
Human Factors 
Jay van den Hoven



1 - Exectutive Summary

2 - The Human Factor

3 - The Product

4 - General User Interaction

5 - Specific User Interaction

6 - Refined Process Methods and Tools

7 - Key Insights 

8 - Redesign Process

9 - Final Redesign

10 - Application

Appendices



The Product
The Fitbit Flex is a wireless activity and sleep 
monitor, made from a couple of separate 
components: a flexible elastomer shaped band, 
stainless steel pins and the removable battery/ 
motion tracker. 

The product also comes with an accompanying 
App where all the data recorded by the device is 
stored and analysed. The removable “dongle” is 
charged via a usb charging cradle.

The Users
A focus was taken on young users (teenagers, 
students, mid-early twenties) who participate in 
high intensity sports and/or activities that 
specifically require unconventional body 
movements. 

Multiple rock climbers (core specific user group), 
a Roller derby player and an Ultimate Frisbee 
player were specifically engaged with.

The Issues
Having engaged with both general and specific 
user groups, a shortlist of key problems with the 
current Fitbit Flex design could be made:

- Clasp attachment mechanism

- Limited data capture

- Personal Data and privacy

- Form and profile

- Material selection

- Primary Feedback mechanism

The Solution
The key issues uncovered were used to
 structure the re-design: 

A new strap, with increased functionality, 
wearability and comfortability. 

A new customisable App expansion, increasing 
depth and scope of information available to the 
user.

Rock Climbing:

Use this extension to analyse your grip strenght, power 
capacity and even allert you to when your overgripping

Vibration Alert 

Grip capacity 

ONOFF

MaxCurrent

Roller Derby: 

Use this extension to analyse your top speed and 
Impact force:

Speedometer 

Impact force (N)

Exectutive 
Summary: 



The product, or object, can be said to embody multiple layers of 
‘functionality’ when in a state of interaction with the user. On one 
level the product delivers ‘practical functions’: addressing direct 
human needs and desires. 

However, this may only be a surface reading, there are usually 
many layers of ‘hidden functionality’ embodied within the object that 
are comparably important. Many schools of design theory explore 
this idea by viewing the product as representing more than just its 
functional, aesthetic or ergonomic face value. 

One of which, The Offenbach Theory of Product Language [1], 
seems to neatly distinguish between ‘practical functions’ and ‘
product language functions’. 

Product language functions can be separated further into ‘formal 
aesthetic functions’ and ‘semantic functions’, which is in turn made 
up of ‘indicating’ and ‘marking functions’. Concepts like these draw 
from various philosophical and linguistic practices, such as 
Structuralism.[2]. Where the true meaning derived from a word, for 
example, is said to be generated by its position and interaction with 
other distinct components of the wider structure in which it sits. 

The related field of Semiotics [3] explores similar ground, where 
the object exists as a sign. The words, images and sounds used to 
describe it are called the signifiers while the mental concept and 
meaning derived by the observer is called the signified. Here the 
object (sign) is defined by its interaction with the observer and 
subsequently the observers socio-cultural background. 

Therefore, the ‘end user’ of a product and the community in which 
they live can be said to play the defining role in the product design 
process. These sub-surface layers of functionality and product-user 
interaction allow the object (product) to act as a material medium 
of communication. 

By understanding the human relationship to the material world of 
‘external things’, product designers can use the object (product) as 
a vehicle for information and expression. WHO the user is depends 
so heavily on HOW the user interacts with the external world.
 
Beyond simply puting the user at the center of the design  
process, the users’ point of contact and interaction with an  
external context should be examined. 

While these ways of understanding objects (products) and product 
interaction may seem a bit abstract or removed from the realm of 
product designers, I feel that the user centred design [4] situation 
can be described and understood on a fundamental level using 
these methods.

