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Appendix D. Segments & Joints MVN 
Analyze Can Measure

Segments
1.	 Pelvis

2.	 L5

3.	 L3

4.	 T12

5.	 Sternum (T8)

6.	 Neck

7.	 Head

8.	 Shoulder (Right, Left)

9.	 Upper Arm (Right, Left)

10.	 Forearm (Right, Left)

11.	 Hand (Right, Left) 

12.	 Upper leg (Right, Left)

13.	 Lower Leg (Right, Left)

14.	 Foot (Right, Left)

15.	 Toe (Right, Left)

* L5 , L3 , T12 , neck , and toes do not have 
a sensor attached and their movement is 
estimated by combining the information of 
connected segments and the biomechanical 
model

Joints:
1.	 L5-S1

2.	 L4-L3

3.	 L1-T12

4.	 T9-T8

5.	 T1-C7

6.	 C1-Head

7.	 T4-Shoulder (Right, Left)

8.	 Shoulder (Right, Left) 

9.	 Elbow (Right, Left)

10.	 Wrist (Right, Left)

11.	 Hip (Right, Left)

12.	 Knee (Right, Left)

13.	 Ankle (Right, Left)

14.	 Ball of Foot (Right, Left)
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Principles for User Interface Design
In developing user interfaces, there are 
developed principles that can be used as a 
guide when designing user interfaces.

Jakob Nielsen’s Usability Heuristics
1. Through feedback, communicate with the 
user about the status of the system.

2. The system should use the same 
language, terminology, and concepts as the 
user experiences in the real world.

3. Give the user control and freedom by 
presenting a clear way to exit out of an 
unwanted action and supporting undo and 
redo.

4. Be consistent and follow established 
conventions.

5. Prevent the user from making errors 
by having a confirmation option before 
committing to an action, supporting undo, 
and not requiring users to memorize 
extensive information to operate the 
system.

6. Minimize the amount of information that 
users have to remember.  This can be done 
by making objects, actions, and options 
visible and providing help when operating 
the system.

7. Incorporate accelerators and allow for 
customisation such that expert users can 
speed up how they use the system.

8. Keep the content and visual design 
as minimalistic as possible, only include 
essential information and elements. 

9. Format error messages such that they 
are easy to recognize and tell the user 
precisely what went wrong in terminology 
that they will understand.

10. Documentation created to help instruct 
users how to use the interface should list 

concrete steps that the user has to carry 
out and should not be extensive. If possible, 
provide such documentation when it is 
required as the user is using the system. 
(Nielsen, 2005; Nielsen, 2020).

Tuft Grand Principles
1. Enforce visual comparisons through 
thickness, color, weight, and size.

2. Show causality

3. Show multiple variables.

4. Integrate text, graphics, and data in one 
display rather than placing all information in 
a legend.

5. Ensure the content has quality, relevance, 
and integrity

6. When showing changes over time, 
display the changes adjacent in space, not 
staked in time.

7. Do not de-quantify quantifiable data 
(Cooper et al., 2014)

Gestalt  Principles
1. Similarity: Similar elements are grouped 
together. This can be done by color, shape, 
or size.

2. Continuation: An intersection between 
two or more elements is perceived as a 
single uninterrupted object.

3. Closure: Even though the elements do 
not touch each other, there is a visual 
connection or continuity between the 
elements.

4.  Proximity: Elements close together are 
perceived to be more related than elements 
spaced farther apart

5. Figure / Ground: Objects are perceived 
as either being in the foreground or 
background.

Appendix E. Principles of User Interface 
Design

17



6. Symmetry: An object is seen as 
symmetrical shapes that form around a 
center (“6 Gestalt Principles”, n.d.).

Figure FIXME. Gestalt Principles (Burkhard, 2005)

User Interface Design Parameters
Element, arrangement, and behavior are 
key factors in interface design. Within these 
elements, there are parameters that should be 
taken into account (Figure FIXME) (van Kuijk, 
2021).

Element Arrangement Behavior

Size Position Show

Shape Order Highlight

Material Grouping Timing

Color Spacing Transitions

Contrast Containers Movement

Text Dividers

Icons Mapping

Texture

Haptic

Auditory

Figure FIXME. Interface Design Parameters

- Implement affordances. These include, but not 
limited to:

-  It should be obvious to the user what 
is clickable. This can be done by shape 
(buttons, tabs), location (in a menu bar), 
and formatting (color and underlining) 
(Krug, 2014)

- Use shading and highlights to give 
buttons affordance (Figure FIXME) (Cooper 
et al., 2014)

Figure FIXME. Using shading and highlights on 
buttons

Layout
- Layouts containing an odd number of elements 
tend to stand out more (Barry, 2021).

- Create effective visual hierarchies

- The most important elements should be 
larger, bolder, in a distinctive color, set off by 
more space, or near the top of the page

- Items that are related logically should also 
be related visually. This can be done by 
grouping items, having them all in the same 
visual style, or placing them in one defined 
area.

- Nest items to show what they are a part of. 

- Take into account the order or the tasks and 
how the user scans the screen (Krug, 2014).

- If using multiple headings, ensure there is a 
distinction between them and that the heading 
is closer to the section it pertains to than the 
section it follows (Figure FIXME)

Figure FIXME. Heading Examples

Usability
- Use conventions when possible. These include, 
but not limited to:

- The primary navigation is located across 
the top of the screen or down the left side

- Icons, such as the search icon or the play 
button for a video (Krug, 2014)
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- Divide the screen into clearly defined areas. 
This allows the user to immediately decide 
which areas of the screen they should focus on 
or ignore.

- Avoid noise and clutter (Cooper et al., 2014)

- Every screen should have a name. The page 
name should be in correspondence with 
the screen’s visual hierarchy and should be 
prominent. 

- For self-evident operation of the interface, tabs 
should be used for navigation (Krug, 2014)

Figure FIXME. Navigation Tabs

- Designing icons:
- Beware of metaphors and representations 
that have unintended means for users

- Avoid excessive visual detail 

- Reuse icons throughout the design so 
that the user only needs to learn them 
once.

- Should be simple and schematic. A 
minimal number of colors and shades are 
used and not too large in size.

- Related functions should be visually 
related through space, color, or theme. 
(Cooper et al., 2014)
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Appendix G. Questionnaire on Current 
Gait Assessment

21



22



Appendix H. Participant Information 
Letter
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Appendix I. Participant Consent Form
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Appendix J. Work Flow Interview 
Questions

Physiotherapist
Do you deal with more traumatic or non-
traumatic SCI?

Do you deal with more outpatient or inpatient 
rehabilitation?

What  do you do the first time you see the 
patient? Do you conduct any specific tests?

How much time passes between the patient 
seeing the physician for the first time and 
seeing you for the first time? 

How many times a week does the patient go 
the physical therapy?

How long is a therapy session?

Throughout the rehab process what are your 
emotions (frustration, happiness, etc.)? What is 
the patient emotions?

Does the patient see anyone else beside you 
and the physician for walking rehabilitation?

How long are your meetings with the 
physicians?

How long does incomplete SCI stay in rehab?

Do non-traumatic injuries go to rehab or is 
outpatient?

How long does it take to get an orthosesis?

Difference between outpatient and inpatient?

When a gait lab is conducted do you look at the 
data?

How long do you wait until trying gait lab or 
orthesis?

Physician
What  do you do the first time you see the 
patient? Do you conduct any specific tests?

Do you conduct the surgery or just refer them 
to a specialist?

How long do you analyze the gait lab data for 
before you make a decision?

Are surgical interventions common?

What is the time between the leave the hospital 
and see you for the first time. Time between 
seeing you and the physiotherapist?

Timeline from when patient enters hospital to 
when they are completely done with physical 
therapy

After the patient leaves Rijndam, do you see 
them again for follow up appointments? If so, 
how often?

Gait Lab Specialist
What is process for a laboratory gait analysis?

How long does a test take? How long to analyze 
the data?

What happens to the data after you are done? 
Who looks at the data?

What type of workers conduct the gait lab?

What happens with the patient after monthly 
meeting?
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Appendix L. Questionnaire Affinity 
Diagrams
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to focus on 
in therapy

C.CO. where 
the 
training/treat
ment should 
be focused on

C.CO. to see if 
the training/ 
treatment has 
helped to 
improve the gait

C.CO. give specific 
exercises to 
improve the gait 
or to adjust the 
exercises

C.CO. which 
walking aid 
can be used

C.CO. to decided 
whether walking 
is safe (With or 
without walking 
aid)

C.CO. to see 
if there has 
been any 
improvement

D.CO. testing 
possible cause for 
deviation (muscle 
strength, joint 
mobility, 
spasticity, etc.)

D.CO. 
evaluate the 
effect of the 
treatment

D.CO. 
adjusting 
the 
treatment

D.CO. try an 
orthesis and 
do a gait 
assessment to 
compare

E.C. If it is 
necessary 
to use 
braces

E.C. To give 
good 
exercises to 
improve

E.C. For the 
amputees 
to align the 
prothesis

F.CO. which 
type of 
orthesis will be 
the best choice 
for the patient

G.CG. 
Indication for 
treatment or 
walking aid

G.CG. 
education

H.CG. prescription 
orthhoses, 
orthopedic shoes, 
walking aids (such 
as cains, crutches), 
and the need for 
rehab/training

I.CGO. choice 
of local 
spasticity 
treatment or 
not

I.CGO. 
choice of 
orthoses / 
shoes

I.CGO. choice 
to operate or 
not to operate 
and if so, what 
then?

I.CGO. 
Choice of 
exercise 
therapy

N.CO. to evaluate 
if botuline toxine 
injecton or 
spasmolitic 
intervention/drug
s is needed

K.CO. what 
is the right 
treatment

K.CO. what 
is the right 
orthosis

L.C. if a 
ortheses is 
needed or 
what kind of 
orthese

L.C. is 
medicine for 
spasticity is 
needed

L.C. what 
exercises 
could help to 
optimize their 
gait

M.C. assessing 
orthopedic 
shoe and 
orthosis need

M.C. 
Assessing 
treatment 
of spasm

N.CO. to make a 
place for orthesis, 
orthopedic shoes, 
leg- prosthesis

N.CO. to evaluate 
the effect after 
providing an 
orthesis, injection, 
etc.

O.CG. what 
type of 
walking aid 
is needed

O.CG. what 
kind of 
physical 
therapy is 
needed

P.CG. whether to 
treat a patient 
with botuline 
toxine and which 
muscles

P.CG. whether 
orthoses will 
help and on 
which 
parameters

P.CG. Whether 
orthopedic 
surgery might 
be helpful

Q.CG. for 
treatment 
of the 
spasticity

A.CO. Easy 
accessible 
way to make 
gait objective

A.CO. See 
difference 
between with or 
without adaption/ 
orthosis/ shoes/ 
walking aids etc

B.C. Objective, 
structured, 
and precise 
registration

C.CO. more 
specific measures 
of angles of the 
joints and centre 
points of gravity

C.CO. compare 
before and 
after a couple 
of weeks of 
treatment

D.CO. visual 
feedback for 
the patient

D.CO. easy to 
compare (for 
example the 
effect of using 
an orthesis)

D.CO. for more 
complex 
issues, the gait 
lab takes a lot 
of time

D.CO. less 
time 
consuming

D.CO. Simple 
and fast 
interpretation

D.CO. 
easy to 
use

D.CO. can 
be used in 
different 
settings

E.C. which 
muscles 
work 
exactly

E.C. the 
possibility to 
look in parts/ 
slow motion

J.CGO. 
measurements for 
compensatory 
movements of the 
trunk, upper 
extremities, and 
head

F.CO. getting useful 
and objective 
information which 
can be interpreted 
more easily

F.CO. 
something 
that is less 
time 
consuming

F.CO. something 
which won't 
effect the 
walking pattern

G.CG. easily 
accessible gait 
analysis for 
the clinician 
patient report

G.CG. a 
summary 
which is 
simple to 
understand

H.CG. most 
can be 
detected by 
the clinical eye

H.CG. 
detecting 
cause of stiff 
knee gait may 
be difficult

H.CG. Laboratory 
gait analysis: 
obtrusive, time 
consuming, 
interpretation of 
results is difficult

J.CGO. 
measurement 
of energy 
consumption 
during gait

K.CO. it is 
straightforward, 
people use for 
example more 
compensation when 
they turn or perform 
dual tasks

L.C. more 
detailed and 
objective way 
to assess gait

M.C. it is all 
rather based 
on expert 
opinion right 
now

N.CO. an easy 
app for my 
phone to 
replay video in 
slow motion

N.CO. an easy app 
for my phone to 
manually measure 
angles of the 
knee/ankle when 
the video is set on 
pause

O.CG. It 
must be 
easy to use

O.CG. It must 
not be too big 
(as we do not 
have an extra 
room)

P.CG. direct access 
to the most 
important 
parameters of push 
off and muscle 
activation patterns

F. CO. 
osseointegration

SCI 
(10)

Amputees 
(8)

Neurological 
Disorders  (MS, 

CP, Stroke, 
Brain Injuries) 

(12)

K. CO. 
Stroke

Orthopedics 
(3)

J. CGO. 
Neuromuscular 

disorders

I. CGO. 
Peripheral 

polyneuropathy 
/ HMSN

I.  CGO. 
NAH  

(CVA, TBI)

F. CO. 
after multi 

trauma

A. 
Clinical 
Eye

Clinical 
Eye (17)

Gait 
Lab (7)

A. Video and 
photo analysis 
(mostly by 
phone)

B. 
Clinical 
Eye

C. 
Clinical 
Eye

D. 
Clinical 
Eye

E. 
Clinical 
Eye

F.  
Clinical 
Eye

G. 
Clinical 
Eye

H. 
Clinical 
Eye

I. 
Clinical 
Eye

J. 
Clinical 
Eye

K. 
Clinical 
Eye

F. Using Walking 
Tests (6 minutes 
walking test, 10 
meter walking test, 
Ganganalyselijst 
Nijmegen)

I. Walking clinic 
weekly with 
standardized 
physical 
examination

L. 
Clinical 
Eye

I. Gait 
Lab

D. Video 
+ Clinical 
Eye

H. 
Clinical 
Eye

G. Gait 
Lab

C. C- 
Mill

C. 
Video

Video 
(5)

Participant 
ID. Type of 
Analysis

C. 
Zero- G

I. Filming of 
frontal and 
sagittal walking 
without EMG and 
then joint analysis

M. 
Clinical 
Eye

N. 
Clinical 
Eye

O. 
Clinical 
Eye

P. 
Clinical 
Eye

N. Make a 
video with 
my phone

K. C- 
Mill

J. Physical 
Examination

J. Gait 
Lab

Q. 
Clinical 
Eye

Q. Gait 
Lab

P. Gait 
Lab

O. Gait 
Lab

C- Mill & 
Zero- G 
(2)

Physical 
Examination 
(2)

Walking 
Tests (1

B.C. To 
assess 
safety

B.C. To assess 
problems to 
work on in 
therapy

B.C. To 
evaluate 
changes 
over time

B.C. Evaluate 
Use of 
walking aids 
and orthoses

C.CO. To see 
where the 
main problem 
is during gait

C.CO. To see 
how the gait can 
be improved in 
distance and 
quality

C.CO. To see 
which walking 
aid can 
improve 
walking

D.CO. To 
diagnose 
deviations 
of the gait

D.CO. To evaluate 
and optimize the 
gait/treatment 
(for optimizing the 
gait)

D.CO. To compare 
a treatment (for 
example compare 
the gait with 
different orthesis)

E.C. Because it 
can help the 
patient to 
improve his 
walking

F.CO. To 
guide 
treatment 
plan

F. To get 
information 
where I will 
focus on during 
my therapy

G.CG. With 
clinical eye 
and/or 
video tape

H.CG. For 
diagnostics (if an 
intervention 
(orthosis/shoe/wa
lking aids or 
rehab) needed)

H.CG. For 
evaluation (of 
the 
intervention)

I.CG.  Interesting 
and useful to 
determine policy 
to optimize 
walking in my 
patients

I.CG. Interesting 
and useful to 
determine the 
good effect of 
an intervention

J.CG. To 
understand 
underlying 
problems

J.CG. To 
select or 
evaluate 
interventions

K.CO. To 
determine 
the best 
treatment

K.CO. To 
evaluate a 
treatment

M.C. Rarely, but if 
i do mostly 
assessing 
orthopedic shoe 
and orthosis need

M.C. Assess 
treatment 
of spasm

N. To make a plan 
for orthesis, 
orthopedic shoe, 
leg- prosthesis

N.CO. To evaluate 
if botuline toxine 
injection or 
spasmolitic 
intervention/drug
s is needed

N.CO. To evaluate 
the effect after 
providing an 
orthesis, injection, 
etc.

O.CG. 
Choosing an 
adequate 
walking aid

O.CG. To make 
an optimal 
therapy plan 
for optimizing 
gait

Q.CG. To 
determine 
which muscle 
to treat 
botuline

Evaluate 
intervention

Diagnose 
Diviations / 
figure out 
problem

Choosing 
what to 
do

To give 
feedback 
to patients Other

B.C. To 
assess 
safety

B.C. To assess 
problems to 
work on in 
therapy

B.C. To 
evaluate 
changes 
over time

B.C. Evaluate 
Use of 
walking aids 
and orthoses

C.CO. To see 
where the 
main problem 
is during gait

C.CO. To see 
how the gait can 
be improved in 
distance and 
quality

C.CO. To see 
which walking 
aid can 
improve 
walking

D.CO. To 
diagnose 
deviations 
of the gait

D.CO. To evaluate 
and optimize the 
gait/treatment 
(for optimizing the 
gait)

D.CO. To compare 
a treatment (for 
example compare 
the gait with 
different orthesis)

E.C. Because it 
can help the 
patient to 
improve his 
walking

F.CO. To 
guide 
treatment 
plan

F. To get 
information 
where I will 
focus on during 
my therapy

H.CG. For 
diagnostics (if an 
intervention 
(orthosis/shoe/wa
lking aids or 
rehab) needed)

H.CG. For 
evaluation (of 
the 
intervention)

I.CG.  Interesting 
and useful to 
determine policy 
to optimize 
walking in my 
patients

I.CG. Interesting 
and useful to 
determine the 
good effect of 
an intervention

J.CG. To 
understand 
underlying 
problems

J.CG. To 
select or 
evaluate 
interventions

K.CO. To 
determine 
the best 
treatment

K.CO. To 
evaluate a 
treatment

M.C. Rarely, but if 
i do mostly 
assessing 
orthopedic shoe 
and orthosis need

M.C. Assess 
treatment 
of spasm

N. To make a plan 
for orthesis, 
orthopedic shoe, 
leg- prosthesis

N.CO. To evaluate 
if botuline toxine 
injection or 
spasmolitic 
intervention/drug
s is needed

N.CO. To evaluate 
the effect after 
providing an 
orthesis, injection, 
etc.

