTENERS 
 
Lastly, our team conducted benchmarking research on a range of fastener types, with a 
particular focus on magnetic fasteners. Magnetic fasteners appealed to the team as a 
potential attachment mechanism to test with John, as the online literature emphasized the 
magnetic fasteners’ security and ease-of-use;  
 
“Fasteners featuring the Fidlock concept are based on a one-of-a-kind technology and 
combine the advantages of two fastening concepts in a completely new way. Strong 
magnets make them easy to close and secure snap functionality ensures a continuously 
high locking force” (Fidlock c. 2019).   
 
In week four, John visited The Design Factory Melbourne for a co-design session with the 
team. We introduced him to the concept of magnetic fasteners as a method to attach the 
harness. The ‘V-buckle’ by the company Fidlock (see: image below) is a fastener that 
couples together through the use of magnets. It was proposed as a mechanism to replace 
the traditional press-release buckle. It is a two-piece mechanism that features magnets on 
both ends, that snaps together when in close proximity to lock the two pieces together. The 
V-buckle releases by lifting a stainless steel flap, which opposes the magnets. The force 
required to open the flap increases as the resistance increases, which reduces the risk of 
the mechanism unintentionally releasing. 
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Fidlock’s magnetic V-Buckle fastener                Loop prototype (fabric) attached to 

             V-Buckle fastener 
 
We tested the V-Buckle with John (not attached to anything), and he found the mechanism 
to be easy-to-use, as the magnets guide the two ends of the mechanism together (providing 
for a quicker closure), and the strength of the magnets appeared to be quite strong 
(suitable for securing Lola to the lead). Furthermore, the group was inspired by John’s 
‘Ampathy stick’ (which features a plastic tubing loop that John uses to hook his stump 
around to hold the stick), and we took inspiration from this, in order to prototype a fabric 
loop to be permanently fixed to one side of the V-Buckle, which would help John lift and/or 
connect the top end of the V-Buckle to the bottom end of the buckle.   
   

STAKEHOLDER MAPPING 
The team analysed the stakeholders involved in the project, whether they were the core 
stakeholders, direct stakeholders, or indirect stakeholders. This was important to 
understand the hierarchy and ways to determine methods to engage the relevant 
stakeholders when necessary.  
 
Core Stakeholders 

○ John (Client/Need knower/Co-designer) 
○ Designers (DFM students) 

 
Direct Stakeholders 

○ John’s family (Deb and Lola) 
○ Dog trainer (Deb, lost dogs home, Lola’s trainer) 
○ The engineers at DFM and TOM 
○ Manufacturers and suppliers 

■ Ripstop (recycled fabric) 
■ Fidlock (magnetic buckle) 
■ SuperCheap Auto (ratchet tie-down) 
■ Other suppliers of materials  

 
Indirect Stakeholders 

○ John’s neighbourhood and community (e.g. cafe)  
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S.W.O.T. ANALYSIS 
We then drafted a SWOT analysis to determine the strengths, weaknesses, opportunities, 
and threats to our project. This helped us plan our project, and aided in maximising our 
strengths and minimising the impacts of our identified weaknesses.  
 

● Strength 
○ Lola 
○ John likes the product 
○ Simplicity  
○ Time 
○ The product serves the purpose 

 
● Weakness 

○ Connection between the lead and Lola 
○ Time-consuming  

 
● Opportunity 

○ The access to engineers  
○ Ideas that come from research  
○ Time 

 
● Threats 

○ Entanglement of the leash 
○ Changing dynamics (e.g. John’s expecting a new wheelchair, Lola is growing 

etc.)  
○ Time 

IDEATION  
Early ideation and brainstorming exercises included design methods such as: How Might 
We…? questions from insights and user stories, journey mapping, system mapping, lotus 
blossom exercises, and affinity diagramming.   
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How Might We…? Questions from insights and user stories  
 

 
System Mapping (examining the product landscape at a product, service, and system level) 
 
By completing a journey map documenting John’s daily activities, our team was able to 
identify the user’s pain and gain points as he prepares to take his dog for a walk, is on the 
walk with the dog, and returns home to detach the dog from the dog lead, including storing 
the dog walking equipment.  
 

CRITICAL EXPERIENCE & FUNCTION 
The team also completed a map of the critical experiences and critical functions that our 
proposed design solution could entail.  
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Critical Experiences and Critical Functions Diagramming  
 
The team and John collectively decided on the following critical experiences that the 
product should entail: 
 

1. Safety 
2. Independence  
3. Ease of use 

 
Based on these critical experiences, we mapped the critical functions of our design 
solution. A critical function is the value this product brings to John. This was determined 
to be: 
 

1. Keeping John and Lola safe 
2. Connecting Lola to the ‘walking instrument’, using unobstructive leading 
3. Adaptability to varying contexts of use 

 
To facilitate the critical functions, we discussed the use of various technological 
mechanisms.  
 

Function 
Attachment 
Detachment 
Retraction 
Security 

Mechanism 
Velcro 
Buckles (magnetic, pressed studs, snap 
buttons) 
Fastening (screws, friction fittings, 
threads/hooks) 
High-tech devices (GPS tracking, 
notifications, emergency contacts)  
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THE ROLE OF TECHNOLOGY IN THE DESIGN SOLUTION 
During this mapping exercise, the team also discussed the role of technology in the 
proposed design solution. Low-tech functionality considerations (i.e. velcro attachments 
and threads/hooks) were discussed, and well as high-tech functionality considerations (i.e. 
connecting the dog lead system to a smart device, including considerations such as GPS 
tracking and notifications regarding dog-related activities). By ideating both low and high 
tech factors, the team was able to consider a wider range of functions and potential 
benefits to the user.   
 