User ProductHuman-Object
Interaction zone



The product: 

Fitbit Flex:

Flexible Elastomer 
Band

Tinted plastic 
window 

Hollow recess for 
removable tracker

Stainless steel pins

Function:
   Removable tracker collects   
   motion data (step counter)   
   and feeds it to an App
     
   Simplistic, reduced 
   functionality and price 
   (£79.99-£9.99)
  
   Very basic primary product   
   interface (row of lights)
  
   Understandable 
   accompanying App

Form: 
   Paired back, low profile 

   Follows the natural profile of   
   the wrist

   Organic, single piece, strap

Ergonomics:
    The band is available to 
   purchase in two standard   
   sizes: 
   (Small,14.0 cm–17.5 cm and    
   Large,17.5 cm–20.8 cm)

   A sizing sheet is available on   
   the website

Initial Impressions:
  
   The band itself is tough and   
   awkward to fit onto the wrist

   It takes an unreasonable   
   amount of force to get the   
   pins through the holes in the   
   band

   Once on fairly comfortable   
   and unobtrusive   

The Fitbit Flex is a w
ireless activity and sleep 

m
onitor, m

arketed at active younger users

The Fitbit Flex is a wireless activity and sleep 
monitor, made from a couple of separate 
components: a flexible elastomer shaped band, 
stainless steel pins and the removable battery/ 
motion tracker. 

The product also comes with an accompanying 
App where all the data recorded by the device is 
stored and analysed.

The Fitbit Flex occupies the lowest price point on 
the Fitbit product range and while its functionality 
is comparably limited, it still manages to capture a 
decent range of information from the user.

Primary Interface:

Row of small buttons that signify how close the 
user is to reaching their 1000 step goal. Activated 
by a double tap on the surface of the band.

Secondary Interface:

Extensive App translating the raw user data into 
digestible, meaningful information.

Analysis 1

C
lasp m

echanism
Product deconstruction

Dongle Charger Removable Dongle Exploded view



General 
user interaction:

A non-specific round of user testing was first 
carried out to gauge the general areas of
importance that should be focused on when 
carrying out a more specific user analysis. To do 
this two separate users were asked to first engage 
with the product: figure out how to release the 
‘dongle’ from the charger, fit the ‘dongle’ into the 
strap, fit the strap onto the wrist and try to get 
information via the ‘tap to activate’ row of lights. 

The users were then asked to navigate the 
accompanying App. Comments, queries and 
general thoughts on the ease of use were 
recorded. 

To provide a structure to this initial 
general analysis, a set of  very ‘open’ questions 
were used as prompts. This helped maintain a 
clear pathway through the interaction and helped 
stimulate meaningful responses from the users. 

Both the users, (Jake, 20 and Neil, 23)  were 
in their early twenties and engaged in irregular 
physical activity. In order to encourage a more 
free-flowing, natural interaction with the product 
the interactions took place in their own homes. 

Naturally I tested the device thouroughly on myself 
by wearing it constantly for a week while engaging 
in both mundane and ordinary activities.

From these initial explorations, a user journey and 
‘‘Interface hierarchy’’ could be created.

Analysis 2

App interface

User

Elastomer Strap

Dongle ‘screen’

Interface hierarchy 

The sea of online reviews, articles and ‘tear down’ 
videos on the Fitbit Flex were navigated and trawled 
in an attempt to understand the wider context that 
the product exists in. This provided a general 
picture of user interactions, understanding, 
impressions and issues. 

Having done this, it became apparent that the 
expansion of the ‘health monitoring’ tech market 
is underpinned by a more fundamental social shift 
towards culture of surplus. Where the abundance 
of data and information has become a product in 
itself.

Applying standard anthropometric 
guages to the product: 

The primary point of 
physical interaction, 
positional variations and 
how the product responds.

The wrist in flexion is able 
to extent to over 65 
degrees from the neutral 
position and over 45 
degrees in the ulnar 
direction. These positions 
mark the extreme edges of 
the wrists’ position.



In order to properly examine a product like this, 
where personal movement data is recorded, 
analysed and presented to the user, it is important 
to be understand well how it operates at the 
extreme edges of the target market, not just for 
the central majority of users. 

At the edge of a general target market, where 
product interaction points become much more 
specific and focused, the subtleties of the design 
flaws within the product become more clear.  

To explore this a focus was taken on young users 
(teenagers, students, mid-early twenties) who 
participate in high intensity sports and/or activities 
that specifically require unconventional body 
movements. 

As this product is designed to be worn around the 
wrist, a focus on rock climbing and climbers was 
taken due to the physical demand on the hand/ 
wrist area that the sport requires.

Specific User Requirements:

• To be able to perform the strenuous   
movements, gestures and positions that may 
be required without additional hinderance or 
annoyance.

• To gather specific information about    
unconventional body movement and  
positioning.

User Attributes:

• Interested in unconventional activities and 
sports. 

• Able bodied and not adverse to bodily impact/ 
stress 

• Somewhat specialised or specificly natured

User Lifestyle Analysis:

• Users are young, usually without a stable  
working income.