O.CG. 
Choosing an 
adequate 
walking aid

O.CG. To make 
an optimal 
therapy plan 
for optimizing 
gait

Q.CG. To 
determine 
which muscle 
to treat 
botuline

3. Evaluate 
intervention

1. Diagnose gait 
deviations / Figure out 
underlying problems

2. To determine 
what to do / 
treatment

To help patients 
improve their 
walking

Evaluate the effect of a 
treatment/intervention 
(after implementation)

Evaluate/Compare different 
orthesis and walking aids to 
select which one (if any) to 
use (in real time)

Why Clinicians 
Assess Gait

Evaluate changes 
over time (long 
term affects)

3. To pinpoint which areas to 
focus on (in therapy and/or 
treatment). Know what they 
will do. Now trying to figure 
out in what areas

1. Diagnostics / to 
determine if a treatment 
is needed (orthosis, 
botox, medicine, etc.)

2. To guide a treament plan to best 
optimize walking. So it is already 
known that treatment will be 
needed and now they need to figure 
out  the best way / select which 
treatment to use

Setting goals 
with patient to 
improve walking

Give feedback 
to patient

Evaluate 
patient walking

A.CO.  Trying to 
objectively describe 
the gait and relate it 
to factors like, 
muscle force/ 
spasticity/ mobility 
etc.

B.C. Left- 
right 
differences

B.C. 
Abnormalities

B.C. 
Balance 
loss

B.C. 
Ease of 
walking

C.CO. The 
pattern of 
walking

C.CO. the 
angle of the 
lower limb 
joints

C.CO. 
Comparison 
between left 
and right 
during walking

C.CO. are there 
any 
compensations 
during walking

C.CO.  with the C- 
mill you can see the 
pattern of force 
during stand phase 
which can be used 
to inform the 
patient

C.CO, In videos 
you can 
estimate the 
centre point of 
gravity

D.CO. 
General 
posture

D.CO. Joint 
angles in the 
different 
phases (hip, 
knee, ankle)

D.CO.  'stability' 
of the hip, knee, 
and ankle 
(including 
Trendelenburg)

D.CO. Initial 
contact of 
the foot

D.CO.fo
otplace
ment

D.CO. 
clearance 
of the foot

D.CO. 
gait 
width

D.CO. 
(a)symmetry

D.CO. trunk 
movement 
(including 
Duchenne, 
trunkrotation)

D.CO. 
circumduction

D.CO. 
stance 
duration

E.C. 
toe- off

E.C. stand 
phase 
length

E.C. hip 
stability

E.C. knee 
extension

F.CO. 
Walking 
speed

F.CO. 
Walking 
distance

F.CO. Foot 
clearance 
during 
swing phase

F.CO. 
heelstrike

E.C. 
heelstrike

F.CO. 
toe off

G.CG. 
Stability in 
standing

F.CO. 
centre 
of mass

F.CO. range of 
flexion/extension 
in hip/knee/ankle 
in different 
phases of walking

F.CO. Whether 
there is 
circumduction, 
Trendelenburg, 
Duchenne

G.CG. Foot 
clearance 
in swing

G.CG. 
Prepositioning 
of the foot in 
terminal swing

G.CG. 
Step 
length

G.CG. 
Efficiency of 
walking joint 
mobility

G.CG. 
Muscle 
strength/w
eakness

G.CG. 
balance 
use of 
walking aid

H.CG. 
Differences 
before and 
after 
intervention

H.CG. 
Stability

H.CG. 
Step 
length

H.CG. Foot 
clearance 
and push 
off

H.CG. 
associated 
ankle 
position

H.CG. hip flexion 
(swing phase) & 
hip extension 
(terminal stance)

H.CG. knee 
flexion (swing) 
& knee 
extension (end 
of swing)

I.CGO. 
kinematics

I.CGO. kinetics 
(especially 
ground 
reaction force)

I.CGO. EMG 
and muscle 
activation 
patterns

I.CGO. 
spatiotemporal 
aspects

I..CGO. effect of 
interventions on 
these parameters 
such as effect of 
local spasticity 
treatment, orthoses, 
or shoes

J.CGO. underlying 
problems that can 
explain why 
someone has 
difficulties in 
walking/stair 
climbing etc.

J.CGO. 
EMG 
patterns

J.CGO. ROM of the 
joints in lower 
extremity in 
different stages of 
the gait cycle

J. CGO. 
compensatory 
movements

K.CO. 
spasm

K.CO. co- 
contraction

K.CO. 
joint 
angles

K.CO. 
center 
of mass

K.CO. energy 
consumption

L.C. Gait 
pattern

L.C. 
Speed

L.C. 
(in)stability

L.C. foot 
clearance

L.C. 
compensations

L.C. knee, 
hip, and 
ankle 
stability

O. Each phase 
of gait 
watching hip, 
knees, and 
feet

P. pattern 
of 
activation

P. push off 
parameters

Time Distance Kinematics Gait 
Stability

Gait 
Variation EMG

A.CO.  Trying to 
objectively describe 
the gait and relate it 
to factors like, 
muscle force/ 
spasticity/ mobility 
etc.

B.C. Left- 
right 
differences

B.C. 
Abnormalities

B.C. 
Balance 
loss

B.C. 
Ease of 
walking

C.CO. The 
pattern of 
walkingC.CO. the 

angle of the 
lower limb 
joints

C.CO. 
Comparison 
between left 
and right 
during walking

C.CO. are there 
any 
compensations 
during walking

C.CO.  with the C- 
mill you can see the 
pattern of force 
during stand phase 
which can be used 
to inform the 
patient

C.CO, In videos 
you can 
estimate the 
centre point of 
gravity

D.CO. 
General 
posture

D.CO. Joint 
angles in the 
different 
phases (hip, 
knee, ankle)

D.CO.  'stability' 
of the hip, knee, 
and ankle 
(including 
Trendelenburg)

D.CO. Initial 
contact of 
the foot

D.CO.fo
otplace
ment

D.CO. 
clearance 
of the foot

D.CO. 
gait 
width

D.CO. 
(a)symmetry

D.CO. trunk 
movement 
(including 
Duchenne, 
trunkrotation)

D.CO. 
circumduction

D.CO. 
stance 
duration

E.C. 
toe- off

E.C. stand 
phase 
length

E.C. hip 
stability

E.C. knee 
extension

F.CO. 
Walking 
speed

F.CO. 
Walking 
distance

F.CO. Foot 
clearance 
during 
swing phase

F.CO. 
heelstrike

E.C. 
heelstrike

F.CO. 
toe off

G.CG. 
Stability in 
standing

F.CO. 
centre 
of mass

F.CO. range of 
flexion/extension 
in hip/knee/ankle 
in different 
phases of walking

F.CO. Whether 
there is 
circumduction, 
Trendelenburg, 
Duchenne

G.CG. Foot 
clearance 
in swing

G.CG. 
Prepositioning 
of the foot in 
terminal swing

G.CG. 
Step 
length

G.CG. 
Efficiency of 
walking joint 
mobility

G.CG. 
Muscle 
strength/w
eakness

G.CG. 
balance 
use of 
walking aid

H.CG. 
Differences 
before and 
after 
intervention

H.CG. 
Stability

H.CG. 
Step 
length

H.CG. 
Foot 
clearance

H.CG. 
associated 
ankle 
position

H.CG. hip flexion 
(swing phase) & 
hip extension 
(terminal stance)

H.CG. knee 
flexion (swing) 
& knee 
extension (end 
of swing)

I.CGO. 
kinematics

I.CGO. kinetics 
(especially 
ground 
reaction force)

I.CGO. EMG 
and muscle 
activation 
patterns

I.CGO. 
spatiotemporal 
aspects

I..CGO. effect of 
interventions on 
these parameters 
such as effect of 
local spasticity 
treatment, orthoses, 
or shoes

J.CGO. underlying 
problems that can 
explain why 
someone has 
difficulties in 
walking/stair 
climbing etc.

J.CGO. 
EMG 
patterns

J.CGO. ROM of the 
joints in lower 
extremity in 
different stages of 
the gait cycle

J. CGO. 
compensatory 
movements

K.CO. 
spasm

K.CO. co- 
contraction

K.CO. 
joint 
angles

K.CO. 
center 
of mass

K.CO. energy 
consumption

L.C. Gait 
pattern

L.C. 
Speed L.C. 

(in)stability

L.C. foot 
clearance

L.C. 
compensations

L.C. knee, 
hip, and 
ankle 
stability

O. Each phase 
of gait 
watching hip, 
knees, and 
feet

P.CG. 
pattern of 
activation

P.CG. push 
off 
parameters

Time Distance

Kinematics

Gait 
Stability

Gait 
Variation

EMG

Muscles

Strength

Muscle spasm / 
contraction/ 
activity

H.CG. 
push off

Foot 
clearance

Push off 
/ toe- off

Foot 
Contact

Heelstrike

R.CG. 
Central 

neurologic 
disease

R. 
Clinical 
Eye

R. Gait 
Lab

R.CG. To 
analyze the 
underlying 
physical 
problem(s)

R.CG. To select 
possible 
medical/para
medical 
interventions

R.CG. The 
patient findings, 
his walking 
related 
difficulties

R.CG. The 
different gait 
elements. 
Compare the 
different to 
'normal' gait

R.CG. passive 
range of 
motion 
(PROM)

R.CG. muscle 
strength, muscle 
tone, sensibility, 
muscle 
coordination

R.CG. Decisions 
about the 
medical or 
physiotherapeut
ic intervention

R.CG. Decisions 
about the type 
of foot orthosis 
that is needed

Duration 
of stance 

phase

Walking 
Speed

Step 
Length

Walking 
Distance

Joint angles 
(extension/flexion
, rotation, 
abduction/adducti
on) --> hip, knee, 
ankle

Foot 
Positioning

stability 
(hip, knee, 
ankle)

center 
of mass

Gait 
Width

Gait 
Pattern

Gait 
Symmetry

Comparison 
against 
normal

Left, right 
differences

Energy 
consumption 
/ efficiency

Difference 
before and 
after 
intervention

Compensatory 
Movements

Walking 
related 
difficulties / 
Abnormalities

General 
Posture

Kinetics 
(Ground 
Reaction 
Force)

B.C. Advise 
concerning 
orthoses

B.C. advice 
concerning 
safe and 
independent 
walking

B.C. what 
to focus on 
in therapy

C.CO. where 
the 
training/treat
ment should 
be focused on

C.CO. to see if 
the training/ 
treatment has 
helped to 
improve the gait

C.CO. give specific 
exercises to 
improve the gait 
or to adjust the 
exercises

C.CO. which 
walking aid 
can be used

C.CO. to decided 
whether walking 
is safe (With or 
without walking 
aid)

C.CO. to see 
if there has 
been any 
improvement

D.CO. testing 
possible cause for 
deviation (muscle 
strength, joint 
mobility, 
spasticity, etc.)

D.CO. 
evaluate the 
effect of the 
treatment

D.CO. 
adjusting 
the 
treatment

D.CO. try an 
orthesis and 
do a gait 
assessment to 
compare

E.C. If it is 
necessary 
to use 
braces

E.C. To give 
good 
exercises to 
improve

E.C. For the 
amputees 
to align the 
prothesis

F.CO. which 
type of 
orthesis will be 
the best choice 
for the patient

G.CG. 
Indication for 
treatment or 
walking aid

G.CG. 
education

H.CG. 
prescription 
orthhoses, 
orthopedic 
shoes

I.CGO. choice 
of local 
spasticity 
treatment or 
not

I.CGO. 
choice of 
orthoses / 
shoes

I.CGO. choice 
to operate or 
not to operate 
and if so, what 
then?

I.CGO. 
Choice of 
exercise 
therapy

J.CGO. 
Prioritise the 
gait problems 
and to select 
interventions

N.CO. to evaluate 
if botuline toxine 
injecton or 
spasmolitic 
intervention/drug
s is needed

K.CO. what 
is the right 
treatment

K.CO. what 
is the right 
orthosis

L.C. if a 
ortheses is 
needed or 
what kind of 
orthese

L.C. is 
medicine for 
spasticity is 
needed

L.C. what 
exercises 
could help to 
optimize their 
gait

M.C. assessing 
orthopedic 
shoe and 
orthosis need

M.C. 
Assessing 
treatment 
of spasm

N.CO. to make a 
place for orthesis, 
orthopedic shoes, 
leg- prosthesis

N.CO. to evaluate 
the effect after 
providing an 
orthesis, injection, 
etc.

O.CG. what 
type of 
walking aid 
is needed

O.CG. what 
kind of 
physical 
therapy is 
needed

P.CG. whether to 
treat a patient 
with botuline 
toxine and which 
muscles

P.CG. whether 
orthoses will 
help and on 
which 
parameters

P.CG. Whether 
orthopedic 
surgery might 
be helpful

Q.CG. for 
treatment 
of the 
spasticity

R.CG. 
Decisions 
about the 
medical 
intervention

R.CG. Decisions 
about the type 
of foot orthosis 
that is needed

Walking 
Aid

Orthesis
Physical 
Therapy

Medical 
Treatment

Choosing 
spasticity 
treatment

Treatment 
Effect

B.C. Advise 
concerning 
walking 
aids

H.CG. 
prescription  
walking aids 
(such as cains, 
crutches)

H.CG. need for 
rehab/training

R.CG. Decisions 
about the 
physiotherapeut
ic intervention

A.CO.  
Giving 
advise in 
walking aids

A.CO.  Giving 
advise in 
orthosis, 
shoe/shoe 
adaption

A.CO.  
Giving 
advise in 
training

B.C. Advise 
concerning 
orthoses

B.C. advice 
concerning 
safe and 
independent 
walking

B.C. what 
to focus on 
in therapy

C.CO. where 
the 
training/treat
ment should 
be focused on

C.CO. to see if 
the training/ 
treatment has 
helped to 
improve the gait

C.CO. give specific 
exercises to 
improve the gait 
or to adjust the 
exercises

C.CO. which 
walking aid 
can be used

C.CO. to decided 
whether walking 
is safe (With or 
without walking 
aid)

C.CO. to see 
if there has 
been any 
improvement

D.CO. testing 
possible cause for 
deviation (muscle 
strength, joint 
mobility, 
spasticity, etc.)

D.CO. 
evaluate the 
effect of the 
treatment

D.CO. 
adjusting 
the 
treatment

D.CO. try an 
orthesis and 
do a gait 
assessment to 
compare

E.C. If it is 
necessary 
to use 
braces

E.C. To give 
good 
exercises to 
improve

E.C. For the 
amputees 
to align the 
prothesis

F.CO. which 
type of 
orthesis will be 
the best choice 
for the patient

G.CG. 
Indication for 
treatment or 
walking aid

G.CG. 
education

H.CG. 
prescription 
orthhoses, 
orthopedic 
shoes

I.CGO. choice 
of local 
spasticity 
treatment or 
not

I.CGO. 
choice of 
orthoses / 
shoes

I.CGO. choice 
to operate or 
not to operate 
and if so, what 
then?

I.CGO. 
Choice of 
exercise 
therapy

J.CGO. 
Prioritise the 
gait problems 
and to select 
interventions

N.CO. to evaluate 
if botuline toxine 
injecton or 
spasmolitic 
intervention/drug
s is needed

K.CO. what 
is the right 
treatment

K.CO. what 
is the right 
orthosis

L.C. if a 
ortheses is 
needed or 
what kind of 
orthese

L.C. is 
medicine for 
spasticity is 
needed

L.C. what 
exercises 
could help to 
optimize their 
gait

M.C. assessing 
orthopedic 
shoe and 
orthosis need

M.C. 
Assessing 
treatment 
of spasm

N.CO. to make a 
place for orthesis, 
orthopedic shoes, 
leg- prosthesis

N.CO. to evaluate 
the effect after 
providing an 
orthesis, injection, 
etc.

O.CG. what 
type of 
walking aid 
is needed

O.CG. what 
kind of 
physical 
therapy is 
needed

P.CG. whether to 
treat a patient 
with botuline 
toxine and which 
musclesP.CG. whether 

orthoses will 
help and on 
which 
parameters

P.CG. Whether 
orthopedic 
surgery might 
be helpful

Q.CG. for 
treatment 
of the 
spasticity

R.CG. 
Decisions 
about the 
medical 
intervention

R.CG. Decisions 
about the type 
of foot orthosis 
that is needed

Giving 
Advice 
Concerning 
Walking Aids

Orthesis 
Decision

Physical 
Therapy

Medical 
Treatment

General - Deciding 
on if walking aid, 
PT, or medical 
treatment is 
needed

To evaluate to effect of 
a treatment (walking 
aid, orthosis, medical, 
physical therapy, etc.)

B.C. Advise 
concerning 
walking 
aids

H.CG. 
prescription  
walking aids 
(such as cains, 
crutches)

H.CG. need for 
rehab/training

R.CG. Decisions 
about the 
physiotherapeut
ic intervention

A.CO.  
Giving 
advise in 
walking aids

A.CO.  Giving 
advise in 
orthosis, 
shoe/shoe 
adaption

A.CO.  
Giving 
advise in 
training

Determining 
is orthesis is 
needed

Selecting 
the right 
type of 
orthesis

If physical 
therapy is 
needed

What to 
focus on 
during 
therapy

Choosing 
exercises / 
Deciding what 
exercises to 
conduct in 
physical therapy

To determine 
if/whether 
botuline toxine or 
spasmolytic 
medicine is 
needed

Deciding if 
surgery is needed 
and if so, what 
type ; To decide 
on surgical 
interventions

Determining 
if a walking 
aid is 
needed

Selecting 
what type of 
walking aid 
is needed

Testing 
possible 
cause for 
deviation

Education

A.CO. Easy 
accessible 
way to make 
gait objective

A.CO. See 
difference 
between with or 
without adaption/ 
orthosis/ shoes/ 
walking aids etc

B.C. Objective, 
structured, 
and precise 
registration

C.CO. more 
specific measures 
of angles of the 
joints and centre 
points of gravity

C.CO. compare 
before and 
after a couple 
of weeks of 
treatment

D.CO. visual 
feedback for 
the patient

D.CO. easy to 
compare (for 
example the 
effect of using 
an orthesis)

D.CO. for more 
complex 
issues, the gait 
lab takes a lot 
of time

D.CO. less 
time 
consuming

D.CO. Simple 
and fast 
interpretation

D.CO. 
easy to 
use

D.CO. can 
be used in 
different 
settings

E.C. which 
muscles 
work 
exactly

E.C. the 
possibility to 
look in parts/ 
slow motion

J.CGO. 
measurements for 
compensatory 
movements of the 
trunk, upper 
extremities, and 
head

F.CO. getting useful 
and objective 
information which 
can be interpreted 
more easily

F.CO. 
something 
that is less 
time 
consuming

F.CO. something 
which won't 
effect the 
walking pattern

G.CG. easily 
accessible gait 
analysis for 
the clinician 
patient report

G.CG. a 
summary 
which is 
simple to 
understand

H.CG. most 
can be 
detected by 
the clinical eye

H.CG. 
detecting 
cause of stiff 
knee gait may 
be difficult

H.CG. Laboratory 
gait analysis: 
interpretation of 
results is difficult

J.CGO. 
measurement 
of energy 
consumption 
during gait

K.CO. it is 
straightforward, 
people use for 
example more 
compensation when 
they turn or perform 
dual tasks

L.C. more 
detailed and 
objective way 
to assess gait

M.C. it is all 
rather based 
on expert 
opinion right 
now

N.CO. an easy 
app for my 
phone to 
replay video in 
slow motion

N.CO. an easy app 
for my phone to 
manually measure 
angles of the 
knee/ankle when 
the video is set on 
pause

O.CG. It 
must be 
easy to use

O.CG. It must 
not be too big 
(as we do not 
have an extra 
room)

P.CG. direct access 
to the most 
important 
parameters of push 
off and muscle 
activation patterns