USER REQUIREMENTS: THE NON-NEGOTIABLES 
 
Safety 
As part of our most important non-negotiables, our team along with John agreed that user 
safety must not be compromised. This included safety for Lola and others surrounding the 
user. This safety component was an obligatory part of the Design Thinking process and 
changes to the prototype was made where safety issues were raised. 
 
Ease of Use 
John highlighted that ease of use was an important feature of the prototype. Our team 
continuously reminded ourselves that having a complicated and sophisticated product 
does not necessarily translate to ease of use. Ease of use means that our product is user 
friendly and operating the product requires minimal effort.  
 
Independence 
John raised to the team that he hoped to walk his dog safely and independently. 
Independence is a core concept of occupational therapy and a valued outcome of assistive 
technology. Based on our team’s interactions with John, we concluded that independence 
to John means that the product will enable him to be self-sufficient, not requiring his 
partner (Deb) to be alongside him when he performs the occupation (i.e. walking the dog).  
 

PROTOTYPING: RATCHET STRAP + STEP-IN HARNESS   
The team decided to brainstorm ways to repurpose existing products to utilise in the 
control of the leash, and the harness for Lola. A ratchet strap was proposed to act as a 
control mechanism to adjust (or maintain) the distance of Lola from John’s wheelchair.  
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prototyping with the ratchet positioned on the         prototyping with the ratchet positioned on the side 
top surface of the armrest.   of the armrest. 

 
 
In order to increase the distance Lola is able to travel away from the wheelchair, the 
release button can be pressed, which releases the lock on the leash. To bring Lola closer to 
the wheelchair, the ratchet can be pressed - with each press incrementally shortening the 
length of the leash, and thus bringing Lola closer to the wheelchair. A standard ratchet tie 
down requires the mechanism to be lifted up, and pushed back down to shorten the strap. 
To make it feasible to use, the ratchet handle would be modified. We proposed the 
mechanism to have springs attached to the handle so that it would spring-back up, ready 
to be pushed down again. This would reduce the steps required to bring the leash closer - 
with John only having to push the handle, rather than both lifting and pushing. The ratchet 
tie-down is very heavy duty, which reduces the risk of the strap fraying or breaking during 
use. A negative aspect of this design is the number of times John would have to press the 
ratchet to bring Lola closer to the chair. It is manually exhausting, as each press shortens 
the cord by 1 - 2 cm. It would also mean that John would not be able to bring Lola closer to 
him quickly if required, such as during an emergency situation.  
 
 

    
John testing different lead lengths (determining the    Team member Tash demonstrating the different 
preferred lead length between him and Lola).        components of the dog lead system.   
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The first prototype of the walk-in harness.      Team member Eva testing the harness on a mock-up 

              of a dog. 
 
A discussion ensued between the team in regards to Lola’s harness. Typically a harness 
requires fine motor manipulation of the attachments. Typically John requires assistance 
from his partner, Deb, to put the harness on Lola prior to a walk. As the goal for this 
project was independence, we were set out to devise a harness that John would be able to 
attach and detach. It was not feasible for Lola to wear the harness for long periods of time.  
 
A ‘step-in-harness’ was proposed to enable John to attach and detach a harness onto Lola. 
Old clothes were cut into a harness, with two holes for Lola to place her front two limbs in. 
A plastic buckle was used temporarily until the magnetic V-buckle was ready to be 
attached. In order for this prototype to work, an assumption was made that Lola would be 
trained to place her front limbs onto John’s lap, ready for the harness to be attached. In 
future prototypes, it was proposed that two V-buckles would be attached - one to enclose 
the harness and another to attach the leash.  
 

PROTOTYPING: MEETING WITH RAVI 
In Week 7, our team members met with prototyping specialist Ravi in order to get his 
expert advice and flesh out the three parts of our second round of ideation, which arose 
from our previous session with John. During this meeting, we discussed how to attach the 
lead to John’s wheelchair, with reference to online specifications. Tiff and Ravi used a 
series of sketches to explore the idea of using a modified carabiner to attach the lead to the 
harness, rather than using a second V-buckle. 
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Sketches experimenting with how the carabiner (or a similar hook-like fastener) could be re-designed to 
address John’s challenge of detaching items from a carabiner.   

 
PROTOTYPING:  THE DOG HARNESS (ITERATION 2) 
 
In Week 7, we also began work on our second prototype of a front-attaching step-in 
harness. It was mainly made from a cheap second-hand sports singlet and a back-attaching 
strap harness, very similar to the one Lola currently has. We incorporated a Velcro strip 
for fastening, with the intention of adding a V-buckle for security, once our order arrived. 
  
Eva tested the prototype through 6 attempts to put it on her Groodle, Fred, using fists 
rather than hands (to mimic John’s stumps). Only one attempt was successful, which 
showed that the harness was not stiff enough and that the Velcro did not cover enough 
surface area. 
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Team member Eva testing the harness on               Fred wearing the harness prototype.   
her Groodle Fred. 
 
During Week 9, we improved the harness by inserting foam between the two layers of the 
singlet, adding two more strips of Velcro next to the original one and attaching one of the 
newly-arrived V-buckles to secure it. For the front attachment, our attempts to make the 
modified carabiner mechanism were not successful. Therefore we reverted to our original 
idea of using a second V-buckle and attached half to the front of the harness and the other 
half to the end of the lead. We felt confident about this decision after establishing how 
easy to use and secure the V-buckle is. 
 
In week 10, John tested the second harness prototype in class for the first time. We were 
very happy and relieved that all three of his attempts were successful. We also discussed 
options for accommodating minor fluctuations in Lola’s size, including allowing for her to 
be clipped in Summer. John told us he was happy for us to incorporate standard plastic 
strap adjusters, which Deb or other people can adjust between walks as needed. 
 