• Not a huge disposable income
• But, Able to invest in sports that requires  

potentially expensive equipment.
• Users invest significant time, effort and energy 

into their chosen activity.

User context:

• Activity will mostly take place in indoor training 
centres (TCA Glasgow, Roller Stop,   
Strathclyde Uni gym), but may lead to outdoor 
use.

• 
• Users will use the device throughout the day 

and then keep it on during a training session.

Rock Climbers:
Three separate rock climbers (Graham, 22, 
Student - Chiara, 20, Student - Tancred, 23, 
Student) were given the device to use in the 
context of their activity. 

After a session of use they were each tak-
en through a questionnaire (see appendix 1) 
which provided a structure on which a 
productive conversation about the device 
could be built. 

This was carried out in the climbing gym 
directly after use so that any issues no matter 
how small would be captured:

While the device does have a fairly low 
profile, there were cases when being used by one 
of the rock climbers, during which certain 
particularly strenuous movements were hindered 
by wearing the device. Comments were made 
about the strap getting in the way when trying to 
maintain skin contact with particularly large holds 
on the climbing wall. 

Since chalk is used extensively when 
climbing, particularly when training inside, one 
user brought up the fact that each time he would 
apply chalk to his hands he would also unwittingly 
cake the strap in chalk. While the stay not be an 
immediate issue, it could lead to potential
 problems due to build up in the various ridges 
and recesses across the device.   

Due to the repetitive and exaggerated 
flexion of the wrist when climbing, having a 
device such as the Fitbit Flex strapped to the wrist 
became uncomfortable and obtrusive to most of 
the climbers.

Another user brought up a recurring 
situation in which they ‘over-grip’ while rock 
climbing. She explained that this would usually 
happen when ‘lead climbing’ at height as 
opposed to ‘bouldering’ which takes place closer 
to the ground on smaller walls. 

When prompted she explained that it was an 
unconscious bodily function and that if there were 
to be some external trigger alerting her to the 
over-gripping she would be able to cognitively 
override the primal response to large heights and 
force herself to relax.

Derby player:

A roller derby player (21year old, Student, 
‘Eve’) was given the device to wear during an 
hour long training session. She was then 
taken through the same questionnaire as with 
the climbers, this meant that there was 
consistency in prompts and the areas touched 
upon.

The first issue that was brought up was that, 
despite the relatively low profile of the strap, it was 
a struggle to fit the protective gear used in derby 
over the device. Specifically the wrist guard made 
it very uncomfortable to wear the device while 
training. 
Another point brought up in conversation after a 
derby training session with the device was that 
the strap became ‘sweaty, slimy and a bit grim’, 
this seems to be a material selection issue. With 
the elastomer material not being breathable nor 
natural.

Frisbee player:
In order to expand the pool of users and 
activities an ultimate frisbee player (20 years 
old, student, Roisin) was asked to sample 
the product. She was taken through the same 
questionnaire after using it during an indoor 
training session.

Specific
user 
interaction:

Analysis 4

User Group synthesis User Group Analysis User engagement and feedback 



Analysis 3

Refined process, 
methods and tools: 

Product Analysis Maps:  A visual map of the key attributes of the product was created   
     and given to test subjects to engage their ‘non-linear brain’. Results  
     can be seen in appendix 2. [9]

Existing product comparison:  A side by side comparison of the Fitbit against a standard    
     watch in the specified context. The Fit bit has improved the    
     design in the extension direction, but is still lacking in the    
     flexion direction.

Interview script:   An outline of open questions and prompts was used to    
     structure interviews and user testing sessions.

Co-discovery session:  Multiple climbers were given the product to test at the same   
     time while I stood back and observed without interference.    
     This allowed me to analyse how intuitive the product was and   
     allowed the u sers to feed off each other. [10]
  

Extended user usage:  Two climbers were given the product to wear for a week each,   
     they were interviewed at the end of the week to collect any    
     issues that were problematic enough to survive the test of    
     time ( reoccurring issues that would not be forgotten after a    
     single use session) 

Anthropometrics & sizing: Human Size anthropometric data was used to compare the fit   
     bit with accepted standard sizing data (see appendix 4).

Task analysis:   Having identified specific context and user group, a specific   
     task analysis map could be created in order to understand    



Clasp attachment mechanism:  

The most obvious recurring issue that kept being 
brought up throughout the user engagement 
sessions was the difficulty in attaching the strap 
onto the wrist. In all user cases comments were 
made about how strenuous, awkward and 
uncomfortable the process of popping the pins 
into the corresponding holes. 