Easily 
accessible

Easy 
to use

Easy to 
understand

Specific 
measurments

Used in 
different 
settings

Time Objective 
information

H.CG. 
Laboratory 
gait analysis: 
time 
consuming

Not effect 
walking 
patern

H.CG. 
Laboratory 
gait analysis: 
obtrusive

Effect of 
intervention 
/ Compare 
Orthesis

Patient 
Feeback Size

A.CO. Easy 
accessible 
way to make 
gait objective

A.CO. See 
difference 
between with or 
without adaption/ 
orthosis/ shoes/ 
walking aids etc

B.C. Objective, 
structured, 
and precise 
registration

C.CO. more 
specific measures 
of angles of the 
joints and centre 
points of gravity

C.CO. compare 
before and 
after a couple 
of weeks of 
treatment

D.CO. visual 
feedback for 
the patient

D.CO. easy to 
compare (for 
example the 
effect of using 
an orthesis)

D.CO. for more 
complex 
issues, the gait 
lab takes a lot 
of time

D.CO. less 
time 
consuming

D.CO. Simple 
and fast 
interpretation

D.CO. 
easy to 
use

D.CO. can 
be used in 
different 
settings

E.C. which 
muscles 
work 
exactly

E.C. the 
possibility to 
look in parts/ 
slow motion

J.CGO. 
measurements for 
compensatory 
movements of the 
trunk, upper 
extremities, and 
head

F.CO. getting useful 
and objective 
information which 
can be interpreted 
more easily

F.CO. 
something 
that is less 
time 
consuming

F.CO. something 
which won't 
effect the 
walking pattern

G.CG. easily 
accessible gait 
analysis for 
the clinician 
patient report

G.CG. a 
summary 
which is 
simple to 
understand

H.CG. most 
can be 
detected by 
the clinical eye

H.CG. 
detecting 
cause of stiff 
knee gait may 
be difficult

H.CG. Laboratory 
gait analysis: 
interpretation of 
results is difficult

J.CGO. 
measurement 
of energy 
consumption 
during gait

K.CO. it is 
straightforward, 
people use for 
example more 
compensation when 
they turn or perform 
dual tasks

L.C. more 
detailed and 
objective way 
to assess gait

M.C. it is all 
rather based 
on expert 
opinion right 
now

N.CO. an easy 
app for my 
phone to 
replay video in 
slow motion

N.CO. an easy app 
for my phone to 
manually measure 
angles of the 
knee/ankle when 
the video is set on 
pause

O.CG. It 
must be 
easy to use

O.CG. It must 
not be too big 
(as we do not 
have an extra 
room)

P.CG. direct access 
to the most 
important 
parameters of push 
off and muscle 
activation patterns

System / 
Interface is 
easy to use

For the data is 
presented in 
simple and easy 
to understand 
way

Detailed 
kinematic 
measurements

Improved --> It 
can be used in 
different settings 
and/or during 
therapy sessions

Gait lab is time 
consuming ; 
Less time 
consuming than 
current gait lab

Provides a more 
objective way to 
assess gait than 
current clinical 
eye

H.CG. 
Laboratory 
gait analysis: 
time 
consuming

Does not 
impact/effect 
patient 
walking 
pattern

H.CG. 
Laboratory 
gait analysis: 
obtrusive

See Effect of 
intervention 
/ Compare 
Orthesis

Being able to 
provide visual 
feedback to 
patients 
Patient

System 
cannot be 
too big

Data 
Interpretation 
/ Presentation

Missing 
Features & 
Parameters

Use

A.CO. Easy 
accessible 
way to make 
gait objective

F.CO. getting useful 
and objective 
information which 
can be interpreted 
more easily

Possibility 
to looks in 
parts/slow 
motion

Measurement 
of energy 
consumption

Physician
Physio- 

therapist

Participant #. 
Assessment 
Method
C - Clinical Eye
G - Gait Lab
O - Other
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Appendix M. Focus Group Results
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Single / Double Support Time

Walking Speed

Stand / Swing Time

Step / Stride Length

Prepositioning of Foot in Swing

Foot Placement in Stance

Clearance in Swing

Joint Angles

Base of Support

Position Center of Mass (CoM)

Gait Symmetry

Step to Step Variation

Viewing Parameters

End of Trial Both Real Time Not Needed

0 2 4 6 8 10 12 14 16

Head

Neck

Shoulder

Arm

Hand

Areas of Upper Body They Want 
Information For

Great Need Some Need No Need
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0 2 4 6 8 10 12 14 16

Left & Right Difference for Time

Left & Right Difference for Distance

Left & Right Difference for Kinematics

Left & Right Difference for Joint Angles

Normal Values for Time

Normal Values for Distance

Normal Values for Kinematics

Normal Values for Joint Angles

Normal Values for Stability

Normal Values for Gait Variation

Compare Results Between Sessions

Compare Results Between Patients

Great Need Some Need No Need

0 2 4 6 8 10 12

Time

Distance

Kinematics

Joint Angles

Stability

Gait Variation

Numbers Numbers & Graphs Numbers & Animations
Not Sure Graphs Graphs & Animations
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Appendix N. Focus Group Affinity 
Diagrams
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B.C. 
objectify 
subtle 
differences

C.CO. when 
it is easy to 
use

C.CO. 
When it is 
easy to use

C.CO. to see small 
differences in 
walking (when 
you don't exactly 
know where the 
problem is)

C.CO. To show 
differences before 
and after 
treatments or to 
see progression 
during time

F.CO. when 
making a 
choice in the 
right 
(foot)orthesis

F.CO. knowing which 
parameters i have to 
focus on (improving 
walking speed, 
walking distance, 
stability, strength, 
mobility of joints)

A.CO. It could be easier 
to make a connection 
between the clinical 
eye, the animation, and 
to confirm it with 
numbers and graphics

E.C. When 
it is fast 
and easy

E.C. When it 
is difficult to 
see with my 
own eyes

G.CG. to try 
out walking 
devices

G.CG. for 
screening and 
comparing 
different 
situations in a 
short time

G.CG. to measure 
a direct treatment 
effect and give 
treatment 
recommendations

G.CG. if you are 
looking at 
different stages 
(muscle strength, 
spasticity, etc.)

G.CG. if you have 
surgery indication then 
I wouldn't trust an 
animation and would 
rather have the 
detailed gait analysis 
like Herwin is doing

J.CGO. when 
you compare 
results of 
different gait 
assessments

L.CO. compare 
between botox 
or not, 
ortheses

L.CO. Give 
feedback 
on walking 
pattern

R.CG. to use in 
gait training, 
giving instant 
feedback to 
patients

R.CG. See 
value in gait 
analysis 
(diagnostic)

O.CG. For making 
decisions for a 
walking aid (in 
stroke and 
amputee)

O.CG. For 
choosing 
therapy 
goals

H.CG. should 
be very easy to 
use and 
interpretation 
should be easy

H.CG. detect 
differences 
after 
intervention

H.CG. Diagnosing 
subtle problems 
that are difficult 
to detect with the 
clinical eye

M.C. 
intervention/ 
treatment 
individual 
patients

I.CGO. would be 
useful for brain 
damage patients 
because it is easy 
to put the system 
on

N.CO. assessing 
knee flexion in 
stiff knee gait, 
before and after 
lidocaine rectus 
femoris

N.CO. ability to 
play slow motion 
and repeat video 
to assess more 
complex gait

N.CO. assessing 
clearance, 
heelstrike and 
valgus/varus 
ankle orthesis or 
shoe

N.CO. with 
clearance 
problem: examine 
if the problem is 
from hip, knee or 
ankle level

Q.CG. 
Orthesis 
Prothesis

B.C. when it 
is easy, 
quick, and 
accessible

B.C. when it 
offers 
information and 
feedback above 
clinical eye

C.CO. 
easy to 
use

C.CO. easy 
to compare 
with 
'normal'

F.CO. getting 
useful and 
objective 
information

F.CO. less 
time 
consuming

F.CO. quick 
overview of 
results for me 
(and patient)

A.CO. 
depends on 
how easy it 
is to use

A.CO. 
depends on 
easy access

A.CO. depends 
on how much 
time does it 
take

A.CO. it 
depends how 
easy can you 
make the 
report

E.C. when 
it is fast 
and easy

E.C. when I 
can help the 
patient with 
the outcome

G.CG. to be able 
to compare 
different sessions 
so you do not 
have to rely on 
your memory

G.CG. to be 
able to 
visualize to a 
patient how 
they walk

G.CG. Visualize to 
patients to explain 
intervention or next 
steps. Has to be in a 
way that is not too 
technical and is 
practical

G.CG. easy and 
accessible. Will 
use clinical eye for 
simple questions 
if it is a hassle

J.CGO. the 
use of 
animations

J.CGO. 
more 
objective

J.CGO. 
Comparison of 
different 
sessions. better 
to compare

J.CGO. use it to 
discuss with other 
therapists with 
only needing a 
quick look

J.CGO. would like 
to use it to show 
the patients what 
they see and 
change after an 
intervention

L.CO. more 
detailed 
information

L.CO. 
more 
precise

R.CG. It is 
very useful to 
gain powerful 
data

O.CG. easy to use 
(not too much 
preparation and 
you have 
immediate 
results)

O.CG. It is 
small (so it 
doesn't take a 
lot of space)

H.CG. should 
be better 
than the 
clinical eye

H.CG. should 
be more easy 
than 
laboratory gait 
analysis

H.CG. 
should be 
very easy 
to use

H.CG. 
should not 
be time 
consuming

H.CG. 
interpretation 
should be very 
easy

M.C. easy 
accessibility

M.C. real time 
visualizations 
of the analysis

I.CGO. 
convenience and 
you do not need a 
laboratory to use 
it

I.CGO. be 
used in 15 
minutes or 
less

I.CGO. for surgeries 
when your have to 
know more about 
the patient than just 
clinical eye. Then 
EMG and rotations 
are important

I.CGO. 
interested in 
being able to 
show results 
to patients

N.CO. ability 
to play in 
slow motion 
and repeat

N.CO. ability to 
measure 
angles of hip, 
knee, and 
ankle

Q.CG. 
more 
accurate

Q.CG. 
quick 
advice

P.CG. providing 
information in 
real time would 
be of real added 
value

want to have the 
option to see all 
parameters but 
not at the same 
time

with clinical eye is 
difficult to determine 
joint angles and 
stand/swing time 
without having to look 
at video for a while

parameters in 
both are the 
ones they look 
at with clinical 
eye

difficult to make a 
choice because not 
used to having 
parameters 
available in real time

real time 
parameters obvious, 
things 
patients/people may 
ask her about, those 
she need quick 
information about

kinematics and 
joint angles are 
really basic things 
for gait so want 
them in real time 
and at the end

Single / Double 
Support Time is not 
needed because she 
finds it so obvious 
and still unsure 
what it adds

Add trunk control 
because  trunk 
has a lot of 
influence of gait 
and ability and 
balance

parameters 
depend on 
the patient  / 
their disease

difficult for Tebbe 
to select 
parameters 
because he does 
not use gait 
analysis that often

put parameters in 
not needed 
because he does 
not know what 
they are for or 
what they are

important for 
the interface 
to get to the 
point

for the parameters 
summarized at the end 
of trial she currently 
does not do anything 
with them until 
analysing after the trial 
is done

she thinks she will 
only use the system 
when applying 
interventions, not 
when just assessing 
someone for the 
first time

currently test is 
conducted by therapist 
and then she looks at 
the information while 
the patient is still 
hooked up the gait 
assessment equipment

Not 
needed: paramete
rs that she does 
not do anything 
right now with 
them

does not have 
time during 
the session to 
look at the 
interface

gait symmetry is 
covered in other 
parameters 
(stride length, 
step to step 
variation)

most 
important 
parameters 
in both

put parameters 
in real time that 
she wants to 
use for analysis

put parameters in 
real time the ones 
she wanted to 
give feedback 
during the person 
walking.

Put parameters at 
end that she 
wants to give 
feedback after 
they are done 
walking.

For both she 
wants to mainly 
give feedback 
during walking, 
but also maybe 
after

- there is an overlap 
between 
stand/swing time 
and single/double 
support time so only 
need one or the 
other

did not put much, 
if anything, as not 
needed because 
everything is of 
interest

parameters 
depend on 
patient and what 
your goal of the 
gait assessment is

real time 
parameters: 
parameters to get 
the big picture of 
what is happening

parameter 
selection depend 
on the question 
you are trying to 
answer more so 
than the patient

step to step 
variation and 
CoM are the 
most 
important

want to see 
the most 
important 
parameters in 
real time

- the joint angles will 
not be different in 
each step. In each 
step they will be the 
same so it can be 
summarized at the 
end

The most 
important things 
prepositioning of 
foot in swing, foot 
placement, and 
clearance in swing

would like 
information 
about the 
push- off

If it is a very 
asymmetric walking 
pattern it might be 
interesting to see how 
it is summarized but 
also how it varies over 
steps

For the clearance is 
it at every step or is 
it at the end when 
someone is getting 
tired. So I want to 
know how it evolves 
over time

does not use 
single/double 
support time

are interested 
in arms 
moving (arm + 
shoulder)

Put head in 
some need but 
it is more about 
neurological 
information

Shoulder is in great 
need because relates 
to trunk control. More 
important than arms. 
Arms give mor 
information about 
balance

another application 
would be for people 
steering their 
wheelchair with 
their head then the 
head and neck area 
would be of interest

arm is 
important 
for keeping 
balance

some need for 
shoulder because 
physiotherapists 
move and 
manipulate the 
shoulder so much

she now does 
not use the 
upper body 
segments

she would 
like the 
full avatar

joint angles of lower 
body is more 
important but also 
would be interesting 
to see for the upper 
body

shoulder 
and arm are 
the most 
important

interested 
in trunk 
rotation

greatest need 
is to see the 
swing of the 
arm

shoulder’s 
importance depends 
on type of disease a 
person has. For a 
stroke shoulder is 
important

want to see 
the shoulder 
to see if the 
person is 
swaying

having an avatar 
of the upper body 
is enough. Do not 
need the joint 
angles and 
segment positions

having an avatar 
of the upper body 
is enough. Do not 
need the joint 
angles and 
segment positions

currently 
manly 
focuses on 
the legs

want to know 
the position of 
the head to see 
how someone is 
looking

wants arm 
to see the 
flexion 
pattern

no need for neck 
because get the 
same information 
from the head, 
same with arm 
and shoulder

is enough to just 
see head and 
arms in avatar. Do 
not need joint 
angles and 
segment position

Numbers: wan
t to see the 
speed in km/h 
instead of m/s

Graphs: 
Lonneke: 
“There is a lot 
of information 
here.”

Animation: 
Video or 
graphics would 
depend on the 
parameter

graphs would be 
easy if have a range 
of options to select 
but having them all 
mapped together 
makes it confusing

for animations you get 
an impression straight 
away and they are nice 
to look at, but you don’t 
get detailed 
information, like with 
numbers and graphs

- ease in understanding 
animations depends on 
how you are going to 
display the 
information. Right now 
the animations are not 
straightforward

numbers and 
graphs are not 
straightforward 
/ difficult to 
interpret

want to be able to 
understand 
visualization at first 
glance and have a 
quick idea of the 
problems. Want the 
interface to be intuitive

have to think 
about the 
meaning of 
the graphs

the normal curve in 
the graph makes it 
easier. Want 
kinematics in graphs 
but with normal 
curves in it

graphs are difficult 
because you have to 
take time and think 
about how to 
interpret them 
because it is not 
clear at first glance

I think 
combining the 
three ways of 
giving feedback 
is of great value

making graphs 
easier to 
understand --> 
less lines, one line 
with normal, 
variation

for graphs to 
make it more 
clear need a 
legend and a 
normal line

the number of 
lines in the graphs 
not confusing 
because it 
explains the 
variation

It is easier to give 
feedback to the 
patient with 
numbers. Graphs 
are very difficult to 
interpret for the 
patients.

video would be 
better if colors 
were different. 
Now there is too 
much grey

can take one 
look at a graph 
and know 
more than 
with numbers

know in general 
what the graphs 
mean but don’t 
know what the 
lines mean

have seen the 
graphs only a few 
times before so it 
they have to think 
about it in order to 
understand them

understand the 
graphs because 
they have had 
courses in it but 
would like to see 
the mean

label graphs with 
phases. in graphs do 
not need all the 
phases but would 
be enough to just 
say what is stance 
and what is swing

numbers: easy to 
compare left and 
right and see the 
difference 
between left and 
right

animations: easie
st to understand 
because are more 
lively and you can 
see what happens

difficult to 
understand because 
the avatar is grey 
and so is the 
ground. Can’t get a 
good view of the 
heal strike

Numbers: Because it is 
not visualized it is more 
theoretical and more 
difficult to see what it 
really means, so 
cognitively it is a little 
more difficult

Numbers: difficult to 
see how the 
parameters evolve 
over the stride/step 
because it is 
summarized

graphs: shows 
better than 
numbers how the 
parameters 
evolve over the 
stride/step

animations: get a 
better look at overall 
body movement. 
Can see how 
movements in the 
body combine

animations 
are less 
objective

want to see the 
reasoning 
behind the 
animation, not 
just animations

When I look 
at a graph, it 
is too much 
information

I do not like 
graphs. 
They are 
confusing

can get a lot 
of 
information 
from a graph

with a graph 
you can see 
it at one 
glance

Overall, you can see 
more in a graph 
because you can how it 
is during the time. If 
you have all the 
numbers then you 
have so many numbers

can use 
animations 
to show 
patients

unsure what 
visualizations to 
choose becuase 
they do not have 
experience with it

showing too much 
information at once 
is distracting and 
will take her 
attention away from 
the patient walking

were not 
sure about 
their 
selection

want to see 
the numbers 
the animations 
are founded 
on

chose based on the 
importance of 
parameters. more 
important parameters 
as animations and less 
important as numbers

selected 
visualizations on 
what she can 
currently visualize. 
Found it hard to 
imagine other 
scenarios

she would like the 
avatar to show 
the variation in 
the step/stride 
length

uses Moxie viewer 
and there is an 
option of letting 
the angle of the 
joint walk with the 
person

for graphs, 
animations, and 
numbers she chose 
those parameters so 
she can see what 
the problem is the 
fastest

summarize parameters 
using animations. This 
helps in refreshing on 
the patient walking 
pattern when making 
decisions

animations are 
easier for patients 
to understand. 
Graphs and 
numbers take 
more expertise

like bar 
graphs 
better than 
line graphs

like butterfly 
graph with CoM 
(center of mass) 
and center of 
pressure

one look at a 
graph gives me 
quicker 
information than 
all the numbers.

numbers and 
graphs for in 
depth analysis 
and animations 
for a quick look

numbers and 
graphs for in 
depth analysis 
and animations 
for a quick look

can understand 
the graphs easier 
and faster than 
looking through 
numbers

want most 
important 
parameters as 
graphs and 
animations

animations for 
parameters 
that can be 
less objective

numbers and 
graphs for 
parameters that 
need to be 
more objective

difficult to say there is 
no need for something. 
Would be better to 
have the option to view 
everything and just 
click on what you want 
to see

features in 
great need are 
the ones they 
want to see 
first

kinematics and 
comparing 
between sessions 
are of equal 
importance

Kinematics 
and gait 
stability are 
most 
important

normal values for 
kinematics, normal 
values for joint 
angles, and normal 
values for EMG are 
most important 
features

compare results 
between sessions 
is important in 
terms of knowing 
effect of 
intervention

since patients are so 
different (diagnosis, 
age) it is not very 
helpful to be able to 
compare between 
patients