In weeks 11 and 12, the harness was adjusted to fit the dog stuffed dog that Tash brought 
in to demonstrate in on in our presentation. We researched the estimated height of 
fully-grown large Groodles and found length, chest and neck measurements for a step in 
harness to fit that size to include in our handover document for Tom. We also went to 
Lincraft and an Aussie Disposals shop as well as conducting online research to determine 
recommended materials for the outside, interfacing and straps of the final harness.  After 
discussing these options with John in Week 12,  we have arrived at a combination of nylon 
webbing, waterproof canvas and cotton polyester wadding for reinforcement. 
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PROTOTYPING: THE RETRACTABLE LEAD (ITERATION 1) 
 

      
Deconstructing an existing retractable dog lead       Examining how the retractable lead and spring  
system (by Flexi) to examine the inner components.     could be integrated into a system for John’s  

      mechanized wheelchair.  
 

      
The sliding button mechanism that controlled the        The first iteration of the retractable lead prototype 
Flexi existing retractable lead.      as a mock-up of the side of the wheelchair.   
 

     
Testing wider button controls the team developed.      Conducting user testing with the first prototype. 
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           User testing the initial prototype of the retractable dog lead on John’s wheelchair.  

 
 
The first iteration of the prototype of the retractable lead entailed deconstructing an 
existing retractable dog lead by the brand Flexi. This first step allowed the team to better 
understand how the retractable gear (cogwheel) and its components worked inside the 
lead’s outer plastic casing. It was interesting to discover that the stop-and-go (or extend and 
contract) motion of the rectracting wheel was generated by a metal spring fastened to a 
plastic part that simulated a small brake pad. By observing the gear in motion without its 
casing, we were able to visualize how a similar retractable lead system could potentially be 
mounted to the side of John’s wheelchair.  
 
We then decided to mock-up a cardboard prototype of the side of John’s wheelchair, where 
it was discussed that the retractable lead system could be installed. As mentioned 
previously (in the section titled ‘Wheelchair Specifications’), John advised us that he would 
prefer the lead to be positioned on the opposite side of the chair to his steering controls, as 
there was more space on this area of the chair, and it would also separate the different 
controls of the chair (i.e. right armrest controls steering and chair elevating, left armrest 
controls dog lead system). The cardboard prototype was made using foam board (5mm), 
screen board (620GSM/880GSM), textured art paper, opaque sheet of acrylic, and 
corrugated fiberboard (i.e. a cardboard box). The tools used to manipulate the materials 
were: a hot glue gun, a utility knife, and scissors (as well as a ruler for taking 
measurements).  
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PROTOTYPING: THE CONTROLS 
 

 
The controls that the team prototyped, ranging from push and slide buttons to joysticks and levers.   
 

      
A team member testing the level control.        A team member testing the joystick control. 

 

         
The coloured push buttons installed on the prototype.   The smaller push buttons on the prototype. 
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In order to conduct user testing of the control mechanism of the retractable lead, all of our 
team members joined forces to prototype various control mechanisms, such as: joysticks, 
buttons, and sliding switches of various sizes. We then tested the prototypes ourselves 
(using closed fists to mimic John’s stump, which would be used on the controls), as well as 
with John himself. During the user testing session with John, we discovered that joysticks 
were not a suitable control when positioned on the side of the wheelchair, as they may be 
steered by external forces during accidental events (i.e. hitting the wall or getting hit by a 
third person), as they stick out from the wheelchair. Additionally, when we tested the push 
button options with John, he noted that although he is able to control small buttons (such 
as buttons sized approximately 1.5cm in diameter) on the steering controls of his 
wheelchair, however, when buttons of the same size are mounted on the side of his 
wheelchair,... due to John not being able to see them, he has difficulty locating them. This 
insight led our team to focus on the push button controls (in a large size approximately 1.5 
inches in diameter) that John would be easily able to touch locate. John also agreed that 
the team should keep the indicator colours (to indicate stop and go) for added 
confirmation of retractable lead extension or contraction, and to ensure that any potential 
people near to the wheelchair would also infer the controls of the dog lead, based on the 
universal colours of the buttons (green and red).   

 
PROTOTYPING: THE RETRACTABLE LEAD (ITERATION 2) 
 

      
The Quickie Dual Post Adjustable Flip-Back Armrest      Taking measurements of the armrest.  
removed from the wheelchair.     

  
Measuring the distance between the holes of the chrome tube.  
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QUICKIE: DUAL POST HEIGHT ADJUSTABLE FLIP-BACK ARMREST  
 

 
An image from the Quickie QM-7 Series Replacement Parts Menu (“Quickie Qm-7 Series 
Replacement Parts,” 2019) 

 
 
Team members then positioned the cardboard prototype on the side of John’s wheelchair 
where the system was intended to be installed. Once in the position where we agreed the 
lead should be, we took measurements (including a sketch) of the left armrest of the 
wheelchair. The image above from Quickie’s ‘QM-7 Series Replacement Parts Menu’ best 
illustrates the separate components of the armrest, including its basic dimensions. During 
the previous user testing session with John, our team made a critical discovery that would 
change the direction of our project. Although the team knew that the armrest was height 
adjustable (moveable), we discovered that the height adjustable armrest could be fully 
removed (independent) from the seat frame of the chair (see: left side of image 
demonstrates the armrest removed from the seat frame). In considering where the 
armrest is removed and attached to the seat frame of the chair, refer to the armrest tubes 
(labelled 2A-2B), which are to be inserted into the seat frame tubes (labelled 5A-5B). This 
discovery of the fully detachable armrest meant that the mounting of our proposed 
retractable lead on the wheelchair could be installed on the armrest itself (and removed 
when the user chooses), instead of fixed permanently on the seat frame of the chair— or 
what we presumed was a permanent arm rest.  
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From here, the team took further measurements of the armrest (see: prototyping images 
above), to ensure that the second prototype iteration would integrate (fit) properly 
alongside the existing components of the armrest. The documentation of this 
information was important, as it would serve to guide us in the next stage of 
prototyping, as we attempted to create a more precise (and to-scale) prototype that 
would fully integrate with the existing components of John’s wheelchair.  
 