In some cases the user was actually unable to 
physically secure the strap around their wrist and 
had to be assisted. 

Another issue that seemed to keep surfacing was 
the inability to easily adjust the strap once it was 
secured onto the wrist. The pre-determined hole 
positions also limited any adjustments the user 
made, therefore reducing personalisation and 
anthropometric coverage.  

Limited data capture: 

Although the accompanying App manages to 
extract a reasonable amount of information from 
the limited amount of raw data captured by the 
device, there were multiple users who said they 
would like to know more. Due to the specific na-
ture of some of the physical activities being done 
by the user group, some responded that they 
would like to be able to capture data that would 
describe more specific aspects of their activity. 

For example, one user who played Roller derby, 
which involves high speed manoeuvres and 
collision, expressed the desire to know ‘how fast 
she was riding’ and ‘how hard she was hitting’. 

Another user, who regularly rock climbs indoor 
and out, said that being able to gather information 
about power and muscle usage would be very 
useful, especially for training purposes. 
The ‘over-gripping’ problem discussed with one of 
the rock climbers seems to be linked to the wider 
issue of the limited amount of raw data being 
captured. 

This is an example of how users 
operating within the target market can often be left 
wanting due to the limited amount of data being 
captured. With a wider spread of initial inputs to 
work from the App and device would be able to 
vastly expand the interactive potential of this 
product.

Personal Data and privacy:

When exploring the App used to collect and an-
alyse raw movement data some of the users had 
questions about how much data was being stored 
and what was being done with the data. This 
prompted a conversation about personal data, 
privacy and the commodification of information. In 
a world where that most valuable resource is data, 
devices where personal data can be cultivated 
and processed seem to take on a more sinister 
role. 

The potential for companies such as Fitbit to 
commodity their user base with little regard for 
user privacy or ownership was an issue that 
seemed to come up in passing throughout 
multiple conversations.

Form and profile: 

While the strap scored fairly highly on the ‘visual 
aesthetic qualities’ axis of the product attribute 
maps some of the main comments brought up by 
both the climbers and the derby player touched 
on problems with the physical form of the strap. 
The thickness of the band posed issues when 
using additional gear around the wrist/ hand. 

The wideness of the strap also seemed to be a 
source of annoyance for the rock climbers who 
need a unusually expansive range of wrist flexion. 
In one case the strap dug into the wrist making an 
already strenuous position almost unbearable.

Material selection:

The plastic elastomer material used in the strap 
provides a sturdy housing for the removable 
dongle and the metal pins used to secure the 
strap together. While this material is well suited 
for its function in the context of everyday day use, 
issues arise when used in the specific contexts 
being explored here. Issues with the strap digging 
into the user, inflexibility and unpleasant tactile 
qualities were brought up by users. 

Primary Feedback mechanism:

In the existing Fitbit Flex, the primary mode of 
interaction with the user is a small row of 5 lights 
that lights up when the device is double tapped. 
This links to the App and informs the user as to 
how close they are to the default ‘10000’ step 
goal. 

Once the goal has been reached the dongle will 
vibrate sharply to alert the user. This vibration 
feature was identified as a good method of 
non-visual, non-audible communication, 
particularly useful while on the climbing wall or 
the derby track. Therefore this line of interaction 
should be developed.

Synthesis & Evaluation 

Inner wrist flexion 
was more of an issue 

than outer

Key 
Insights: 



Redesign process: 

Re-design 1

Specification:

Drawing from the Key Insights gathered from user interaction a PDS can be 
created:

-    The clasp mechanism must be easy to manipulate,   
    intuitive and secure on the wrist.

-    The device and accompanying App should be able to   
    capture, contextualise and present a wider range of data  
    and information. 

-    The product and accompanying App should be able to be  
    customisable to cater to more specific user cases and  
    scenarios.

-    The form and profile of the band should accommodate for  
    use in extreme wrist flexion and extension.

-    The materials used in the band should accommodate for  
    both muscular expansion and be resistant to things like  
    sweat and chalk. 
    
-    The primary interface (dongle row of lights) should be  
    expanded upon to increase user interactivity.

-    The solution should fit into the existing Fitbit product   
    range/ system.