- normal values are 
uses to help pick out 
problems faster and 
to monitor or 
evaluate treatment

comparing 
results between 
sessions is the 
most important 
feature

left and right 
difference for 
joint angles and 
kinematics are the 
most important

 left and right 
difference and 
normal values of 
joint angles are 
most important

kinematics and 
joint angles 
are most 
important

some need: give 
some 
information but 
are less 
important

compare results 
between sessions 
--> used to 
compare orthosis

get a lot of 
insight from 
seeing normal 
values on a 
graph

find it difficult 
to choose 
visualizations

needs to see 
examples in 
order to make 
a decision

can’t be too 
much 
information 
on one graph

selection was 
similar to 
parameter 
visualizations

left and right 
difference for 
kinematics and joint 
angles are the most 
important so she 
wants it in all three

did not choose 
animations because 
with the differences 
she can’t imagine 
how you would do it 
with animations

compare results 
between 
patients/sessions --> 
see by animation how 
the walking is different 
and use graphs to see 
it more objectively

would be 
interested to 
use interface 
to show to 
patients

iPad if using during 
a session with a 
patient. Otherwise 
computer because 
of the big screen

Do not want it on 
her phone because 
it would be too 
small. Wants it on 
the computer 
because it has a 
bigger screen

interface needs to 
be straightforward 
--> do not need a lot 
of knowledge on the 
subject to be able to 
understand it

system needs 
to be 
accessible and 
provide clear 
information

no problem to 
learn system but 
not too much 
information to 
learn after the 
fact

the system has to 
be easy to put on 
and use. If it is too 
time consuming 
then it is probably 
not used

whole system use 
(set up, operation, 
interface, etc) 
should take no 
more than 30 
minutes

Time: “The sooner 
the better.” 
“Maximum of 5 
minutes, which is 
already a bit 
long.”

on overall visualization 
decisions --> “But 
maybe if you show me 
the interface you are 
making, I’ll change my 
mind in later sessions.”

interesting in 
being able to 
show interface 
to patients

interesting in 
being able to 
show interface 
to patients

animations 
are best to 
show to 
patients

10 minutes or 
less to prepare 
and calibrate 
system

10 minutes or 
less to prepare 
and calibrate 
system

- for patients who 
have difficulty 
walking the 
walking needed 
for calibration 
may be a problem

I found the beginning 
easier to fill in than the 
interface because I’m 
not really use to it. It is 
really my imagination 
on how it is going to be

The facts about the 
gait will not change. 
The facts about the 
interface may 
because I have no 
experience with it

want to have the 
option to see all 
parameters but 
not at the same 
time

with clinical eye is 
difficult to determine 
joint angles and 
stand/swing time 
without having to look 
at video for a while

parameters in 
both are the 
ones they look 
at with clinical 
eye

difficult to make a 
choice because not 
used to having 
parameters 
available in real time

real time 
parameters obvious, 
things 
patients/people may 
ask her about, those 
she need quick 
information about

kinematics and 
joint angles are 
really basic things 
for gait so want 
them in real time 
and at the end

Single / Double 
Support Time is not 
needed because she 
finds it so obvious 
and still unsure 
what it adds

Add trunk control 
because  trunk 
has a lot of 
influence of gait 
and ability and 
balance

parameters 
depend on 
the patient  / 
their disease

difficult for Tebbe 
to select 
parameters 
because he does 
not use gait 
analysis that often

put parameters in 
not needed 
because he does 
not know what 
they are for or 
what they are

important for 
the interface 
to get to the 
point

for the parameters 
summarized at the end 
of trial she currently 
does not do anything 
with them until 
analysing after the trial 
is done

she thinks she will 
only use the system 
when applying 
interventions, not 
when just assessing 
someone for the 
first time

currently test is 
conducted by therapist 
and then she looks at 
the information while 
the patient is still 
hooked up the gait 
assessment equipment

Not 
needed: paramete
rs that she does 
not do anything 
right now with 
them

does not have 
time during 
the session to 
look at the 
interface

gait symmetry is 
covered in other 
parameters 
(stride length, 
step to step 
variation)

most 
important 
parameters 
in both

put parameters 
in real time that 
she wants to 
use for analysis

put parameters in 
real time the ones 
she wanted to 
give feedback 
during the person 
walking.

Put parameters at 
end that she 
wants to give 
feedback after 
they are done 
walking.

For both she 
wants to mainly 
give feedback 
during walking, 
but also maybe 
after

- there is an overlap 
between 
stand/swing time 
and single/double 
support time so only 
need one or the 
other

did not put much, 
if anything, as not 
needed because 
everything is of 
interest

parameters 
depend on 
patient and what 
your goal of the 
gait assessment is

real time 
parameters: 
parameters to get 
the big picture of 
what is happening

parameter 
selection depend 
on the question 
you are trying to 
answer more so 
than the patient

step to step 
variation and 
CoM are the 
most 
important

want to see 
the most 
important 
parameters in 
real time

- the joint angles will 
not be different in 
each step. In each 
step they will be the 
same so it can be 
summarized at the 
end

The most 
important things 
prepositioning of 
foot in swing, foot 
placement, and 
clearance in swing

would like 
information 
about the 
push- off

If it is a very 
asymmetric walking 
pattern it might be 
interesting to see how 
it is summarized but 
also how it varies over 
steps

For the clearance is 
it at every step or is 
it at the end when 
someone is getting 
tired. So I want to 
know how it evolves 
over time

does not use 
single/double 
support time

Not 
Used

Additional 
Parameters

Most 
Important

Selecting 
parameters

Why they 
chose real 
time, both, 

end

Interface 
Layout

want to have the 
option to see all 
parameters but 
not at the same 
time

with clinical eye is 
difficult to determine 
joint angles and 
stand/swing time 
without having to look 
at video for a while

parameters in 
both are the 
ones they look 
at with clinical 
eye

trunk rotation 
and trunk 
deviation / 
trunk 
circumduction

difficult to make a 
choice because not 
used to having 
parameters 
available in real time

real time 
parameters obvious, 
things 
patients/people may 
ask her about, those 
she need quick 
information about

kinematics and 
joint angles are 
really basic things 
for gait so want 
them in real time 
and at the end

Single / Double 
Support Time is not 
needed because she 
finds it so obvious 
and still unsure 
what it adds

Add trunk control 
because  trunk 
has a lot of 
influence of gait 
and ability and 
balance

parameters 
depend on 
the patient  / 
their disease

difficult for Tebbe 
to select 
parameters 
because he does 
not use gait 
analysis that often

put parameters in 
not needed 
because he does 
not know what 
they are for or 
what they are

important for 
the interface 
to get to the 
point

for the parameters 
summarized at the end 
of trial she currently 
does not do anything 
with them until 
analysing after the trial 
is done

she thinks she will 
only use the system 
when applying 
interventions, not 
when just assessing 
someone for the 
first time

currently test is 
conducted by therapist 
and then she looks at 
the information while 
the patient is still 
hooked up the gait 
assessment equipment

Not 
needed: paramete
rs that she does 
not do anything 
right now with 
them

does not have 
time during 
the session to 
look at the 
interface

gait symmetry is 
covered in other 
parameters 
(stride length, 
step to step 
variation)

most 
important 
parameters 
in both

put parameters 
in real time that 
she wants to 
use for analysis

put parameters in 
real time the ones 
she wanted to 
give feedback 
during the person 
walking.

Put parameters at 
end that she 
wants to give 
feedback after 
they are done 
walking.

For both she 
wants to mainly 
give feedback 
during walking, 
but also maybe 
after

- there is an overlap 
between 
stand/swing time 
and single/double 
support time so only 
need one or the 
other

Parameters 
I currently 
do not use

parameters 
depend on 
patient and what 
your goal of the 
gait assessment is

real time 
parameters: 
parameters to get 
the big picture of 
what is happening

parameter 
selection depend 
on the question 
you are trying to 
answer more so 
than the patient

step to step 
variation and 
CoM are the 
most 
important

want to see 
the most 
important 
parameters in 
real time

- the joint angles will 
not be different in 
each step. In each 
step they will be the 
same so it can be 
summarized at the 
end

The most 
important things 
prepositioning of 
foot in swing, foot 
placement, and 
clearance in swing

would like 
information 
about the 
push- off

If it is a very 
asymmetric walking 
pattern it might be 
interesting to see how 
it is summarized but 
also how it varies over 
steps

For the clearance is 
it at every step or is 
it at the end when 
someone is getting 
tired. So I want to 
know how it evolves 
over time

does not use 
single/double 
support time

Additional 
Parameters

Most 
Important 

Parameters

Selecting 
parameters 
depends on 

the goal of the 
assessment

Simple 
Interface 
Layout

How much weight 
they put on their 
feet; hip stability 
(pelvic position, 
pelvic not being 
horizontal)

Selection 
for viewing 
parameters 
in real time

Selection 
for both 
viewing

Selection for 
viewing 

parameters 
at end of trial

Selecting 
parameters 
that are not 

Needed

Parameters that 
I want to give 
feedback during 
a person 
walking

Parameters 
needed to get 
the big picture 
of what is 
happening

Parameters 
that I want to 
see how they 
evolve over 
time

Parameters 
I want to 
use for 
analysis

Most 
important 
parameters

Parameters 
valuable in 
evaluating 
interventions

Most 
Important 
parameters

Parameters I 
currently look 
at with the 
clinical eye

B.C. 
objectify 
subtle 
differences

C.CO. when 
it is easy to 
use

C.CO. 
When it is 
easy to use

C.CO. to see small 
differences in 
walking (when 
you don't exactly 
know where the 
problem is)

C.CO. To show 
differences before 
and after 
treatments or to 
see progression 
during time

F.CO. when 
making a 
choice in the 
right 
(foot)orthesis

F.CO. knowing which 
parameters i have to 
focus on (improving 
walking speed, 
walking distance, 
stability, strength, 
mobility of joints)

A.CO. It could be easier 
to make a connection 
between the clinical 
eye, the animation, and 
to confirm it with 
numbers and graphics

E.C. When 
it is fast 
and easy

E.C. When it 
is difficult to 
see with my 
own eyes

G.CG. to try 
out walking 
devices

G.CG. for 
screening and 
comparing 
different 
situations in a 
short time

G.CG. to measure 
a direct treatment 
effect and give 
treatment 
recommendations

G.CG. if you are 
looking at 
different stages 
(muscle strength, 
spasticity, etc.)

G.CG. if you have 
surgery indication then 
I wouldn't trust an 
animation and would 
rather have the 
detailed gait analysis 
like Herwin is doing

J.CGO. when 
you compare 
results of 
different gait 
assessments

L.CO. compare 
between botox 
or not, 
ortheses

L.CO. Give 
feedback 
on walking 
pattern

R.CG. to use in 
gait training, 
giving instant 
feedback to 
patients

R.CG. See 
value in gait 
analysis 
(diagnostic)

O.CG. For making 
decisions for a 
walking aid (in 
stroke and 
amputee)

O.CG. For 
choosing 
therapy 
goals

H.CG. should 
be very easy to 
use and 
interpretation 
should be easy

H.CG. detect 
differences 
after 
intervention

H.CG. Diagnosing 
subtle problems 
that are difficult 
to detect with the 
clinical eye

M.C. 
intervention/ 
treatment 
individual 
patients

I.CGO. would be 
useful for brain 
damage patients 
because it is easy 
to put the system 
on

N.CO. assessing 
knee flexion in 
stiff knee gait, 
before and after 
lidocaine rectus 
femoris

N.CO. ability to 
play slow motion 
and repeat video 
to assess more 
complex gait

N.CO. assessing 
clearance, 
heelstrike and 
valgus/varus 
ankle orthesis or 
shoe

N.CO. with 
clearance 
problem: examine 
if the problem is 
from hip, knee or 
ankle level

Q.CG. 
Orthesis 
Prothesis

Selecting 
Interventions

See differences 
after invention / 
Evaluate effect 
of intervention

Detecting 
smaller 
problems/more 
complex gait

Use
To give 
feedback 
on gait

Compare 
different 
walking 
scenarios

B.C. 
objectify 
subtle 
differences

C.CO. when 
it is easy to 
use

C.CO. to see small 
differences in 
walking (when 
you don't exactly 
know where the 
problem is)

C.CO. To show 
differences before 
and after 
treatments or to 
see progression 
during time

F.CO. when 
making a 
choice in the 
right 
(foot)orthesis

F.CO. knowing which 
parameters i have to 
focus on (improving 
walking speed, 
walking distance, 
stability, strength, 
mobility of joints)

A.CO. It could be easier 
to make a connection 
between the clinical 
eye, the animation, and 
to confirm it with 
numbers and graphics

E.C. When it 
is difficult to 
see with my 
own eyes

G.CG. to try 
out walking 
devices

G.CG. for 
screening and 
comparing 
different 
situations in a 
short time

G.CG. to measure 
a direct treatment 
effect and give 
treatment 
recommendations

G.CG. if you are 
looking at 
different stages 
(muscle strength, 
spasticity, etc.)

G.CG. if you have 
surgery indication then 
I wouldn't trust an 
animation and would 
rather have the 
detailed gait analysis 
like Herwin is doing

J.CGO. when 
you compare 
results of 
different gait 
assessments

L.CO. 
compare 
between 
botox or not

L.CO. Give 
feedback 
on walking 
pattern

R.CG. to use in 
gait training, 
giving instant 
feedback to 
patients

R.CG. See 
value in gait 
analysis 
(diagnostic)

O.CG. For making 
decisions for a 
walking aid (in 
stroke and 
amputee)

O.CG. For 
choosing 
therapy 
goals

H.CG. should 
be very easy to 
use and 
interpretation 
should be easy

H.CG. detect 
differences 
after 
intervention

H.CG. Diagnosing 
subtle problems 
that are difficult 
to detect with the 
clinical eye

M.C. 
intervention/ 
treatment 
individual 
patients

I.CGO. would be 
useful for brain 
damage patients 
because it is easy 
to put the system 
on

N.CO. assessing 
knee flexion in 
stiff knee gait, 
before and after 
lidocaine rectus 
femoris

N.CO. ability to 
play slow motion 
and repeat video 
to assess more 
complex gait

N.CO. assessing 
clearance, 
heelstrike and 
valgus/varus 
ankle orthesis or 
shoe

N.CO. with 
clearance 
problem: examine 
if the problem is 
from hip, knee or 
ankle level

Q.CG. 
Orthesis 
Prothesis

When 
selecting an 
intervention

Evaluate the 
effect of a 
treatment/in
tervention

When desire 
features that 
are not 
possible with 
the clinical eye

Give 
feedback to 
patient on 
gait

Finding/eval
uating small 
differences 
gait

Assessing 
gait more 
in depth 
with video

L.CO. 
compare 
between 
ortheses

Choosing 
an 
orthesis

Choosing 
a walking 
aid

Choosing 
what to focus 
on in physical 
therapy

Selecting 
medical 
interventions 
(botox, 
surgery, etc.)

For brain 
damage 
patients

When want to 
evaluate gait 
in a more 
natural 
environment

During a 
Physical 
Therapy 
session

To compare 
different 
walking 
scenarios

B.C. 
when it 
is easy

B.C. when it 
offers 
information and 
feedback above 
clinical eye

C.CO. easy 
to compare 
with 
'normal'

F.CO. getting 
useful and 
objective 
information

F.CO. less 
time 
consuming

F.CO. quick 
overview of 
results for me 
(and patient)

A.CO. 
depends on 
how easy it 
is to use

A.CO. 
depends on 
easy access

A.CO. depends 
on how much 
time does it 
take

A.CO. it 
depends how 
easy can you 
make the 
report

E.C. 
when it 
is easy

E.C. when I 
can help the 
patient with 
the outcome

G.CG. to be able 
to compare 
different sessions 
so you do not 
have to rely on 
your memory

G.CG. to be 
able to 
visualize to a 
patient how 
they walk

G.CG. Visualize to 
patients to explain 
intervention or next 
steps. Has to be in a 
way that is not too 
technical and is 
practical

G.CG. easy and 
accessible. Will 
use clinical eye for 
simple questions 
if it is a hassle

J.CGO. the 
use of 
animations

J.CGO. 
more 
objective

J.CGO. 
Comparison of 
different 
sessions. better 
to compare

J.CGO. use it to 
discuss with other 
therapists with 
only needing a 
quick look

J.CGO. would like 
to use it to show 
the patients what 
they see and 
change after an 
intervention

L.CO. more 
detailed 
information

L.CO. 
more 
precise

R.CG. It is 
very useful to 
gain powerful 
data

O.CG. easy to use 
(not too much 
preparation and 
you have 
immediate 
results)

O.CG. It is 
small (so it 
doesn't take a 
lot of space)

H.CG. should 
be better 
than the 
clinical eye

H.CG. should 
be more easy 
than 
laboratory gait 
analysis

H.CG. 
should be 
very easy 
to use

H.CG. 
should not 
be time 
consuming

H.CG. 
interpretation 
should be very 
easy

M.C. easy 
accessibility

M.C. real time 
visualizations 
of the analysis

I.CGO. 
convenience and 
you do not need a 
laboratory to use 
it

I.CGO. be 
used in 15 
minutes or 
less

I.CGO. for surgeries 
when your have to 
know more about 
the patient than just 
clinical eye. Then 
EMG and rotations 
are important

I.CGO. 
interested in 
being able to 
show results 
to patients

N.CO. ability 
to play in 
slow motion 
and repeat

N.CO. ability to 
measure 
angles of hip, 
knee, and 
ankle

Q.CG. 
more 
accurate

Q.CG. 
quick 
advice

P.CG. providing 
information in 
real time would 
be of real added 
value

Time
More 
accurate/o
bjective 
information

Accessibility
Easy 
to USe Data Features

Showing 
the results 
to Others

B.C. 
when it 
is quick

B.C. when 
it is 
accessible

E.C. 
when it 
is fast

C.CO. when 
it is easy to 
use

A.CO. It could be easier 
to make a connection 
between the clinical 
eye, the animation, and 
to confirm it with 
numbers and graphics

B.C. 
when it 
is easy

B.C. when it 
offers 
information and 
feedback above 
clinical eye

C.CO. easy 
to compare 
with 
'normal'

F.CO. getting 
useful and 
objective 
informationF.CO. less 

time 
consuming

F.CO. quick 
overview of 
results for me 
(and patient)

A.CO. 
depends on 
how easy it 
is to use

A.CO. 
depends on 
easy access

A.CO. depends 
on how much 
time does it 
take

A.CO. it 
depends how 
easy can you 
make the 
report

E.C. 
when it 
is easy

E.C. when I 
can help the 
patient with 
the outcome

G.CG. to be able 
to compare 
different sessions 
so you do not 
have to rely on 
your memory

G.CG. to be 
able to 
visualize to a 
patient how 
they walk

G.CG. Visualize to 
patients to explain 
intervention or next 
steps. Has to be in a 
way that is not too 
technical and is 
practical

G.CG. easy and 
accessible. Will 
use clinical eye for 
simple questions 
if it is a hassle

J.CGO. the 
use of 
animations

J.CGO. 
more 
objective

J.CGO. 
Comparison of 
different 
sessions. better 
to compare

J.CGO. use it to 
discuss with other 
therapists with 
only needing a 
quick look

J.CGO. would like 
to use it to show 
the patients what 
they see and 
change after an 
intervention