*note: At the time when this user testing was happening, we did not have the Quickie 
‘QM-7 Series Replacement Parts Menu’ armrest image. This was found during report 
writing, and thus, we had not discovered that the armrest is fully removable from the 
chair yet.   
 
We took measurements of the height, width, depth of the chrome bars (tubes), as well as 
the dimensions of the arm cushion and the measurements of the components attached 
to the seat frame (such as the plate with the Quickie name on it), including the distances 
between various components. One particular component that we needed to ensure the 
prototype did not interfere with is the unlabelled ‘latch’ mechanism located on the top 
left hand side of the plate (see: right side of image). This latch controls the height of the 
armrest.   
 

        
Cutting the retractable lead off of the foam board  
backing, in order to re-install the lead on John’s chair.  

 
After testing the lead prototype on John’s chair (by holding it in place), we returned to the 
prototyping room to cut the retractable lead off of the foam board. This allowed the team 
to re-install just the lead component more directly onto John’s removable armrest. 
Following this step, the team agreed on prototyping a casing for the retractable lead 
through 3D printing technology. In order to 3D print the lead’s casing, an image of the 
casing first needed to be digitally rendered. In order to assist our team, Ravi helped us 
create a digital file that could be used to transform the idea from paper to plastic artifact.  
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Once the team had the digital file completed, we 3D printed the lead’s casing in two 
separate parts (front and back). The back of the casing contained a circular ‘frame’ holder 
and centrepiece to stabilize the cogwheel, while the front of the casing contained two holes 
for the coloured button to be installed in, as well as a rectangular hole for the retractable 
lead to feed out of.  

    
Perspective view of the retractable lead mounted              Back view of the retractable lead mounted 
to the removable armrest.              to the removable armrest.  

  

     
Top view of the retractable lead.           Interior  view of the retractable lead (two parts of  

        casing (back on left and front on right).  
   

 
Interior view of the back side of the casing.  
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FINAL CO-DESIGN SESSION:  USER TESTING  
 
Following the previous step, the casing (back) was screwed to the chrome bar of the 
removable arm rest (see: upper right photo below), the removable armrest was positioned 
on the seat frame of the wheelchair (see: lower right photo and top left photo on page 32). 
Then, the retractable lead cogwheel was positioned in the circular ‘frame’ holder, and the 
casing (front) was attached to the casing (back).  
 
 
 
 

   
    3D printed casing (back) installed on the armrest.      Screwing the casing onto the chrome bar (tubing).  

 

    
    3D printed casing (with coloured buttons) installed    Casing (back) installed on the armrest of John’s 
    on the armrest.        wheelchair with cog wheel in-place. 
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    The team installing the outer casing (front) and       Retractable lead installed on the armrest of John’s 
    attaching it to the casing (back).       wheelchair (John holding the end of the lead).  

 

     
    John fastening the two ends of the V-Buckle to            Another angle of the V-Buckle attachment process. 
    secure the dog’s harness. 

 

    
    The harness on the dog mock-up.                    One end of the V-Buckle (with loop) attached to the  

    velcro material of the harness.  
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           A close-up of John fastening the two ends of the V-Buckle to secure the lead to the harness.  

 

 
           Our team’s Need-Knower John with the final retractable dog lead system design solution.  

 
During the final user testing session with John, the team observed John attaching the lead 
(with the loop end attached to the top of the V-Buckle) to the harness positioned on the 
plush mock-up of Lola (with the bottom of the V-Buckle). The top photo on page 34 
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demonstrates how John hooks his stump through the loop in order to position the V-Buckle 
top above the V-Buckle bottom, ready for attachment. Using his opposite arm’s stump to 
stabilize the harness, John demonstrated that he can attach the lead to the harness with 
ease-of-use. During the user testing, John also demonstrated that he is easily able to reach 
and push the controls of the retractable dog lead, by reaching for and locating the red and 
green (stop-and-go) buttons.   
 
 

USER TESTING LIMITATIONS 

 
The limitations of our final user testing session was that our team was unable to: (i) test 
the final design prototype with John’s dog Lola, and (ii) test the prototype in-context, 
both at John’s home and in the park. The reason why we were unable to test the 
prototype with Lola at the University is that John outlined the logistical concerns about 
having her visit the school (including requiring his partner Deb to assist in bringing 
her), as well as his concern about Lola potentially having behavioural issues. Without 
being able to test the prototype with Lola (nor test the prototype in-context), many of the 
potential challenges and/or complications with the prototype stand as unknowns, such 
as:  
 

● Is the retractable lead strong enough when used in-context with Lola pulling 
and/or creating tension on the lead? 

● Does the retractable lead casing stay in-tact on John’s wheelchair while in use or 
does it appear to be flimsy/unstable?  

● How exactly does John interact with the lead cord when out on a walk? (i.e. does 
the user hold the cord with his stump or leave it fully contracted within the 
casing?) 

● Does the retractable lead have the appropriate length of cord, if not, is there too 
much or too little in terms of cord length? 

● Does Lola appear to be comfortable wearing the harness, or are there visible 
shortcomings of the harness when worn by the dog? (i.e. sizeable gaps between 
Lola’s body and harness and/or does the harness stay in-position?) 