Re-design 
User Journey

User going about 
their daily life

User engage in their 
specific activity 
requiring unconventional 
movements

User unrestricted by 
the device

User can gather and 
interpret specific 
info about their 
performance

1 2 3 4



Elastomer 
End casingMagnetic 

interlocking teeth

Reduced profile 
accomodates inner 

wrist flexion

Breathable, 
stretchable fabric Elastomer casing 

Tinted window

Additional data 
collection point 

feeds data to dongle
Fully rounded edges

Expands to 120% its 
original size

Rock Climbing:

Use this extension to analyse your grip strenght, power 
capacity and even allert you to when your overgripping

Vibration Alert 

Grip capacity 

ONOFF

MaxCurrent

Customisable 
Dongle

Roller Derby: 

Use this extension to analyse your top speed and 
Impact force:

Speedometer 

Impact force (N)

Aesthetically neutral 
for use in multiple 

contexts 

A
dditional C

ustom
isable Interface

A
dditional D

ata R
eading

Heart rate/ blood 
oxygen reader 

embedded in to end 
casingFinal Redesign: 

Re-design 2

Heart rate/ blood 
oxygen reader 

embedded in to end 
casing inside wrist

Elasticated 
polymer-fabric hybrid 

material

S - 45mm (1st% female, 18-35)
M - 55mm 

L - 70mm (99th% male, 18-35)

Micro adjustability afforded by the interlocking magnetic teeth mecha-
nism. 



Application: 

Having completed the project, I feel that I have 
deepened my understanding of the central role 
that the user has and should have in the design 
process. Its often tempting to stray away from 
the user and indulge in the design of a product 
regardless of its’ context. 

This may lead to interesting conceptual design 
solutions but by maintaining constant user 
interaction and feedback, a solution will be 
grounded, accessible and achievable. The 
basal role of the human user within product 
design seems to help distinguish design 
practice from sculptural or purely artistic work. 
By embedding human factors and user 
interaction throughout the double diamond 
process, the designer is not simply building into 
thin air, they are provided with an external 
structure on which to develop and explore. 

Throughout my final year project I have been 
focusing on sustainable energy generation in the 
urban environment: how decentralised
 production and distribution can be embedded 
into a city. To fully develop the ideas 
surrounding the issue, I have been considering 
the interaction between a user and the wider 
socio-political structure in which they exist.
Trying to creating new modes of production 
which are divorced from distant, private  
companies and are rooted in local, public 
space.

To do this I have been looking at how the user 
interacts with the public environment and how 
they move through a city infrastructure. By 
creating a ‘post-fossil tool kit’, I hope to provide 
cities, communities, organisations and i
ndividuals with the means of sustainable energy 
generation. While existing on a fairly large scale, 
the technologies I am planning to implement 
(footfall generators, solar glass plates etc..)  will 
require both direct and indirect human contact, 
so anthropometric analysis will be necessary. 
Motor skills and physical ability will also be key 
factors. 

The mental/ ‘cognitive’ side to the project is also 
very important as so much of it is about affecting 
cultural dynamics and social behaviour, which 
can be said to originate from the collective 
human factor. It’s crucial to understand the 
cognitive position and ability of users across the 
whole city. 

Human factors user interaction and data 
collection methods like structured interviews, 
group sessions and user journeys have been 
user to built a detailed understanding of 
users and their interaction with the public space.  
Going forwards in the project a more focused, 
product based interactive analysis will be 
taken to develop the specific physical attributes. 
Things like observational analysis and prototype 
engagement will be used to develop the solution 
throughout the next stages of the project.
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About you: 

  Whats your age and occupation ?

  Do you take part in any sports or physical activity ?
  If so, what do you do…

  Do you currently use any health monitoring devices or Apps ?
  If so, what do you use..

  What sort of information would you like to be able to gather or monitor 
  during physical activity ?  
  (things	like	heart	rate,	blood	oxygen	levels,	calories	burned…)

About the Fitbit Flex: 

 On the following scales, how would you rate the Fitbit Flex ? 
  

    Visual aesthetic qualities (how it looks)

    Tactile qualities (how it feels to the touch)

    How easy is it to put on your wrist ?

    How easy is it to adjust ?

    How comfortable is the device when worn on the wrist ? 

 
  
  
 Does the device pose any inconvenience when taking part in sport or physical   
	 activity	?	If	so	are	there	any	specific	issues…

Off-puting Beautiful

Unpleasant Fantastic

Impossible  Simple

Impossible Simple

Not at all Extremely
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