L.CO. more 
detailed 
information

L.CO. 
more 
precise

R.CG. It is 
very useful to 
gain powerful 
data

O.CG. easy to use 
(not too much 
preparation and 
you have 
immediate 
results)

O.CG. It is 
small (so it 
doesn't take a 
lot of space)

H.CG. should 
be better 
than the 
clinical eye

H.CG. should 
be more easy 
than 
laboratory gait 
analysis

H.CG. 
should not 
be time 
consuming

H.CG. 
interpretation 
should be very 
easy

M.C. easy 
accessibility

M.C. real time 
visualizations 
of the analysis

I.CGO. 
convenience and 
you do not need a 
laboratory to use 
it

I.CGO. be 
used in 15 
minutes or 
less

I.CGO. for surgeries 
when your have to 
know more about 
the patient than just 
clinical eye. Then 
EMG and rotations 
are important

I.CGO. 
interested in 
being able to 
show results 
to patients

N.CO. ability 
to play in 
slow motion 
and repeat

N.CO. ability to 
measure 
angles of hip, 
knee, and 
ankle

Q.CG. 
more 
accurate

Q.CG. 
quick 
advice

P.CG. providing 
information in 
real time would 
be of real added 
value

Provides more 
accurate, 
objective, and 
detailed 
information than 
clinical eye

Easy Access to 
System / System 
is Accessible/Can 
access system 
with no difficulty

Easy to Use 
(Easier to use 
than current 
gait lab)

Easy/Not 
complex to 
view and 
interpret data

Provides features 
not offered by 
clinical eye 
(comparison, slow 
motion video , 
measure gait angles,

Can show 
results to 
patients

B.C. 
when it 
is quick

B.C. when 
it is 
accessible

E.C. 
when it 
is fast

Use

Does not take 
excessing 
amount of 
time to use 
system

Time to get 
information

Added benefit over 
current method in 
terms of gait 
data/information

More detailed 
information 
than clinical 
eye

Is more 
precise/accurate 
than clinical eye

Is more 
objective 
than clinical 
eye

System 
Cannot be 
too big

Parameters I 
want to give 
feedback 
during and 
after walking

Parameters I want 
to 
progresses/varies 
over time but also 
it summarized

Parameters 
that will not 

vary over 
steps

Parameters 
currently use 

to analyze 
after the trial

Everything is 
of interest, so 
put nothing in 

not needed

Difficulty 
in 

selecting

Do not use 
gait 
analysis 
that often

Are not used 
to being able 
to view 
parameters in 
real time

Use

are interested 
in arms 
moving (arm + 
shoulder)

Put head in 
some need but 
it is more about 
neurological 
information

Shoulder is in 
great need 
because relates to 
trunk control. 
More important 
than arms.

another application 
would be for people 
steering their 
wheelchair with 
their head then the 
head and neck area 
would be of interest

arm is 
important 
for keeping 
balance

some need for 
shoulder because 
physiotherapists 
move and 
manipulate the 
shoulder so much

she now does 
not use the 
upper body 
segments

she would 
like the 
full avatar

joint angles of lower 
body is more 
important but also 
would be interesting 
to see for the upper 
body

interested in getting 
feedback on where 
someone is looking 
as patients tend to 
look at the ground 
in earlier stages

shoulder 
and arm are 
the most 
important

interested 
in trunk 
rotation

greatest need 
is to see the 
swing of the 
arm

shoulder’s 
importance depends 
on type of disease a 
person has. For a 
stroke shoulder is 
important

want to see 
the shoulder 
to see if the 
person is 
swaying

having an avatar 
of the upper body 
is enough. Do not 
need the joint 
angles and 
segment positions

having an avatar 
of the upper body 
is enough. Do not 
need the joint 
angles and 
segment positions

currently 
manly 
focuses on 
the legs

want to know 
the position of 
the head to see 
how someone is 
looking

wants arm 
to see the 
flexion 
pattern

no need for neck 
because get the 
same information 
from the head, 
same with arm 
and shoulder

is enough to just 
see head and 
arms in avatar. Do 
not need joint 
angles and 
segment position

Head 
& Neck

I only need to see 
the avatar, do not 
need joint angles 

& segment 
position

shoulder 
and arm are 
the most 
important

are interested 
in arms 
moving (arm + 
shoulder)

Put head in 
some need but 
it is more about 
neurological 
information

Shoulder is in great 
need because relates 
to trunk control. More 
important than arms. 
Arms give mor 
information about 
balance

another application 
would be for people 
steering their 
wheelchair with 
their head then the 
head and neck area 
would be of interest

arm is 
important 
for keeping 
balance

some need for 
shoulder because 
physiotherapists 
move and 
manipulate the 
shoulder so much

she now does 
not use the 
upper body 
segments

she would 
like the 
full avatar

joint angles of lower 
body is more 
important but also 
would be interesting 
to see for the upper 
body

interested in getting 
feedback on where 
someone is looking 
as patients tend to 
look at the ground 
in earlier stages

shoulder 
and arm are 
the most 
important

interested 
in trunk 
rotation

greatest need 
is to see the 
swing of the 
arm

shoulder’s 
importance depends 
on type of disease a 
person has. For a 
stroke shoulder is 
important

want to see 
the shoulder 
to see if the 
person is 
swaying

having an avatar 
of the upper body 
is enough. Do not 
need the joint 
angles and 
segment positions

having an avatar 
of the upper body 
is enough. Do not 
need the joint 
angles and 
segment positions

currently 
manly 
focuses on 
the legs

want to know 
the position of 
the head to see 
how someone is 
looking

wants arm 
to see the 
flexion 
pattern

no need for neck 
because get the 
same information 
from the head, 
same with arm 
and shoulder

is enough to just 
see head and 
arms in avatar. Do 
not need joint 
angles and 
segment position

Arm & 
Shoulder

Head 
& Neck

Viewing

shoulder 
and arm are 
the most 
important

Want to see 
the movement 

of the arms 
and shoulders

Arms & 
shoulders 
swinging

Arms are 
important 

for balance

 Arms give 
more 
information 
about balance

Arms & 
Shoulders are 

most important 
upper body 
segments

Additional 
applications 
for system

I want to 
see where 
a patient is 

looking

Get the same 
information 

from the neck 
as the head

In current gait 
assessment 
focuse on 

lower body

Interested 
in trunk 
rotation

Numbers: wan
t to see the 
speed in km/h 
instead of m/s Graphs: 

Lonneke: 
“There is a lot 
of information 
here.”

Animation: 
Video or 
graphics would 
depend on the 
parameter

graphs would be 
easy if have a range 
of options to select 
but having them all 
mapped together 
makes it confusing

for animations you get 
an impression straight 
away and they are nice 
to look at, but you don’t 
get detailed 
information, like with 
numbers and graphs

- ease in understanding 
animations depends on 
how you are going to 
display the 
information. Right now 
the animations are not 
straightforward

numbers and 
graphs are not 
straightforward 
/ difficult to 
interpret

want to be able to 
understand 
visualization at first 
glance and have a 
quick idea of the 
problems. Want the 
interface to be intuitive

have to think 
about the 
meaning of 
the graphs

the normal curve in 
the graph makes it 
easier. Want 
kinematics in graphs 
but with normal 
curves in it

graphs are difficult 
because you have to 
take time and think 
about how to 
interpret them 
because it is not 
clear at first glance

I think 
combining the 
three ways of 
giving feedback 
is of great value

making graphs 
easier to 
understand --> 
less lines, one line 
with normal, 
variation

for graphs to 
make it more 
clear need a 
legend and a 
normal line

the number of 
lines in the graphs 
not confusing 
because it 
explains the 
variation

It is easier to 
give feedback 
to the patient 
with numbers.

video would be 
better if colors 
were different. 
Now there is too 
much grey

can take one 
look at a graph 
and know 
more than 
with numbers

know in general 
what the graphs 
mean but don’t 
know what the 
lines mean

have seen the 
graphs only a few 
times before so it 
they have to think 
about it in order to 
understand them

understand the 
graphs because 
they have had 
courses in it but 
would like to see 
the mean

label graphs with 
phases. in graphs do 
not need all the 
phases but would 
be enough to just 
say what is stance 
and what is swing

numbers: easy to 
compare left and 
right and see the 
difference 
between left and 
right

animations: easie
st to understand 
because are more 
lively and you can 
see what happens

difficult to 
understand because 
the avatar is grey 
and so is the 
ground. Can’t get a 
good view of the 
heal strike

Numbers: Because it is 
not visualized it is more 
theoretical and more 
difficult to see what it 
really means, so 
cognitively it is a little 
more difficult

Numbers: difficult to 
see how the 
parameters evolve 
over the stride/step 
because it is 
summarized

graphs: shows 
better than 
numbers how the 
parameters 
evolve over the 
stride/step

animations: get a 
better look at overall 
body movement. 
Can see how 
movements in the 
body combine

animations 
are less 
objective

Numbers Graphs
Animations

Graphs are 
very difficult to 
interpret for 
the patients.

Numbers: wan
t to see the 
speed in km/h 
instead of m/s

Graphs: 
Lonneke: 
“There is a lot 
of information 
here.”

Animation: 
Video or 
graphics would 
depend on the 
parameter

graphs would be 
easy if have a range 
of options to select 
but having them all 
mapped together 
makes it confusing

for animations  
you don’t get 
detailed 
information, like 
with numbers and 
graphs

- ease in understanding 
animations depends on 
how you are going to 
display the 
information. Right now 
the animations are not 
straightforward

numbers and 
graphs are not 
straightforward 
/ difficult to 
interpret

want to be able to 
understand 
visualization at first 
glance and have a 
quick idea of the 
problems. Want the 
interface to be intuitive

have to think 
about the 
meaning of 
the graphs

the normal curve in 
the graph makes it 
easier. Want 
kinematics in graphs 
but with normal 
curves in it

graphs are difficult 
because you have to 
take time and think 
about how to 
interpret them 
because it is not 
clear at first glance

I think 
combining the 
three ways of 
giving feedback 
is of great value

making graphs 
easier to 
understand --> 
less lines, one line 
with normal, 
variation

for graphs to 
make it more 
clear need a 
legend

the number of 
lines in the graphs 
not confusing 
because it 
explains the 
variation

It is easier to 
give feedback 
to the patient 
with numbers.

video would be 
better if colors 
were different. 
Now there is too 
much grey

can take one 
look at a graph 
and know 
more than 
with numbers

know in general 
what the graphs 
mean but don’t 
know what the 
lines mean

have seen the 
graphs only a few 
times before so it 
they have to think 
about it in order to 
understand them

understand the 
graphs because 
they have had 
courses in it but 
would like to see 
the mean

label graphs with 
phases. in graphs do 
not need all the 
phases but would 
be enough to just 
say what is stance 
and what is swing

numbers: easy to 
compare left and 
right and see the 
difference 
between left and 
right

animations: easie
st to understand 
because are more 
lively and you can 
see what happens

difficult to 
understand because 
the avatar is grey 
and so is the 
ground. Can’t get a 
good view of the 
heal strike

Numbers: Because it is 
not visualized it is more 
theoretical and more 
difficult to see what it 
really means, so 
cognitively it is a little 
more difficult

Numbers: difficult to 
see how the 
parameters evolve 
over the stride/step 
because it is 
summarized

graphs: shows 
better than 
numbers how the 
parameters 
evolve over the 
stride/step

animations: get a 
better look at overall 
body movement. 
Can see how 
movements in the 
body combine

animations 
are less 
objective

Numbers

Graphs
Animations

Graphs are 
very difficult to 
interpret for 
the patients.

numbers and 
graphs are not 
straightforward 
/ difficult to 
interpret

Difficult to 
determine what 

the numbers 
mean / difficult 

to interpret

Numbers are 
easier to see 

the difference 
between left 

and right

Easier to give 
feedback to 

patients with 
numbers than 

graphs

I know in general what 
the graphs mean but at 

first glance the 
meaning behind it is 
not clear. Take time 

and energy to interpret 
the results

I can take one 
look at a graph 
and know more 

than with 
numbers /can see 
it all in one glance

Graphs show 
how parameters 
evolve over time 

better than 
numbers

How to 
improve 

the existing 
graphs

Label 
stance and 

swing 
phase

Include 
legend

for graphs to 
make it more 
clear need  a 
normal line

Include 
normal 

line

Less 
Information

making graphs 
easier to 
understand --> 
less lines, one line 
with normal, 
variation

Less objective 
and provide 
less detailed 
information

for animations 
you get an 
impression 
straight away and 
they are nice to 
look at

Make color of 
avatar and 

surrounding 
more 

contrasting

Can get a quick 
look of the big 
picture / get an 

impression right 
away

Make visualizations 
such that those with 
limited experience 

can understand 
then and get a quick 

look

want to see the 
reasoning 
behind the 
animation, not 
just animations

When I look 
at a graph, it 
is too much 
information

I do not like 
graphs. 
They are 
confusing

can get a lot 
of 
information 
from a graph

with a graph 
you can see 
it at one 
glance

Overall, you can see 
more in a graph 
because you can how it 
is during the time. If 
you have all the 
numbers then you 
have so many numbers

can use 
animations 
to show 
patients

unsure what 
visualizations to 
choose becuase 
they do not have 
experience with it

showing too much 
information at once 
is distracting and 
will take her 
attention away from 
the patient walking

were not 
sure about 
their 
selection

want to see 
the numbers 
the animations 
are founded 
on

chose based on the 
importance of 
parameters. more 
important parameters 
as animations and less 
important as numbers

selected 
visualizations on 
what she can 
currently visualize. 
Found it hard to 
imagine other 
scenarios

she would like the 
avatar to show 
the variation in 
the step/stride 
length

uses Moxie viewer 
and there is an 
option of letting 
the angle of the 
joint walk with the 
person

for graphs, 
animations, and 
numbers she chose 
those parameters so 
she can see what 
the problem is the 
fastest

summarize parameters 
using animations. This 
helps in refreshing on 
the patient walking 
pattern when making 
decisions

animations are 
easier for patients 
to understand. 
Graphs and 
numbers take 
more expertise

like bar 
graphs 
better than 
line graphs

like butterfly 
graph with CoM 
(center of mass) 
and center of 
pressure

one look at a 
graph gives me 
quicker 
information than 
all the numbers.

numbers and 
graphs for in 
depth analysis 
and animations 
for a quick look

numbers and 
graphs for in 
depth analysis 
and animations 
for a quick look

can understand 
the graphs easier 
and faster than 
looking through 
numbers

want most 
important 
parameters as 
graphs and 
animations

animations for 
parameters 
that can be 
less objective

numbers and 
graphs for 
parameters that 
need to be 
more objective

Animations 
& Numbers 
of graphs

Not 
Sure

Animations
How 

information 
is 

presented

Use other 
types of 
graphs

want to see the 
reasoning 
behind the 
animation, not 
just animations

can use 
animations 
to show 
patients

unsure what 
visualizations to 
choose becuase 
they do not have 
experience with it

showing too much 
information at once 
is distracting and 
will take her 
attention away from 
the patient walking

were not 
sure about 
their 
selection

want to see 
the numbers 
the animations 
are founded 
on

chose based on the 
importance of 
parameters. more 
important parameters 
as animations and less 
important as numbers

selected 
visualizations on 
what she can 
currently visualize. 
Found it hard to 
imagine other 
scenarios

she would like the 
avatar to show 
the variation in 
the step/stride 
length

uses Moxie viewer 
and there is an 
option of letting 
the angle of the 
joint walk with the 
person

for graphs, 
animations, and 
numbers she chose 
those parameters so 
she can see what 
the problem is the 
fastest

summarize parameters 
using animations. This 
helps in refreshing on 
the patient walking 
pattern when making 
decisions

animations are 
easier for patients 
to understand. 
Graphs and 
numbers take 
more expertise

numbers and 
graphs for in 
depth analysis 
and animations 
for a quick look

numbers and 
graphs for in 
depth analysis 
and animations 
for a quick look

want most 
important 
parameters as 
graphs and 
animations

animations for 
parameters 
that can be 
less objective

numbers and 
graphs for 
parameters that 
need to be 
more objective

Were not sure about 
their selection because 
due to their lack of 
experience with these 
type of visualizations 
they found it hard to 
imagine/visualize

Deciding how to 
visualize 

parameters

Too much 
information 
at once is 
distracting

Animations for a 
quick 
look/summary. 
Numbers and 
graphs for more 
in depth analysis

Most important 
parameters as 
animations and 
less important in 
numbers and 
graphs

Want 
numbers/graphs 
with animations 
because want to see 
the reasoning 
behind the 
animation

Show the 
joint angle 

on the 
avatar

Numbers and 
graphs for more 
objective 
parameters and 
animations for 
less

features in 
great need are 
the ones they 
want to see 
first

kinematics and 
comparing 
between sessions 
are of equal 
importance

Kinematics 
and gait 
stability are 
most 
important

normal values for 
kinematics, normal 
values for joint 
angles, and normal 
values for EMG are 
most important 
features

compare results 
between sessions 
is important in 
terms of knowing 
effect of 
intervention

since patients are so 
different (diagnosis, 
age) it is not very 
helpful to be able to 
compare between 
patients

- normal values are 
uses to help pick out 
problems faster and 
to monitor or 
evaluate treatment

comparing 
results between 
sessions is the 
most important 
feature

left and right 
difference for 
joint angles and 
kinematics are the 
most important

 left and right 
difference and 
normal values of 
joint angles are 
most important

kinematics and 
joint angles 
are most 
important

some need: give 
some 
information but 
are less 
important

compare results 
between sessions 
--> used to 
compare orthosis

difficult to say there is 
no need for something. 
Would be better to 
have the option to view 
everything and just 
click on what you want 
to see

kinematics and 
comparing 
between sessions 
are of equal 
importance

Features for 
kinematics and 
joint angles 
are of most 
importance

Comparing 
results between 
sessions is most 
important 
feature

Comparing results 
between sessions 
is most important 
to determine the 
effect of an 
interventions

Since patients are 
very different, not 
useful to compare 
between them

- normal values are 
uses to help pick out 
problems faster and 
to monitor or 
evaluate treatment

get a lot of 
insight from 
seeing normal 
values on a 
graph

find it difficult 
to choose 
visualizations

needs to see 
examples in 
order to make 
a decision

can’t be too 
much 
information 
on one graph

selection was 
similar to 
parameter 
visualizations

left and right 
difference for 
kinematics and joint 
angles are the most 
important so she 
wants it in all three

did not choose 
animations because 
with the differences 
she can’t imagine 
how you would do it 
with animations

compare results 
between 
patients/sessions --> 
see by animation how 
the walking is different 
and use graphs to see 
it more objectively

Difficult to 
choose 
because can't 
imagine it

Visualization 
suggestions Selecting 

visualizations

interface needs to 
be straightforward 
--> do not need a lot 
of knowledge on the 
subject to be able to 
understand it

system needs 
to be 
accessible and 
provide clear 
information

no problem to 
learn system but 
not too much 
information to 
learn after the 
fact

the system has to 
be easy to put on 
and use. If it is too 
time consuming 
then it is probably 
not used

whole system use 
(set up, operation, 
interface, etc) 
should take no 
more than 30 
minutes

Time: “The sooner 
the better.” 
“Maximum of 5 
minutes, which is 
already a bit 
long.”

on overall visualization 
decisions --> “But 
maybe if you show me 
the interface you are 
making, I’ll change my 
mind in later sessions.”

interesting in 
being able to 
show interface 
to patients

animations 
are best to 
show to 
patients

10 minutes or 
less to prepare 
and calibrate 
system

10 minutes or 
less to prepare 
and calibrate 
system

- for patients who 
have difficulty 
walking the 
walking needed 
for calibration 
may be a problem

I found the beginning 
easier to fill in than the 
interface because I’m 
not really use to it. It is 
really my imagination 
on how it is going to be

The facts about the 
gait will not change. 
The facts about the 
interface may 
because I have no 
experience with it

the system has to 
be easy to put on 
and use. If it is too 
time consuming 
then it is probably 
not used

Deciding on visualizations 
was difficult as had no prior 
experience with them. In 
doing so, may change my 
mind when shown examples
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Transferred  to 
Rehabilitation Center

Observation Period Team Meeting Physiotherapy Update/Progress Meetings Select Interventions Gait Lab Discharge Outpatient 
Therapy

Follow Up 
Consultation

Orthesis Walking Aids Medical Interventions Physical 
Therapy

Physiotherapy 
Session

Walking Group Exercise Sessions Fitness Group Team Meeting Daily Meeting Informal Meetings Extra Meeting on 
Special Topics

Test Orthesis & 
Walking Aids

Discussion Selection Use botox 
or medicine 

to treat 
spasticity

Surgery Test Develop Test 
Report

Analyze Results

After 17 days spent in hospital 2 weeks 15 minutes per 
Patient

30 Minutes, 4 Times 
per Week

30 minutes, 4 Times 
per Week

30 minutes, 2 Times 
a Day

30 minutes, 3 
times a week

15 minutes per 
patient, every 4 

weeks

Short As needed Prescribed 
to neuro or 
orthopedic 

surgeon

45 minutes - 1 hr 1.5 hr to analyze 
tests, 2 weeks to 

send them

2 months 1 Time per Year

Patient Transported from the hospital 
to a rehabilitation center

Participates in 
exercises 

Practice standing 
and walking skills

Does exercise 
program given by 
physiotherapist using 
equipment.