● Does the loop attached to the end of the V-Buckle fastener interfere with Lola’s 
movements?  

● How does Lola react to the retractable lead being contracted and released? (i.e. 
are the stop-and-go controls jerky or reasonably smooth during operation?)  
 

 
Such considerations can be further tested (and addressed) by the engineer team that 
takes over to finalize the design solution. Nonetheless, it is important to acknowledge 
these unknowns, as they can be referred to by the engineering team as elements to look 
out for during continued prototyping and user testing sessions.  
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PROGRESS DELIVERABLES 
 
VIDEO ASSIGNMENTS 
  
The first video assignment was quite challenging as none of us had any background 
editing videos. In the early stages, we made a few mistakes that taught us a lot about 
videography. For example, filming using portrait mode and making videos using photos 
made the video editing process less time effective and difficult. The first video aimed to 
capture the initial stages of the Design Thinking process, which involves empathising and 
understanding the user’s journey, pain points and opportunities.  
 
Following the analysis of the first video, the team took measures to improve our second 
video. We ensured that both photos and videos were taken at every step of our design 
process to present it in both the video and relevant documentation. The secon video 
featured our critical functions/experiences, S.W.O.T analysis, prototype brainstorming, 
and stakeholder mapping.  
 
In week 9 we produced our final video story. Video 3 aims to summarise the team’s 
progress and also highlight the presentation. We were really happy with how it captured 
the highs and lows of the prototyping process and the time and effort we put into our 
presentation.We’ve incorporated what we learned from our first two videos and made 
some improvements in the final video. For example, the majority of the footage was filmed 
using landscape and audio was taken into consideration. A large part of the final video 
focused on the presentation and allowed our team to reflect on our communication skills.  
 

HALFWAY PRESENTATION 

 
In week 8, we shared our research and prototyping journey so far in our halfway 
presentation. Unfortunately, John was unable to attend, but Mary, the need-knower for the 
other group, gave us some invaluable feedback about the importance of using sensitive, 
humasing language. She pointed out that our reference to the “Problem Space” class 
exercise could be misconstrued as us seeing John, himself as a problem. Natasha, one of 
the OT lecturers, suggested we refer to “areas of complexity” instead, a term we really like. 
Mary also advised us not to wait until the third slide to mention the word independence. 
We agreed, especially since it is one of our three critical experiences. We also significantly 
exceeded the time limit. So we realised we need to cut a lot of sides and write and rehearse 
concise talking points for our final presentation 
 

FINAL PRESENTATION 

Our final presentation day involved the other five design teams, TOM representatives, 
members of the DFM network, as well as all of the involved co-designers (‘Need Knowers’). 
We had learnt from our previous presentation, and focussed on the key portion of the 
project - the prototype. We were fortunate enough to have John present with us, and 
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demonstrate the attachment and use of the V-buckle, harness, and leash. Thankfully, John 
demonstrated the successful use of the mechanisms involved, in which a sigh of relief was 
exerted from the team. This marked the final point of contact between the team and John, 
as he will be working with the engineering team moving forward. Gifts and handshakes 
were exchanged, and it was a lovely way to wrap up our collaboration with John.  
 

TOM DOCUMENTATION 
The Tikkun Olam Makers (TOM) documentation aims to provide clear and detailed 
instructions regarding how to build the prototype. The cost, bill of materials and tools 
were also outlined to ensure that the prototype aligns to TOM’s mission (i.e. affordable 
solutions for users). Besides the assembly drawings with parts labelled, recommendations 
for further development were also given as part of the handover to the engineering team.  
 

NEXT STEPS 
User Testing (in-context) — observe John taking Lola for a walk in the park, in order 
to study any challenges and/or opportunities with the final prototype. Ensure that 
the weight capacity of the lead is appropriate for Lola at full-growth. 
 
Materials —  re-make the harness to fit Lola when fully grown, using waterproof 
materials and adjustable straps, as requested by John. Use cotton polyester 
wadding, instead of foam, for harness reinforcement. Source proper retractable 
lead strap (width/strength) necessary for Lola at full-growth.   
 
Application — direct engineer team to focus on how the retractable lead controls 
will control the stop-and-go mechanisms of the retractable lead (i.e. the specific 
mechanisms required to perform this action).   
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________________________________________________________ 

Build Instructions: Dog lead Wheelchair Arm + Snap & Go 
Harness 

For use on Quickie QM-710 Mid Wheel Drive Power Wheelchair 

Developed by: Carmen Lai, Eva Gaita, Jane Khoo, Jeffery Lay, John Davey, Natasha Trickey & Tiffany 

Reasbeck  

_________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Approximate Cost in AUD:  $426.25                           Time Required:  260hrs over 13 weeks 
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General Warnings and Cautions 

●  Read through the entire manual before attempting to build this device. 

● Do not attempt any steps if you are unsure of what you are doing. Certain steps in this                                     
manual require experience with fabrication tools. <<General Warning>>.  

○ For assistance or clarification of any step, contact anyone on the team. Contacts will                           
be provided below with specific categories for guidance. 

User Assistance 
For any questions regarding the assembly, operation or specifications of this device, please refer to 
the following contacts based on the specific categories below : 

Harness : 

Eva Gaita - 9816739@student.swin.edu.au 

Retractable lead : 

Natasha Trickey- 102040558@student.swin.edu.au 

Tiffany Reasbeck- 101427558@student.swin.edu.au 

Other general enquiries such as cost, operating procedures, etc  : 

Carmen Lai- 102012010@student.swin.edu.au 

Jeffrey Lay- 102296380@student.swin.edu.au 

Jane Khoo- 102013592@student.swin.edu.au 

 

Icon Glossary 
The following icons may be used throughout this manual—each with its own purpose. 