Does exercise 
program given by 
physiotherapist 
to practice basic 
skills

Every 8 weeks 
patient and family 
member attend

Test orthesis in 
physiotherapy

Walk around for 
test

Go home or to a 
care home

Participates in 
therapy.

Some patients still 
need help walking 
and others just 
need to improve 
their walking

Go to physician 
to evaluate their 
progress and 
to address any 
additional issues 
they have.  

Physiotherapist Evaluate the patient and conduct 
diagnostic tests to determine 
their current capabilities and 
what their goals are.

Evaluate patient with Clinical Eye 
to determine what to focus on 
and what exercises to use

Start training basic skills and 
sitting and standing.

Meet to discuss 
goals for the 
patient and 
their functional 
prognosis

In the beginning 
start with basic 
functions and then 
progress in walking 
as time goes on. Use 
G-Mill and Zero-G to 
aid in walking.

For physiotherapy 
you mention the 
use of C Mill and 
Zero G. Other 
means are used 
much more often. 
E.g. parallel bars, 
special walkers 
etc. Important 
to mention that 
more sufisticated 
treatment tools 
like zero-g are used 
much less than 
classical aids.

Evaluate patient 
with Clinical Eye to 
determine what to 
focus on and what 
exercises to use

There is one 
physiotherapists to 
4 patients. Practice 
standing and 
walking skills.

Discuss patient’s 
progress, updates 
to goals, and when 
other more technical 
aspects, such as 
when the patient is 
getting discharged

Discuss if there 
are any special 
issues with the 
patient.

In between sessions, 
physiotherapists 
discuss with each 
other their patients.

Discuss if there 
are any special 
issues with the 
patient.

Test different 
orthesis and 
walking aids

Propose a 
orthesis or 
walking aid. 
Discuss if need 
to wait before 
prescribing 
orthesis.

Wait 
additional 
time and see 
no changes

Interpret results 
and decide on 
the next steps

Decide where 
patient is 
discharged. Whole 
team decision

Depending on 
their progress 
and what they 
need to work on, 
the patient may 
continue rehab at 
the same center 
or go to another 
center closer to 
home

If patient still 
needs help 
walking then 
they will do 
outpatient at 
Rijndam/the same 
rehabilitation 
center.

If patient is 
walking and 
just needs to 
improve it then 
they can go to 
another center for 
physiotherapy.

If patient does 
outpatient at the 
same center then 
continues to treat 
them.

Rehabilitation 
Physician

Conduct initial assessments of 
the patient.

Meet to discuss 
goals for the 
patient and 
their functional 
prognosis

Responsible 
for entire 
Rehabilitation 
ream and develop 
the rehabilitation 
plan

Discuss patient’s 
progress and 
updates to goals.

Discuss if there 
are any special 
issues with the 
patient.

Discuss if there 
are any special 
issues with the 
patient.

Discuss if need 
to wait before 
prescribing 
orthesis.

Meet to select 
an orthesis.

Prescribe 
orthesis

Refer patient 
to nuero or 
orthopedic 
surgeon

Conservative 
Intervention is 
not working so 
request gait lab

Decide where 
patient is 
discharged

If patient does 
outpatient at the 
same center then 
continues to treat 
them.

Sees patient to 
evaluate their 
progress and if 
any additional 
interventions or 
treatment is needed

Physiotherapy 
Technician

One Technician 
to 2 to 3 patients. 
Help patients use 
equipment

Watch patients 
so they do not 
get hurt. Assist 
patients as 
needed

Discuss patient’s 
progress during 
exercise sessions

Additional Rehabil-
itation Staff (Occu-
pational Therapist, 
Social Worker, 
Psychiatrist)

Conduct initial assessments of 
the patient.

Meet to discuss 
goals for the 
patient and 
their functional 
prognosis

Discuss patient’s 
progress and 
updates to goals.

Decide where 
patient is 
discharged

If patient does 
outpatient at the 
same center then 
continues to treat 
them.

Patient’s Family Every 8 weeks 
patient and family 
member attend

Neuro or Orthopedic 
Surgeon

Performs 
surgery

Orthopedics 
Specialist

Consult on 
what is the 
best type of 
orthesis to 
use

Gait Lab Operator 
(Specialist)

Conducts Gait 
Lab test with 
cameras, force 
plate, and EMG 
sensors

Analyze test 
results. May not 
have time to do 
so right after 
test, has a 2 
week window.

Rehabilitation 
Nurses

Supervise patient 
walking and practice 
transfers in and out 
of  bed.

Paint Points & 
Improvements

Clinical Eye is not 
very objective

Cannot obtain 
detailed kinematic 
measurements with 
Clinical Eye

Not able to provide 
visual feedback to 
patient

Difficult to see small 
changes/effect after 
interventions or 
between sessions / 
compare between 
interventions and 
sessions

Cannot 
measure energy 
consumption

Currently physician 
makes the final 
decision. Want it to 
be more of a group 
decision.

Since the orthesis have to go through insurance, the 
physiotherapist and physician need to ensure that 
the patient will not have any additional changes 
before finalizing orthesis. 

Difficult because they do not want to prescribe an 
orthesis too early and risk it not working later on but 
they need an orthesis to practice walking

Patient uses borrowed or off the shelf orthesis or 
uses walking aids until decision can be finalized.

Orthesis take a while to make and are usually not 
done before the patient is discharged.

Gait Lab is not used often due to it is time consuming 
and is it not possible or difficult to access Gait Lab 
Equipment.

Difficult to view and interpret data

Interface is difficult to operate

Cannot be conducted outside of the lab setting or 
during a physical therapy session

Delay of up to 2 weeks between when test is conducted 
and physician receives the report.

Experience Journey
Incomplete Spinal Cord Injury Gait Rehabilitation

Patient can take care of themselves and are 
independent right after leaving the hospital 
(7% for traumatic SCI), people who go to 
therapy many years after injury, people who 
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Stakeholder Analysis Matrix 

Stakeholder 
Name 

Who are They  Interest 

How much 
interest do 
they have in 
the project? 
(Low, 
Medium, 
High) 

Influence 

How much 
influence do 
they have 
over the 
project? (Low, 
Medium, 
High) 

What is important to 
the stakeholder? What 
do they want? 

How could the 
stakeholder 
contribute to the 
project? 

How could 
the 
stakeholder 
block the 
project? 

Strategy for engaging the 
stakeholder 

What is their 
benefit? 

Sources (assumption, 
interviews, etc.) 

Physiotherapist  Improve 
patient’s gait 
through 
physiotherapy. 

Will be 
conducting the 
gait assessment 
and viewing the 
data   

High  High  For the whole system 
(interface + Xsens) to 
provide benefits and 
added value over the 
existing gait 
assessment methods 
(clinical eye and 
laboratory gait 
analysis). 

At the beginning of 
the project by 
participating in a 
focus group and 
filling out a survey to 
obtain information 
on their current 
experience with gait 
assessment and what 
they would like to be 
included in the 
interface. In later 
stages by giving 
feedback on 
proposed designs and 
participating in 
prototype testing. 

By not 
participating 
in the focus 
groups, 
survey, design 
feedback, or 
prototype 
testing.  

By not 
wanting to 
change their 
ways and 
adapt the 
new system. 

By making it as easy as 
possible to participate in 
activities (focus group, 
survey, testing, etc.). 

Providing updates 
throughout the project. 

Having a meeting at the 
end to present results. 

From their input 
and participation, 
a user interface 
can be designed 
that allows them 
to obtain more 
accurate and 
objective 
information than 
the clinical eye, in 
way that is more 
accessible and 
less time 
consuming than 
gait lab. 

Questionnaire & Focus 
Group 

Rehabilitation 
Physician 

Develop 
patient’s 
treatment plan 
and prescribe 
interventions to 
aid in gait 
improvement. 

High  High   For the whole system 
(interface + Xsens) to 
provide benefits and 
added value over the 
existing gait 
assessment methods 
(clinical eye and gait 
lab).  

At the beginning of 
the project by 
participating in a 
focus group and 
filling out a survey to 
obtain information 
on their current 
experience with gait 
assessment and what 

By not 
participating 
in the focus 
groups, 
survey, design 
feedback, or 
prototype 
testing.  

By making it as easy as 
possible to participate in 
activities (focus group, 
survey, testing, etc.). 

Providing updates 
throughout the project. 

From their input 
and participation, 
a user interface 
can be designed 
that allows them 
to obtain more 
accurate and 
objective 
information than 

Focus Group with Clinicians 
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Will be 
interpreting the 
results from the 
gait assessment 
conducted by 
the 
physiotherapist 

they would like to be 
included in the 
interface. In later 
stages by giving 
feedback on 
proposed designs and 
participating in 
prototype testing. 

By not 
wanting to 
change their 
ways and 
adapt the 
new system. 

Having a meeting at the 
end to present results. 

the clinical eye, in 
way that is more 
accessible and 
less time 
consuming than 
gait lab. 

Patient  Have an 
incomplete 
spinal cord 
injury and are 
participating in 
gait 
rehabilitation. 

Physiotherapists 
will be using 
system (Xsens + 
interface) on 
them to collect 
data on their 
gait. 

Medium  Medium  To be able to 
understand the 
feedback from the 
physical therapists to 
improve their walking. 

That the best 
intervention/treatment 
is selected by the 
clinicians. 

To be able to see if and 
how much they are 
progressing. 

Participating in focus 
groups or surveys to 
give feedback on the 
proposed designs. 

Participating in 
prototype testing. 

By not 
participating 
in the 
activities 
(survey, focus 
group, etc.). 

By not 
wanting the 
clinicians to 
use the 
system 
/interface. 

Reach out initially to 
explain project and why 
their input is helpful. 

By making it as easy as 
possible to participate in 
activities (focus group, 
survey, testing, etc.).  

Providing updates 
throughout the project. 
Having a meeting at the 
end to present results. 

Through being 
able to visualize 
their gait, they 
can better see 
where and how 
they can improve 
and where they 
have improved. 

Interface will 
allow clinicians to 
have additional 
information to 
ensure they 
recommend the 
right intervention 
for them. 

Questionnaire & Focus 
Group with Clinicians  

Literature Research 

Rehabilitation 
Team 
(Occupational 
Therapist, 
Social Worker, 
Psychiatrist) 

Provide 
medical, 
functional, and 
psychological 
rehabiliation to 
improve 
patient’s 
functioning. 

Medium  Low 
For the patient 
receives the best 
treatment that is 
suited to them to help 
them improve in their 
functioning. 

Potentially 
participating in focus 
groups or surveys to 
give feedback on 
proposed design 

If they do not 
participate in 
the focus 
group or 
surveys it will 
not 
significantly 
impact the 
project 

Will engage indirectly 
through physicians and 
physiotherapists 

In the team 
meetings, 
physiotherapists 
and physicians 
can better explain 
the patient’s 
progress through 
the user interface 
visualizations 

Questionnaire & Focus 
Group 

Literature Research 
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Rehabilitation 
Nurse 

Take care of the 
patient while 
they are at the 
rehabilitation 
center. 

Aid in walking 
and practicing 
transferring in 
and out of bed 

Medium  Low 
For the patient 
receives the best 
treatment that is 
suited to them to help 
them improve in their 
functioning. 

Potentially 
participating in focus 
groups or surveys to 
give feedback on 
proposed design 

If they do not 
participate in 
the focus 
group or 
surveys it will 
not 
significantly 
impact the 
project 

Will engage indirectly 
through physicians and 
physiotherapists 

In the team 
meetings, 
physiotherapists 
and physicians 
can better explain 
the patient’s 
progress through 
the user interface 
visualizations. 

Through 
visualizations can 
gain a better 
understanding of 
what needs be 
worked on 
walking and 
standing 
practicing  

Questionnaire & Focus 
Group 

Literature Research 

Physiotherapist 
Technician 

Help patients 
use equipment 
during Exercise 
Sessions.  

Assist patients 
as needed in 
Fitness Group 

Potential 
operator of 
system 

Medium  Medium 
To assist 
physiotherapists in 
improving patient’s 
walking ability 

Participating in focus 
groups or surveys to 
give feedback on the 
proposed designs. 

Participating in 
prototype testing. 

If they do not 
participate in 
the focus 
group or 
surveys it will 
not 
significantly 
impact the 
project 

Reach out initially to 
explain project and why 
their input is helpful. 

By making it as easy as 
possible to participate in 
activities (focus group, 
survey, testing, etc.).  

Providing updates 
throughout the project. 
Having a meeting at the 
end to present results. 

Through 
visualizations can 
gain a better 
understanding of 
what needs be 
worked in 
Exercise Sessions 
and Fitness Group 

Questionnaire and Focus 
Group 

Sports 
Therapist 

With patients 
practice 
standing and 
walking in the 
pool and 

Medium  Medium 
To assist 
physiotherapists in 
improving patient’s 
walking ability 

Participating in focus 
groups or surveys to 
give feedback on the 
proposed designs. 

If they do not 
participate in 
the focus 
group or 
surveys it will 

Reach out initially to 
explain project and why 
their input is helpful. 

By making it as easy as 
possible to participate in 

Through 
visualizations can 
gain a better 
understanding of 
what needs be 

Questionnaire and Focus 
Group 
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through sports, 
such as table 
tennis 

Participating in 
prototype testing. 

not 
significantly 
impact the 
project 

activities (focus group, 
survey, testing, etc.).  

Providing updates 
throughout the project. 
Having a meeting at the 
end to present results. 

worked in 
sessions 

Patient’s Family  Family member 
of patient 

Medium  Low 
That the patient 
receives the best care 
possible 

Potentially 
participating in focus 
groups or surveys to 
give feedback on 
proposed design 

If they do not 
participate in 
the focus 
group or 
surveys it will 
not 
significantly 
impact the 
project 

Will engage indirectly 
through physicians and 
physiotherapists 

Through user 
interface 
visualizations can 
understand 
patient’s progress 
and why 
interventions are 
needed.  

Questionnaire & Focus 
Group 

Neuro or 
Orthopaedic 
Surgeon 

Perform surgery 
on patient 

Low   Low 
That after the surgery 
the patient’s gait 
improves 

Potentially 
participating in focus 
groups or surveys to 
give feedback on 
proposed design 

If they do not 
participate in 
the focus 
group or 
surveys it will 
not 
significantly 
impact the 
project 

Will engage indirectly 
through physicians and 
physiotherapists 

Obtain additional 
information on 
patient’s gait that 
can be used to 
select surgical 
treatment and 
guide surgery 

Questionnaire & Focus 
Group 

Orthosis Expert   Help decide 
what orthesis to 
prescribe for 
the patient 

Medium  Low 
Orthesis is designed to 
optimize patient’s 
walking 

Potentially 
participating in focus 
groups or surveys to 
give feedback on 
proposed design 

If they do not 
participate in 
the focus 
group or 
surveys it will 
not 
significantly 
impact the 
project 

Will engage indirectly 
through physicians and 
physiotherapists 

System can be 
used in testing 
orthesis to select 
the best one 

Questionnaire & Focus 
Group 
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Convergence 
Project Team  

Physiotherapists 
and researchers 

High  Medium 
To create an easy‐to‐
use interface that 
allows clinicians to 
have access to 
objective gait analysis 
data without needing 
engineering skills. 

Providing me with 
contacts with 
physicians and 
physiotherapists for 
the initial survey and 
focus group. 

Giving feedback on 
work and proposed 
designs. Guiding me 
in what is feasible 
with current 
technology. 

Deciding to 
discontinue 
the project.  

Not giving me 
contact 
information 
for clinicians. 

Weekly meetings 

Monthly meetings with 
Convergence Project Team 
and TU Delft Supervisory 
Team 

Contribute 
towards reaching 
the goals set out 
in Convergence 
Project proposal 

Convergence Project 
Proposal 

Meetings with 
Convergence Project Team 

Erasmus 
University 
Medical Center 
(MC) 

The 
organization for 
which the 
interface is for. 
The ones 
funding the 
project 

Low  Medium 
(provide 
funding 
but not 
much 
input) 

To provide clinicians 
with the resources and 
tools to provide first‐
rate care to patients. 

By providing funding 
for the project. 

By deciding to 
cut the 
funding for 
the project 

Will engage convergence 
project team but not 
directly Erasmus MC 

The interface will 
provide clinicians 
with information 
that can better 
inform clinical 
decisions and the 
treatment of 
patients. 

https://www.erasmusmc.nl 
/en/research/mission‐and‐
strategy 
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Appendix Q. Program of Requirements

REQUIREMENTS

Vision

1. Easy to Use
1.1. The user interface can be operated 
independently with minimal instruction.  

1.2. Physicians and physiotherapists can select 
and change the gait parameters and the testing 
result visualizations they would like to view with 
minimal effort.

2. Selecting Interventions
2.1. Physicians and physiotherapists can 
use the user interface to compare and select 
walking aids and orthoses.

2.2. The user interface can be used to evaluate 
the effect of treatments and interventions.

2.3. The user interface can be used to find small 
differences in gait.

3. Objective
3.1. The user interface provides more objective 
information than is currently obtained with the 
clinical eye.

3.2. The upper body features in the avatar are 
visible.

4. Time Efficient Manner 
4.1. After reviewing the testing results in the 
user interface for 5 minutes, physicians and 
physiotherapists can obtain an overview of the 
results.