● Caution: The caution icon is used to signify whenever someone attempting the procedure                           
may injure themselves or damage their equipment. 

● Note: The note icon is used to signify useful bits of information that complement the                               
instructions. 

● Reminder: The reminder icon is used to provide information for after the procedure is                             
completed, such as tips for disassembly. 
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● Need-Knower Specific: This part or method of manufacture has been designed                       
specifically for a local Need-Knower.  

 

 
 
Need-Knower Background: 
Our team’s Need-Knower is John, a 55 year-old quadruple amputee, who uses an electric-powered 
wheelchair (EPW) to complete his Activities of Daily Living (ADLs). John is also the proud owner 
of a new puppy named Lola (now 30 weeks old), belonging to the Groodle dog breed (a hybrid 
breed, or mix of Golden Retriever and Poodle).  

John is looking for a system that enables him to safely, securely and independently walk his dog 
Lola. Specifically, he is hoping for an easy and low-tech solution that would allow him to connect 
his dog to a dog lead, as traditional leads (often utilising spring loaded clips or clasps attached to 
a collar), are not suitable for John’s ergonomic considerations. 

Purpose of Device: 
The purpose of the device is to allow John to walk his dog safely and independently whilst using 
his electric-powered wheelchair (EPW).  

Physical Description: 
The (dog lead) system is made up of two key components:  

● dog harness  
● retractable dog lead 

 
The (dog lead) system also features a specific fastener: 

● V-Buckle magnetic buckle (by Fidlock) 

History of Development and Design Research  
The project brief was provided to our team by Design Factory Melbourne in collaboration with 
Tikkun Olam Markers (TOM). The project took place over 13 weeks, which involved our team 
engaging in a Design Thinking process following the UK Design Council’s design methodology 
The Double Diamond model. The Double Diamond is comprised of a four-step process (discover, 
define, develop, deliver), in which the first diamond represents a process of exploring an issue 
through divergent thinking, and the second diamond represents a process of taking focused 
action through convergent thinking. Over the duration of the DFM project, our team employed a 
range of design research tools and techniques to arrive at our final design solution, such as: 
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● Co-design with end user (primarily low-fidelity prototyping, i.e. paper and cardboard 
prototyping)  

● Primary research (i.e. contextual enquiry/ contextual interview) 
● Secondary research (i.e. competitive benchmarking, stakeholder mapping) 
● Data visualization and synthesis (i.e. journey mapping which overviews the user’s daily 

life, including journey pains and gains) 
● User needs mapping and requirements (ergonomics and human factors, i.e. identifying 

John’s physiological capabilities as a quadruple amputee, Lola’s physiological capabilities 
(as a puppy that will grow into a full-size dog— fluxing size requirements), the affordances 
of John’s mechanized wheelchair model: Quickie QM-710, as well as the user’s needs 
in-context (i.e. considering John’s ADLs at home as he prepares to take Lola for a walk 
and leaves his property to visit the nearby park, including the intermittent role of his 
partner Deb in this process) 

● Brainstorming and idea generation (i.e. How Might We… problem framing, affinity 
diagramming, lotus blossom)  

● Prototyping (low-fidelity mock-ups, sketching and digital drawing, high-fidelity 3D printing) 
● User testing (testing prototype iterations with user to identify key insights and areas of 

potential future development and/or refinement) 
 
Key Feature Of Both Components — V-Buckle 25 (by Fidlock)  

 
 
The V-Buckle model 25 is necessary for the user, John, to be able to attach the lead and secure the 
harness. The strong magnets make the buckle easier and faster to use, by helping the user guide the 
mechanism at both ends of the attachment. Additionally, the snap functionality ensures a high locking 
force, permitting a secure closure to keep the dog fastened to the lead.  
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Bill of Materials 
 

Part ID  Part Name  Description  Q
ty 

Units  Supplier  Unit Cost  Cost 

A  Wheelchair 
armrest 

Option- Locking 
two-point arm, for 
quickie QM-710 
Mid Wheel Drive 
Power Wheelchair 

1  Each  Sunrise Medical  $230  $230 

B  Lead casing base  3D printed base of 
casing for 
retractable lead 

1  Each  3D printed from 
file 

$20  $20 

C  Lead casing front   3D printed front of 
casing for 
retractable lead 

1  Each  3D printed from 
file 

$20  $20 

D  Retractable lead   Flexi Classic 
Retractable Tape 
Dog Lead Black 5m 
Medium 

1  Each  Petbarn  $49.99  $49.99 

E  Green Button   Green Arcade 
Button Switch with 
LED Illumination 

1  Each  Jaycar  $9.99  $9.99 

F  Red Button  Red Arcade Button 
Switch with LED 
Illumination 

1  Each  Jaycar  $9.99  $9.99 

G  Loop  Made from strap of 
car harness - see 
Step 6  of 
retractable dog 
lead instructions 

2  Each  See Item J 
purchasing 
details 

N/A  N/A 

H  V-Buckle  Self-securing 
snap-in magnetic 
buckle. Opens 
easily by lifting (will 
be attached to 
loop). 