4.2. Physicians and physiotherapists can 
comprehensively interpret and analyze the 
results within 15 minutes. 

4.3. Complete test results can be viewed within 
5 minutes after the test is conducted.

5. Intuitive
5.1. The testing results are easier to view and 
interpret than in laboratory gait analysis. 

5.2. Physicians and physiotherapists with 
minimal pre-existing knowledge on gait analysis 
can understand and interpret the results. 

5.3. The user interface provides enough 
information to allow the physicians and 
physiotherapists to make an informed analysis, 
but not so much that it overloads them with 
information. 

User Interface Design

6. Ergonomics
6.1. To allow the visually impaired and color-
blind to operate the interface, font sizing and 
contrast between text should abide by the Web 
Content Accessibility Guidelines (WCAG) (Barry, 
2021).

6.2. The capital font size should be a minimal 
of 1/200th of the reading distance (Dul & 
Weerdmeester, 2008).

6.3. The space between the line should be 
at least 1/30th the length of the line. (Dul & 
Weerdmeester, 2008).

6.4. The noise level of any sounds should be 
below 80 decibels (Dul & Weerdmeester, 2008).

6.5. The screen’s brightness should not be three 
times larger or smaller than the brightness 
of the user’s close surroundings. (Dul & 
Weerdmeester, 2008).

7. Usability
7.1. The operation of each screen in the user 
interface is self-evident.

7.2. Affordances are implemented throughout 
the user interface. (Krug, 2014). 

7.3. Be consistent and follow established 
conventions (Jack Nielsen’s Usability Heuristics)
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7.4. Minimize the number of steps needed to 
complete a function. (Jack Nielsen’s Usability 
Heuristics)

7.5. Affordances are implemented throughout 
the user interface. (Krug, 2014). 

7.6. Design for intermediate users (Cooper et al., 
2014)

7.7. Allow for customisation such that expert 
users can speed up how they use the system 
(Jack Nielsen’s Usability Heuristics)

7.8. If a convention is not used, then the 
convention should be replaced with a clear 
concept that the user can understand with 
minimal explanation or with a change that has 
enough added value the user will not mind a 
slight learning curve (Krug, 2014).

8. Layout
8.1. Cohesiveness and flow is kept throughout 
the user interface  (Dai, 2018)

8.2. The user interface contains an effective 
visual hierarchy (Krug, 2014).

8.3. The user interface layout should follow a 
logical flow (Copper et al., 2014).

8.4. Indicate to users where they are in respect 
to the whole interface (Krug, 2014).

8.5. The user only needs to focus on one 
primary function per page (“What is User,” n.d.).

8.6. Format the interface to support scanning 
(Cooper et al., 2014).

8.7. Divide the screen into clearly defined areas 
(Cooper et al., 2014)

9. Formatting & Aesthetics of Visualizations
9.1. The user interface and test results 
visualizations are aesthetically appealing and do 
not have a purely technical aesthetic.

9.2. The content and visual design are kept 
minimalistic as possible, and only essential 
information and elements are included (Jack 
Nielsen’s Usability Heuristics).

9.3. Integrate text, graphics, and data in one 
display rather than placing all information in a 
legend (Tuft Grand Principles)

9.4. When showing changes over time, display 
the changes adjacent in space, not staked in 
time. (Tuft Grand Principles)

9.5. When designing icons, avoid excessive 
visual detail and reuse icons throughout the 
design so that the user only needs to learn them 
once (Cooper et al., 2014)

10. Feasibility
10.1. The testing results visualizations can be 
developed using data from Xsens MVN Analyze

10.2. The testing results visualizations can be 
developed using existing software. 

11. Use Context
11.1. The user interface can be operated on a 
computer.

11.2. The Xsens system and user interface can 
be used with patients who are walking with 
braces/crutches and those who have a more 
improved level of walking.

11.3. The Xsens system and user interface 
can be used outside of a lab in different 
environments

11.4. Within 10 to 30 minutes, the entire system 
(Xsens and user interface) can set up, used, and 
produce results (focus group)

11.5. For calibration, the Xsens MTw Awinda 
system can be operated by physiotherapists 
and physicians without extensive effort and in a 
timely manner. 

WISHES
12. The user interface can be used to provide 
feedback to patients to improve their waking.

13. The user interface can be used to determine 
the underlying problems in gait.

14. The user interface can be used to evaluate a 
patient’s progress.

15. The user interface can be used to choose 
physical therapy focus.

16. Can provide visual feedback to patients.

17. The Xsens system and user interface can be 
used with patients who are walking parallel bars 
or a walker.

18. The user interface provides patients with an 
overview of their test results in a way they can 
understand.

19. The user interface can be operated on all 
physician and physiotherapist computers.
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20. The testing results are accessible to all 
physiotherapists, physicians, and members of 
the rehabilitation team (occupational therapist, 
social worker, psychiatrist, nurses).
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PARAMETERS
In the focus group sessions, participants were 
asked to evaluate six different categories of 
parameters. 

In defining the scope of the design directions, 
what parameters and visualizations to focus on 
in ideation were also established. In the focus 
group sessions, it was expressed that stand/
swing time and single/double support time are 
similar, and only one set needed to be included 
in the interface. As stand/swing time was rated 
more needed over single/double support time, it 
was selected to include in the interface. 

Within the category of gait variation, for the 
parameters of gait symmetry and step-to-step 
variation, a visualization would need to be 
developed for each parameter. This would be 
an additional 22 visualizations. Due to the large 
number of visualizations needed to develop and 
the low level of need by participants in the focus 
group sessions, it was decided not to ideate 
on gait symmetry and step to step variation 
and instead focus on the remainder of the 
parameters. 

VISUALIZATIONS
Through the focus group sessions, how the 
physiotherapists and physicians want the 
parameters to be visualized was determined 
(Table 2). It was also selected if they wanted to 
view the parameters in real time or at the end 
of the trial. Even though the content presented 
in real time and end of trial visualizations will 
be similar for each parameter, how they are 
displayed will differ. In real time, the data is 
continually updated, while at the end of trial, the 
data for the entire test has been processed and 
will be presented

 In the focus group sessions, it was expressed 
that while conducting the test most clinicians’ 
focus will be on the patient and not on the 
interface. In doing so, they would evaluate the 

end of trial visualizations more often than in real 
time. Consequently, it was decided to focus on 
the end of trial visualizations and develop the 
real time visualizations in later design iterations

The aesthetics of the avatar was also not 
within the scope of the ideation. What the 
avatar should be able to do was focused on, 
but not how the avatar looks. The avatar will be 
later developed by Convergence Team using 
existing software. As this requires extensive 
programming and data processing, which would 
take a lot of time to learn and develop, it was 
decided that the ideation time would be better 
spent on the visualizations. 

Visualizations for the upper body were also 
not developed. In the focus group sessions, 
participants were satisfied with just seeing 
the avatar for the upper body segments and 
did not think they needed to view any detailed 
parameter information. In doing so, information 
regarding upper body segments will only be 
displayed through the avatar

Visualizations to compare results between 
sessions, display the normal values, and show 
the left and right differences were included in 
the ideation scope as most participants in the 
focus group session said they were in great 
need. Comparing results between patients 
was of no need and thus was not included. As 
the visualizations displaying the data for each 
parameter and those displaying the normal 
values for each parameter are similar in content, 
one visualization was developed for both. 

Appendix R. Parameter & Visualizations 
Scope
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Appendix S. Visualization Collages
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Time
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Distance
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Kinematics
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Joint Angles
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Gait Stability
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Normal Values
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Comparison
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Appendix T. Morphological Chart
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Appendix U. Visualization Harris Profiles
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Time (Single/Double Support Time, Walking Speed, Stand/Swing Time)
Visualization: Numbers

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal pre-
existing knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Bar Graph
Label & 
Number 

Label, Number, 
& Icon

Icon Changes according 
to data

Mean Plotted on 
vertical Line

Interactive Scatter/Point 
Graph per gait cycle

Interactive Scatter/Point 
Graph over time
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Distance (Step/Stride Length, Base of Support)
Visualization:  Numbers & Graphs

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal pre-
existing knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Bar Graph over 
time

Interactive 
Scatter/Point 
Graph per gait 
cycle (Average)

Interactive 
Scatter/Point 

Graph over time
Label & Number Mean Table

Icon Changes 
according to 

data

Mean Plotted 
on vertical Line

Interactive 
Scatter/Point Graph 

per gait cycle
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Joint Angles
Numbers, Graphs, & Animations

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal 
pre-existing knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Interactive Line graph 
with swing & stand 
lables (Over Time)

Angles on Avatar

Label & Number 
(Min, Max, At Foot 

strike, at foot 
release) 

Interactive Line graph 
with swing & stance 

phase lables (Per Gait 
Cycle)

Interactive Line graph with 
swing & stand lables (Per Gait 

Cycle, Average)
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Gait Stability (Position Center of Mass (CoM), XCoM)
Graphs & Animations

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal pre-
existing knowledge on gait analysis
Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Interactive Line graph 
with swing & stand 
lables (Over Time)

Labeled on Avatar Butterfly Graph
Interactive Line graph 

with swing & stand lables 
(Per Gait Cycle)

Interactive Line graph with 
swing & stand lables (Per Gait 

Cycle, Average)
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Kinematics / Foot Position (Prepositioning of Foot in Swing , Foot Placement in Stance, Clearance in Swing)
Graphs & Animations

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented

5.2 Can be understand with minimal pre-existing 
knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Interactive Line graph 
with swing & stand 
lables (Over Time)

Angles on AvatarLabel & Number Label, Number, & Icon
Icon Changes according 

to data

Interactive Line graph 
with swing & stance 

lables (Per Gait Cycle)

Interactive Line graph with 
swing & stand lables (Per 

Gait Cycle, Average)
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Appendix V. Visualization Concepts
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Time

Visualizations
Option 1 - Mean Table

Parameter Right Left Normal Values

Stance Time (s) 0.64 0.65 0.65

Swing Time (s) 0.43 0.42 0.44

Walking Speed (m/s) 1.2 1.2

Option 2 - Mean Horizontal Plot
0 0.5 1 1.5

Stance Time (s) 0.64   0.65

Swing Time (s) 0.43 0.42

Walking Speed (m/s) 1.2

Right Left Normal

Features

Parameter Right Left Normal Values

Stance Phase (%) 59.84 61.07 58.98

Swing Time (s) 40.16 38.98 40.03

Phase Percentage

Stance Time, Swing Time, Walking Speed
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Comparison
Option 1 - Average Values Table

Test 1 Test 2 Test 3

Parameter Right Left Right Left Right Left

Stance Time (s) 0.64 0.65 0.70 0.71 0.60 0.58

Swing Time (s) 0.43 0.42 0.50 0.49 0.44 0.40

Walking Speed (m/s) 1.2 1.4 1.1

Option 2 - Bar Graph of Averages

1.5

1.0

0.5

0

Test 1 Test 2 Test 3      Test 4

Walking Speed

Sp
ee

d 
(m

/s
)

Option 3 - Average Horizontal Plot
0 0.5 1 1.5

Walking Speed (m/s) 1.2 1.4 1.1

Test 1 Test 2 Test 3

1.5

1.0

0.5

0

Test 1 Test 2 Test 3      Test 4

Ti
m

e 
(s

)
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Distance

Visualizations
Option 1 - Mean Table

Parameter Right Left Normal Values

Step Length (m) 0.66 0.62 0.62

Stride Length (m) 1.27 1.36

Distance Walked (m) 10

Option 2 - Mean Horizontal Plot
0 0.5 1 1.5

Step Length (m) 0.66 0.62

Stride Length (s) 1.27

Right Left Normal

Option 3 - Scatter Plot over Time
1.5

1.0
0.5

0
0 30 60 90 120 150St

ep
 L

en
gt

h 
(m

)

Time (s)

95 s, 0.95m

Step Length, Stride Length, & Distance Walked
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Comparison
Option 1 - Average Values Table

Test 1 Test 2 Test 3

Parameter Right Left Right Left Right Left
Step Length (m) 0.66 0.62 0.70 0.64 0.64 0.62

Stride Length (m) 1.27 1.30 1.23

Option 2 - Bar Graph of Averages

1.5

1.0

0.5

0

Test 1 Test 2 Test 3

Stride Length

St
rid

e 
Le

ng
th

 (m
)

Option 3 - Average Horizontal Plot
0 0.5 1 1.5

Stride Length (m) 1.27 1.30 1.23

Test 1 Test 2 Test 3

Option 4 - Scatter Plot
1.5

1.0
0.5

0
0 30 60 90 120 150St

ep
 L

en
gt

h 
(m

)

Time (s)

Test 1
Test 2
Test 3
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30

20
10

0
0 20 40 60 80 100

Knee Rotation

30

20
10

0
-10
-20
-30

0 20 40 60 80 100

Joint Angles

Visualizations
Option 1 - Table

Option 3 - Graph, Average per Gait Cycle

A
ng

le
 (d

eg
.)

55%, -2.5

Gait Cycle (%)

Knee Rotation

Right
Left
Normal

30

20
10

0
-10
-20
-30

0 25 50 75 100 125

Option 2 - Graph, Average over Time

A
ng

le
 (d

eg
.)

60s, -2.5

Time (s)

Knee Rotation

Right
Left
Normal

Knee Angle 
(deg)

Overall Stance Phase Swing Phase At foot 
strike

At foot 
releaseMin. Max. Min. Max. Min. Max.

Right -3.26 33.67 -0.15 15.60 -3.60 33.67 2.32 16.00

Left -1.26 46.98 -1.26 31.81 0.63 46.98 8.90 25.30

Normal -2.00 35.00 -1.00 25.00 -3.00 45.00 5.00 26.00

Features
Swing & Stance Phase Labels

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Right
Left
Stance Phase
Swing Phase

30

20
10

0
0 20 40 60 80 100

Right Knee
Flexion, Abduction, & Rotation on Same Graph

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Flexion
Abduction
Rotation

Hip, Knee, Ankle, & Trunk
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30

20
10

0
0 20 40 60 80 100

Knee Rotation

Gait Cycle (%)

Right
Left

30

20
10

0
0 20 40 60 80 100

Knee Flexion

Gait Cycle (%)

30

20
10

0
0 20 40 60 80 100

Knee Abduction

Gait Cycle (%)

Flexion, Abduction, & Rotation on Seperate Graphs

Ankle

Knee

Hip 160°

145°

110°

73



30

20
10

0
-10
-20
-30

0 20 40 60 80 100

Comparison

Option 2 - Graph, Plotted Together

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Knee Rotation

Test 1
Test 2
Test 3
Test 4

Option 1 - Video Side by Side
Test 1 Test 2

Option 3 - Graphs, Plotted Side by Side

30

20
10

0
-10
-20
-30

0 20 40 60 80 100

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Test 1
30

20
10

0
-10
-20
-30

0 20 40 60 80 100

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Test 2
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0.1

0.05

0
-.05
-0.1

0 20 40 60 80 100

Gait Stability
Visualizations - Position Center of Mass (CoM) & X (CoM)

Option 2 - Graph, Average per Gait Cycle

55%, -.045

Gait Cycle (%)

XCoM
0.1

0.05

0
-.05
-0.1

0 25 50 75 100 125

Option 1 - Graph, Average over Time

La
te

ra
l P

os
iti

on
 (m

)

60s, -.045

Time (s)

XCoM

Features - Position Center of Mass (CoM) & X (CoM)
Swing & Stance Phase Labels

CoM
XCoM

Same Plot

La
te

ra
l P

os
iti

on
 (m

)

0.1

0.05

0
-.05
-0.1

0 25 50 75 100 125La
te

ra
l P

os
iti

on
 (m

)

Time (s)

XCoM
0.1

0.05

0
-.05
-0.1

0 25 50 75 100 125La
te

ra
l P

os
iti

on
 (m

)

Time (s)

Stance Phase
Swing Phase

Position on Avatar

CoM

75



Visualizations - Base of Support
Option 1 - Mean Table

Parameter Normal Values

Base of Support (m) 0.04 0.08

Option 2 - Mean Horizontal Plot
0 0.02 0.04 0.06

Base of Support (m) 0.04

Option 3 - Scatter Plot over Time
0.06

0.04
0.02

0
0 30 60 90 120 150

B
as

e 
of

 
Su

pp
or

t (
m

)

Time (s)

95 s, 0.03m
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0.1

0.05
0

-.05
-0.1

0 20 40 60 80 100

Comparison

Option 2 - Graph, Plotted Together

La
te

ra
l P

os
iti

on
 (m

)

Gait Cycle (%)

XCoM

Test 1
Test 2
Test 3
Test 4

Option 1 - Video Side by Side
Test 1 Test 2

Option 3 - Graphs, Plotted Side by Side

0.1

0.05
0

-.05
-0.1

0 20 40 60 80 100La
te

ra
l P

os
iti

on
 (m

)

Gait Cycle (%)

Test 1
0.1

0.05
0

-.05
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0 20 40 60 80 100La
te
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l P

os
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 (m

)

Gait Cycle (%)

Test 2

77



30

20
10

0
0 20 40 60 80 100

Foot Position

Visualizations

Option 2 - Graph, Average per Gait Cycle

40

30
20

10
0

0 25 50 75 100 125

Option 2 - Graph, Average over Time

A
ng

le
 (d

eg
.) 60s, 15

Time (s)

Prepositioning of Foot in Swing

Right
Left
Normal

Features
Swing & Stance Phase Labels

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Right
Left
Stance Phase
Swing Phase

30

20
10

0
0 20 40 60 80 100

Prepositioning & Foot Placement on Same Plot

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Prepositioning of 
Foot in Swing
Foot Placement 
in Stance

Prepositioning of Foot in Swing, Foot Placement in Stance, & Clearance in Swing

40

30
20

10
0

0 20 40 60 80 100

A
ng

le
 (d

eg
.) 55%, 15

Gait Cycle (%)

Prepositioning of Foot in Swing

Right
Normal

Option 3 - Average & Icon
Prepositioning of Foot in Swing

15°25°
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40

30
20
10
0

0 20 40 60 80 100

Comparison

Option 2 - Graph, Plotted Together

A
ng

le
 (d

eg
.)