2  Each  Ripstop By The 
Roll. Order 
online: 

www.ripstopbyt
heroll.com 

$7.50  $30.25 
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I   Screws  Zenith 8g x 16mm 
Galvanised Button 
Head Metal Screws 
- 32 Pack 

2  Each  Bunnings 
Warehouse 

$3.99  $3.99 

J  Patch & Socks 
Dog Car Harness - 
large size 

Back-attaching 
strap harness  

1  Each  Target  $7.00  $7.00 

K  Polyester 
Spandex 
Activewear 
Singlet 

Scoop neck singlet 
with T-back and 
shelf-bra 

1  Each  Purchased 
from Savers for 
$5.50 

Available new 
from Target for 
$12 

$5.50  $5.50 

L  Elastic braid 
12mm x 4m pack 

5 cm piece  2  Each  Spotlight  $7.50  $7.50 

M  Velcro Brand 
Stick On tape 
20mm x 1m pack 

4 cm piece  3  Each  Spotlight  $16  $16 

N  Shamrock Craft 
Small Deco Foam 
Sheet 

402 x 290 x 13 cm  1  Each  Spotlight  $3.75  $3.75 

Q  Gutermann Heavy 
Duty Thread 100 
metre roll 

Extra strong 
polyester thread 

1  Each  Spotlight  $9  $9 

R  Cable ties 10 
pack 

Plastic ties 140mm 
length 

1    Officeworks  $3.30  $3.30 

 

*Includes $15.25 for shipping by USPS First-Class/Priority International - ETA 15-20 days. FedEx = 
$33.97 - ETA 7-10 days. 
 

Tools Required: 
● 3D Printer 
● File for 3D printing 
● Philips head screwdriver 

● Hot glue gun 
● Sewing needle  
● Scissors 
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Assembly drawing with parts labeled: 
Component 1— Retractable dog lead (installed on mechanized 
wheelchair armrest) 

 

Parts Inventory 
(Assembly) : 
Part A. Wheelchair armrest 

(A) Metal Frame 
(B) Padded armrest 
(C) Disengage lever   

 
 
 
 

NOTE: This part must be made using 3D printing, as current retractable dog lead product                               
offerings are not designed to be integrated with the components of mechanized wheelchairs.  
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Part B. Lead casing base 

(A) Lead cog Pin 
(B) Lead cog frame 
(C) Pole ring 
(D) Pole attachment  
(E) Screw holes 

 

 

 

 

 

 

 

 

 

Part C. Lead casing front 

(A) Button holes 
(B) Lead exit point 

 
 

 

 

 

 

 

 

 

 

Need-Knower Specific: The measurements of the retractable lead case casing are specifically                         
designed so that John is able to have enough room to use the armrest disengage lever (Part C of A).                                       
This function will enable John to attach or detach the armrests independently, as needed. It also                               
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allows the user to remove the retractable dog lead from the arm of the chair (if he or she so chooses),                                         
when not in use.  

Part D. Retractable Lead 

(A) Retractable lead cog 
(B) Retractable lead 

 

Note: Due to the expected size of Lola (a Groodle) at full developmental growth, predicted to                               
weigh between 23-45 kg, the retractable lead sizing capacity should cover dogs weighing up to 50kg.                               
An example of a suitable retractable lead for this breed’s measurements is the ‘Flexi Classic                             
Retractable Tape Dog Lead Black 8m Large’, provided by PetBarn online:  
https://www.petbarn.com.au/flexi-classic-retractable-tape-dog-lead-black-8m-large. 
 

 

Part E. Green button 

(A) Button head  
(B) Button screw head 
(C) Button screw base 
(D) Button base 

Part F. Red button 

(A) Button head  
(B) Button screw head 
(C) Button screw base 
(D) Button base 

 

 

Part G. Loop 

(A) Loop  
(B) Cable tie 
(C) One side of V-buckle 

(element A of V-buckle)  
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Part H. V buckle  

(A) Stainless steel flap 
(B) Hole for cable tie  
(C) Stainless steel base 

 

 

 

 

Part J. Car Harness  

(A) Chest Strap   
(B) Longest strap  
(C) D-ring 

 

 

 

 

 

 

Part K. Second-hand active-wear singlet 

(A) Elastic line 
(B) Centre strap 

  

 

 

 

 

 

Part L. Elastic braid 

Part M. Velcro strips 
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Part N. Foam Sheet 

 
 

  

 

 

 

 

Retractable Dog Lead Assembly  

Step 1 : 3D printing the case  
Parts and Tools Used In This Step: 

● Parts B x1, C x 1 
● 3D Printer 

 
 
 
 
 
 
 
 
 
 
 
Instructions: 

● Print 3D parts from file provided  
 

Step 2 : Attaching the Buttons to the front casing  
Parts and Tools Used In This Step: 

● Parts C x1, E x1, F x1 
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Instructions: 

● Unscrew the button head and base  
● Remove the screw base 
● Place button inside the button hole 
● Return the screw base to the button base 

 

 
 
Image above: armrest prior to attachment of retractable dog lead casing 
 

Step 3 : Attaching the casing base to the arm rest 
Parts and Tools Used In This Step: 

● Parts A x1, B x1 
● Phillips head screwdriver  x1 
● Screws x2 
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Instructions: 

● Slide the left metal bar of the armrest frame through the pole ring on the casing base 
● Place the armrest on the side with the screw holes facing at the front and the screw holes 

lined up 
● Use a Phillips head screwdriver to secure the two screws into the screw holes of both the 

casing base and the armrest  
 

Step 4 : Preparing the retractable lead 
Parts and Tools Used In This Step: 

● Parts A x1, B x1, Dx 1 
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Instructions: 

● Place the retractable lead cog onto the pin 

Note: The 3D print of the lead cog pin only fit through the larger opening of the cog. We had to 
improvise by cutting it with a pair of pliers and using a small piece of plastic to attach the other 
end to be able to get the cog on.  
 

Step 5 : Attaching the front casing  
Parts and Tools Used In This Step: 

● Parts A x1, B x1, C x1, Dx 1 
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Instructions: 

● Thread the retractable lead through the lead exit point 
● Place the top casing on top of the base with the button facing forward and push down to 

attach  

Step 6: Attaching the loop and V-buckle stainless steel loop 
Parts and Tools Used In This Step: 

● Parts A x1, B x1, C x1, D x1, G x1, O x1, H x1(Part A) 
● Sewing kit 

 

 
 
Instructions: 

● Cut a 22cm long piece from the longest strap of the car harness. Sew the ends together to 
form a loop. 

● Use the cable tie to attach the loop to (part A) of part H, the V-buckle stainless steel flap.  
● Sew the loop to the end of the lead 
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Recommendations for further development  

● The buttons still need to be functional in being able to release and lock the retractable lead 
using powerless mechanisms.  

● The 3D printed casing may still need to be adjusted to fit seamlessly with the retractable 
armrest 

● User-testing will need to take place to ensure the safety and security of the V-buckle attaching 
the lead to the harness 
 

 
 
Component 2— Dog harness  
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Harness Assembly  

Step 1: Creating the vest shape 
Parts and Tools Used In This Step: 

● K x1 
● Scissors  

 
 
Instructions: 

● Turn Singlet inside out and cut along the elastic line to  leave the 2-layer top section. 

 

Step 2: Reinforcing the centre  
Parts and Tools Used In This Step: 

● K x1, J x1 
● Scissors 
● Needle + thread 

  
 
Instructions: 

● Cut the chest strap from the car harness (Element A of Part J) to fit the length of the back 
panel of the cut singlet (part K). 

● Insert the strap between the 2 layers and sew in place. 
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Step 3: Adjusting the size 
Parts and Tools Used In This Step: 

● Harness in-progress 
● Scissors  

 
 
Instructions: 

● To adjust the size of the harness, cut down the centre-back of the singlet (front of the harness) 
and cut each half to18cm.  

● Then cut along the top seems of both straps and adjust arm holes to 10cm diameter. 
Alternatively, measure the harness on the dog and adjust accordingly. 

  

Step 4: Adding the front attachment  
Parts and Tools Used In This Step: 

● Harness in-progress, J x1, H (Element C) x 1 
● Scissors  
● Needle + thread 

 
 
Instructions: 

● Cut a 6cm piece from the strap of the car harness (Part J) and thread it through main hole of 
the Stainless steel base of the V-buckle (Element C of Part H) , with 3cm on each side.  

56 



 

● Position this piece along material-covered chest strip of the harness front, with the top of the 
bottom of the strap 12cm from the bottom of the harness. 

 

Step 5: Reinforcing the body of the harness 
Parts and Tools Used In This Step: 

● Harness in-progress , N x1 
● Scissors 
● Needle + thread 

 
 
 
Instructions: 

● Cut the foam sheet to the shape and size of the front section of the harness (centre strip = 6cm 
x 18cm + rectangle on each side = 12cm x 10cm → see below).  

● From the remaining foam sheet cut 2 rectangles 14cm x 9cm, 1 for each side of the harness 
back 

● Insert the three pieces and sew along the bottom of the whole harness. 
 

Step 6: Making the closing panel and attaching the V-Buckle 
Parts and Tools Used In This Step: 

● Harness in-progress , N x1, M x1, H x1 (Part A), L x1 
● Scissors 
● Needle + thread 

 
 
Instructions: 

● Place the two leftover pieces of the singlet straps on top of each other and sew three sides to 
make a pocket.  
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● Insert a rectangle of foam (Part N) to inside (6cm x 4cm) and sew the remaining side.  
● Sew the hook/rough side of the Velcro strips (Part M) next to each other to cover one side of 

the panel.  
● Attach the stainless steel flap of the second V-Buckle (Element C of Part H) to the centre of 

one of the short sides of the panel, using a loop made from 1 of the pieces of elastic braid 
(Part L) 

● Sew the other short side of the panel to the centre of the left back section of the harness 

leaving 3cm above and below.  
 

Step 7: Making the fastening bed for the panel 
Parts and Tools Used In This Step: 

● N x1, K x1, J x1, M x1, H (Element C) x1 
● Scissors 
● Needle + thread 

 

 
 
Instructions: 

● Starting from the edge of the right back section of the harness, sew the loop/soft side of the 
three Velcro strips (Part M) side by side, leaving 3cm above and below (to align with the 
closing panel)  

● Use the other piece of elastic braid to sew the underside of the second V-buckle (element C of 
Part H) next to the Velcro strips (Part M). 

 

Step 8: Making and attaching the opening loop  
Parts and Tools Used In This Step: 

● Harness in-progress , G x1, H x1(Part A) 
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Instructions: 

● Cut a 22cm long piece from the longest strap of the car harness (Element B of Part J). Sew the 
ends together to form a loop. 

● Use the cable tie to attach the loop to the buckle part on the closing panel (Element A of Part 
H), through the same hole as the elastic. 
 

Step 9: Adding a back attachment for car use (optional) 
Parts and Tools Used In This Step: 

● Harness in-progress , H x1(Part A),  L x1, G x1,  
● Scissors 
● Needle + thread 

  

 
Instructions: 

● From the strap harness, cut a 6cm piece of strap and cut off D-ring ( Element C of Part J) from 
the back 

● Thread the piece of strap through the ring sew each side to the centre back of the closing 
panel. 
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Recommendations For Further Development 
 
We advise that the next version of the Snap & Go Harness be made from scratch, using 
waterproof material and with adjustable straps, as requested by John. See below for the main 
recommended materials, other than the V-buckles, (all available from Spotlight). 
 

Item Price 

 Waterproof Canvas  $39.00 per metre 

 Birch Polyester Webbing Straps  $2.25 per metre 

 Birch Adjustable Buckles x 2  $3.25 per buckle 

Cotton Polyester Wadding Interface (instead     
of foam) 

 $14.70 per metre 

 
 
The estimated harness measurements for a fully-grown Groodle are: 
Length 40-45cm 
Chest 58-63cm 
Neck 38-43cm 
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