Gait Cycle (%)

Prepositioning of Foot in Swing

Test 1
Test 2
Test 3
Test 4

Option 1 - Video Side by Side
Test 1 Test 2

Option 3 - Graphs, Plotted Side by Side
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Gait Cycle (%)

Test 1
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Gait Cycle (%)

Test 2
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Appendix W. Interface Layout Collages
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Open Interface

81



Start Page - Login

82



Start Page – Select What To Do 
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Data Visualization & Selection
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View Data in Real Time & at End of Trial
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Comparison Between Tests

88



Done Viewing Data
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Appendix X. Interface Layout Harris 
Profiles
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Time (Single/Double Support Time, Walking Speed, Stand/Swing Time)
Visualization: Numbers

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal pre-
existing knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Bar Graph
Label & 
Number 

Label, Number, 
& Icon

Icon Changes according 
to data

Mean Plotted on 
vertical Line

Interactive Scatter/Point 
Graph per gait cycle

Interactive Scatter/Point 
Graph over time
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Distance (Step/Stride Length, Base of Support)
Visualization:  Numbers & Graphs

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal pre-
existing knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Bar Graph over 
time

Interactive 
Scatter/Point 
Graph per gait 
cycle (Average)

Interactive 
Scatter/Point 

Graph over time
Label & Number Mean Table

Icon Changes 
according to 

data

Mean Plotted 
on vertical Line

Interactive 
Scatter/Point Graph 

per gait cycle
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Joint Angles
Numbers, Graphs, & Animations

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal 
pre-existing knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Interactive Line graph 
with swing & stand 
lables (Over Time)

Angles on Avatar

Label & Number 
(Min, Max, At Foot 

strike, at foot 
release) 

Interactive Line graph 
with swing & stance 

phase lables (Per Gait 
Cycle)

Interactive Line graph with 
swing & stand lables (Per Gait 

Cycle, Average)
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Gait Stability (Position Center of Mass (CoM), XCoM)
Graphs & Animations

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented
5.2 Can be understand with minimal pre-
existing knowledge on gait analysis
Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Interactive Line graph 
with swing & stand 
lables (Over Time)

Labeled on Avatar Butterfly Graph
Interactive Line graph 

with swing & stand lables 
(Per Gait Cycle)

Interactive Line graph with 
swing & stand lables (Per Gait 

Cycle, Average)
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Kinematics / Foot Position (Prepositioning of Foot in Swing , Foot Placement in Stance, Clearance in Swing)
Graphs & Animations

- - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + + - - - + + +

5.3 Amount of information presented

5.2 Can be understand with minimal pre-existing 
knowledge on gait analysis

Feasbility

3.1 Objectivity

6.1. Aesthetically appealing

4.1 & 4.2 Interepret data time efficiently

Interactive Line graph 
with swing & stand 
lables (Over Time)

Angles on AvatarLabel & Number Label, Number, & Icon
Icon Changes according 

to data

Interactive Line graph 
with swing & stance 

lables (Per Gait Cycle)

Interactive Line graph with 
swing & stand lables (Per 

Gait Cycle, Average)
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Appendix Y. Interface Layout Concepts
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Step 1. Click On Interface Icon

17
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Step 2. Login

19
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Step 3. Open Test

20
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Step 4. Select Parameters & Visualizations
Option 1

23
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Step 4. Select Parameters & Visualizations
Option 1

25
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Step 4. Select Parameters & Visualizations
Option 2

31
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Step 4. Select Parameters & Visualizations
Option 2

33
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Step 5. View Data
Option 1

37
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Step 5. View Data
Option 1

39
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Step 5. View Data
Option 2

40
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Step 5. View Data
Option 2

43
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Step 6. Compare Orthosis
Option 1

45

+
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Step 6. Compare Orthosis
Option 2

48
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Step 6. Compare Orthosis
Option 2

50
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Appendix Z . Concept Evaluation Focus 
Group - Interface Layout Booklet

111



Step 1. Click-On User Interface to Enter 
 

 
 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 
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Step 2. Login 

 
 

 

 

 

 

 

 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 
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Step 3. Start New Test or Open Existing Test 

 
 

 

 

 

 

 

 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 
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Step 4. Select Parameters to Evaluate & Visualizations 
Option 1 

 

 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 

____________________________ 
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Option 2 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 

____________________________ 
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Step 5. View Data 
Option 1 

 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 

____________________________ 
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Option 2 

 

 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 

____________________________ 
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Step 6. Comparison 
Option 1 

 
 

 

 

 

 

 

 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 

____________________________ 
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Option 2 

 

 

 
 

How easy is it to understand and operate? 

   O        O             O       O                O  
Very          Moderate                      Very  
Difficult                                 Easy 

____________________________
____________________________
____________________________
____________________________
____________________________
____________________________ 

____________________________ 
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Appendix AA . Concept Evaluation Focus 
Group - Data Visualizations Booklet
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Visualizations 
Circle the visualization(s) you favor.  
Time: Swing Time, Stance Time, Walking Speed 

Data Average Average + Standard Deviation Average + Min & Max 

 
Visualiza

tion  

 
1. Average Table 

 

 

 
2. Average Horizontal Plot 

 

 

 

      
 
Distance: Stride Length, Step Length, Distance Walked 

Data Average Average + Standard Deviation Average + Min & Max 

 
Visualiza

tion  

 
1. Average Table 

 

 

 
2. Average Horizontal Plot 

 

 

 
3. Scatter Plot 

 

 
      
 
Gait Stability: Base of Support 

Data Average Average + Standard Deviation Average + Min & Max 

 
Visualiza

tion  

 
1. Average Table 

 

 

 
2. Average Horizontal Plot 

 

 

 
3. Scatter Plot 
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Circle the visualization(s) you favor.  
Foot Position: Prepositioning of Foot in Swing, Foot Placement in Stance, & 
Clearance in Swing 

Data Average Average + Standard 
Deviation 

Average + Min & Max 

 
Visualiza

tion  

 
1. Graph, Average over Time 

 
2. Graph, Average over 

Gait Cycle 
 

 
3. Average & Icon  

 

   

   
 
Joint Angle: Trunk, Hip, Knee, Ankle 

Data Average Average + Standard 
Deviation 

Average + Min & Max 

 
Visualiza

tion  

 
1. Graph, Average over Time 

 
2. Graph, Average 

over Gait Cycle 
 

 
3.Table  

 

   

  

 

 
Gait Stability: Position Center of Mass (CoM), Extrapolated Center of Mass (XCoM) 

Data Average Average + Standard 
Deviation 

Average + Min & 
Max 

 
Visualiz

ation  

 
1. Graph, Average over Time 

 
2. Graph, Average over Gait 

Cycle 
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Comparison 
Circle the visualization(s) you favor.  
Time: Swing Time, Stance Time, Walking Speed 

1. Average Values Table 

 

2. Bar Graphs of Averages 

 
3. Horizontal Plot of Averages 

 

 
 
Distance: Stride Length, Step Length, Distance Walked 

1. Average Values Table 

 

2. Bar Graphs of Averages 

 
3. Horizontal Plot of Averages 

 

 

4. Scatter Plot 

 
 

Gait Stability: Base of Support 

1. Average Values Table 

 

2. Bar Graphs of Averages 

 
3. Horizontal Plot of Averages 

 

 

4. Scatter Plot 
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Circle the visualization(s) you favor.  
Foot Position: Prepositioning of Foot in Swing, Foot Placement in Stance, & 
Clearance in Swing 

1. Side by Side Video 

 

2. Graph Plotted Together 

 
3. Graphs, Plotted Side by Side 

 
 
Joint Angle: Trunk, Hip, Knee, Ankle 

1. Side by Side Video 

 

2. Graph Plotted Together 

 
3. Graphs, Plotted Side by Side 

 
 
Gait Stability: Position Center of Mass (CoM), Extrapolated Center of Mass (XCoM 

1. Side by Side Video 

 

2. Graph Plotted Together 

 
3. Graphs, Plotted Side by Side 
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What parameters would you like to show patients? 
Circle the parameters 
Time 

 Swing / Stance Time 

 Walking Speed 

Distance 

 Step / Stride Length 

 Distance Walked 

Joint Angles 

 Joint Angles 

Foot Position 

 Prepositioning of Foot in Swing 

Foot Placement in Stance 

Clearance in Swing 

Gait Stability 

 Position Center of Mass 

 Base of Support 
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Appendix BB. Incomplete SCI Patient 
Interview Questions

Tell me a little about yourself
-Injury

-How long they have been a Rijndam

-Walking ability: wheelchair, walker, crutches

-Occupation / Former Occupation

-Treatment received so far

Current Experience
-Motivation levels throughout treatment

-Do you ever get down on yourself. What do you 
want to do to improve?

-Is there anything you think would be an added 
benefit in helping you understand how to 
improve your walking?

-When you walk in physiotherapy and the 
PT explain what to fix, are you sometimes 
confused? By what?

-Are you confused when the physician explains 
your progress

Interface
-Would you want to see your progress? How 
often?

-Do they want an app to check their progress or 
just report or just rely on physiotherapist and 
physician?

-What additional information would patients 
like to see that is currently not included in the 
interface?

Visualizations
-What do you like about the visualizations and 
what do they find confusing?
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Appendix CC. Final Design Prototype
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Appendix DD. Evaluation of Final Design 
Interview Questions

Prototype Tasks
1. Login 

2. Open Test

3. Data Visualization Selection

3.1. Find Viewer

3.2. Select which parameters to view

3.3. Select what categories to view at this 
time

4. Comparison Between Tests

4.1. Find Comparison

4.2. Add Tests

4.3. Change parameters and features

5. Settings

5.1. Find Settings

5.2. Click on Time

5.3. Change type of data and visualization 

6. Done Viewing Data

6.1. Click Logout

Evaluating Layout 
• What do you like and what can be improved?

• Does it require additional instructions?

• Is it clear?

• How easy it is to understand and operate?

Evaluating Visualizations
• How easy is it to understand?  

• How intuitive is it to interpret?  Can you 
understand without additional instructions?

• Are the visualizations objective? 

• Can they be viewed quickly time efficiently?

• Comparison Visualizations

o For comparison bar graphs, do you want all 
lefts together and all rights together or want 
it grouped by test?

o Is comparing three tests enough?

o The gait variation is not there. Do you miss 
it?

o Does left and right changing from viewer to 
comparison confuse you?

Clinical Eye vs. Gait Vision
The same questions were asked for the clinical 
eye and gait vision evaluation

• Can you spot the differences between the 
gaits easily?

• How objective is it?

• Is it intuitive to understand?

• Is it time-efficient? 

• What parameters were you looking at when 
evaluating the gait? What parameters are you 
making your decision on?

• For interface, did you take the avatar video or 
visualizations into consideration more? 

• What brace would you recommend and why?

Added Value
• Do you see this system adding any benefit to 
gait assessment? If so, where?

• If this product was offered in the next year 
would you want to use it?

• Do you think this would be of added benefit in 
trying to explain things to patients?

• How do you think this product can be used in 
5 years in health care? What do you envision 
being done with the product?
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Clinical Eye 
 

  Strongly 
Disagree 

Disagree Neither 
Agree nor 
Disagree 

Agree Strongly 
Agree 

1. I can easily identify the difference 
between gaits 

O O O O O 

2. I can objectively evaluate the gaits. O O O O O 

3. I can interpret the gait time 
efficiently 

O O O O O 

4. From the gait evaluation, I can 
recommend a brace to implement 

O O O O O 

 

 

Gait Assessment 
 

  Strongly 
Disagree 

Disagree Neither 
Agree nor 
Disagree 

Agree Strongly 
Agree 

1. I can easily identify the difference 
between gaits 

O O O O O 

2. I can objectively evaluate the gaits. O O O O O 

3. I can interpret the gait time 
efficiently 

O O O O O 

4. From the gait evaluation, I can 
recommend a brace to implement 

O O O O O 
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Appendix EE. Final Design Evaluation - 
Interface Layout Questionnaire
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Appendix FF. Final Design Evaluation - 
Interface Visualizations
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Appendix GG. Final Design Evaluation - 
Orthoses Comparison Visualizations
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Appendix HH. Implementation - 
Behavioral Change Model
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 A

Specifying the Target Behaviour 

-Target behaviour: To get clinicians to adapt to using system

-Who needs to perform the behaviour: Physiotherapists & Physicians

-What do they need to do differently to achieve the desired change: Use system in addition to clinical eye

-When do they need to do it?: When selecting orthosis

-Where do they need to do it?: On hospital premises

-How often do they need to do it?: When selecting orthosis

-With whom do they need to do it?: Alone

Capability-Opportunity-Motivation Behaviour Model 

Most Important to change: Reflective motivation, Psychological Capability, Physical Opportunity 

Medium Important: Automatic Motivation, Social opportunity 

Least Important / Minimal to no change needed: Physical capability 

COM-B Components What need to happen for the target behaviour to occur Is there a need for change 
Physical capability Have the physical skills to be able to put sensors on patient and 

operate digital interface 
No change needs as clinicians have these skills 

Psychological Capability Know how to operate system Minimal change needed as they know how to operate a computer and 
interface is easy to use 

Know how to interpret graphs Change needed as most clinicians know what the parameters mean, but 
do not know how to interpret the graphs 

Physical opportunity Have access to system Change needed as currently gait assessment system is located in a 
difficult to access location 

Social opportunity Clinicians talk to each other about using system and their 
experience 

No change needed as they already discuss with each other tools they are 
using 

Reflective motivation Believing that there is added benefit to using the system (more 
objective, able to see detailed results, etc.) 

Change needed as they are used to using clinical eye and are not as 
willing to abandon this way 

Automatic motivation Have established routines of when clinicians want to make a 
decision about something (Such as selecting orthosis) then they use 
the system 

Change needed to establish routine 
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Behavioural diagnosis of 
the relevant COM-B 

Psychological capability, physical opportunity, reflective motivation, and automatic motivation 

 

BCW Intervention Functions 

  Intervention Functions 
 
 
 
 
COM-B 
Components 

 Education Persuasion Incentivi-
sation 

Coercion Training Restriction Environmental 
Restructuring 

Modelling Enablement 

Physical 
Capability 

         

Psychological 
Capability 

         

Physical 
Opportunity 

         

Social 
Opportunity 

         

Reflective 
Motivation 

         

Automatic 
Motivation 

         

 

APEASE Criteria 

APEASE Criteria: Affordability, Practicality, Effectiveness and cost-effectiveness, Acceptability, Side-effects/safety, and Equity 

Candidate 
Intervention 
Functions 

Does the intervention function meet the APEASE criteria (affordability, 
practicability, effectiveness/cost-effectiveness, acceptability, side-effects/ 
safety, equity) in the context of using the system to select interventions? 

Education Yes, but need to be conscious of practicability in terms of how much time spent on education as physicians have limited 
time to spare 

Persuasion Not practicable in this context. / Not relevant 
Incentivisation Not effective as clinicians will not respond to it. Not acceptable by clinicians and Convergence Team  
Coercion Not effective as clinicians will not respond to it. Not acceptable by clinicians and Convergence Team 
Training Yes, but need to be conscious of practicability in terms of how much time spent on education as physicians have limited 

time to spare 
Restriction Not practicable as there is no ways to restrict in this context  
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Environmental 
Restructuring 

Yes 

Modelling Yes 
Enablement Yes 
Selected 
Functions 

Education, Training, Environmental Restructuring, Modelling, Enablement 

 

Link Between Intervention Functions & Policy Categories  

  Intervention Functions 

  Education Training Environmental 
Restructuring 

Modelling Enablement 

Communication/ 
Marketing 

     

Guidelines      

Fiscal measures      

Regulation 
(Policy, Protocol 
for this project) 

     

Legislation      

Environmental/ 
Social Planning 

     

Service 
Provision 

     

 

 

 

 

 

 

 

Po
lic

y 
Ca

te
go

rie
s 
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Identifying Appropriate Policy Categories 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intervention 
Functions 

COM-B Component Potentially useful policy 
categories 

Does the intervention function meet the APEASE criteria (affordability, 
practicability, effectiveness/cost-effectiveness, acceptability, side-effects/ 
safety, equity) in the context of using the system to select interventions? 

Education Psychological Capability 
 
Reflective Motivation 
 
Automatic Motivation 

Communication / Marketing Yes 
Guidelines Yes 
Fiscal Measures Not accepted by clinicians or Erasmus MC. Also, not affordable by Erasmus MC 
Regulation Yes, but in terms of practicability may not be implemented until later stages 
Legislation Not practicable in this context. 
Service Provision Yes, but need to be conscious of practicability in terms of how much time spent on 

education as physicians have limited time to spare 
Training Physical Capability 

 
Psychological Capability 

Communication / Marketing Yes 
Guidelines Yes 
Fiscal Measures Not accepted by clinicians or Erasmus MC. Also, not affordable by Erasmus MC 
Service Provision Yes, but need to be conscious of practicability in terms of how much time spent on 

education as physicians have limited time to spare 
Environmental 
Restructuring 

Physical Opportunity 
 
Social Opportunity 

Communication / Marketing Yes 
Legislation Not practicable in this context. 
Environmental / Social Planning Yes 

Modelling Social Opportunity 
 
Reflective Motivation 
 
Automatic Motivation 

Communication / Marketing Yes 
Environmental / Social Planning Yes 

Enablement Psychological Capability Environmental / Social Planning Yes 
Service Position Not practicable to have support service with immediate response, but is 

practicable to have support service that responds within a few days. 
Policy Category Selected Communication/marketing, Guidelines, Regulation, Environmental / Social Planning, Service Provision 

163



Identify Behaviour Change Techniques 

Intervention 
Functions 

COM-B 
Component 
served by 
intervention 
functions 

Policy categories 
through which BCTs 
can be delivered 

Intervention Strategy 
 

Mode of Delivery 

Education Psychological 
Capability 
 
Reflective 
Motivation 
 
Automatic 
Motivation 

Communication / 
Marketing 

Talking at monthly meetings and sending emails to get 
people to attend classes to learn about gait assessment 
and training on how to use the system 
 
Talking at monthly meetings to get people on board to 
use the system 
 

Over real time meeting 

Guidelines Manual / tutorial on how to use the system. Also include 
how to use it for specific scenarios (selecting 
interventions, tracking progress, etc.) 
 
Informational packet on what the parameters mean and 
how to interpret the visualizations 
 

Digital or physical copies. Can also be done 
through videos (in addition, not sole way of 
delivery) 
 
Guidelines can be explained in a meeting, if time 
allows 

Regulation Integrate system into protocol clinicians and physicians 
have to follow. For example, when selecting an orthosis, 
integrate having to use the system at the beginning of 
the selection process into the protocol. Or for inpatient 
rehabilitation, as part of the patient’s rehab protocol, 
every 2 weeks a test is conducted to track their process. 
 
Could also be integrated when departments are 
restructuring their protocols and processes / how they 
do things. 
 
Could also be part of the protocol that every new 
physiotherapist has to take part in a course to learn 
about gait assessment and how to use the system. 
 
In terms of practicability may not be implemented until 
later stages 
 

Explain changes to protocol in meeting 
 
Written protocol in digital or physical form 
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Service Provision Providing classes to educate clinicians on gait 
assessment, the benefits of the system,  and how and 
when to use the system. Need to be conscious of 
practicability in terms of how much time spent on 
education as physicians have limited time to spare 

Meetings in person or online in real time. 
 
Alternatively, to accommodate people’s 
schedules could be format of an online class with 
lectures, written documents, and assignments 
they complete to test their understanding. 

Training Physical Capability 
 
Psychological 
Capability 

Communication / 
Marketing 

Same as Education or See Education See Education 

Guidelines Same as Education See Education 
Service Provision Providing classes to show them  and have them practice 

how to use the entire system (attaching sensors, 
calibration, collecting data, etc.). Also to show them how 
to use the interface. Need to be conscious of 
practicability in terms of how much time spent on 
education as physicians have limited time to spare 
 

Preferably in person, real time meeting. 
 
Alternatively, to accommodate people’s 
schedules could be format of an online class with 
lectures and written documents. Then have to do 
an in person demonstration to a qualified person 
to prove they can operate the system. These 
tests could take place at a set time every month 
or be scheduled individually per person. 

Environmental 
Restructuring 

Physical 
Opportunity 
 
Social Opportunity 

Communication / 
Marketing 

Encourage clinicians to talk to each other about their 
experience using the system 
 

Talk about this about at a weekly or monthly 
meeting. 
Can also send reminders via email. 

Environmental / Social 
Planning 

Placing the system in such a location that is easy to 
access by all departments 
 
Social planning   As part of every weekly meeting 
every so often or as part of monthly meetings make it 
such that people using the system can share their 
experiences with the group 
 

During training show people where the system is 
located and how to access it.  
 
Take 5 minutes of every monthly meeting or 
every so often weekly meeting to have people 
share their experience.  

Modelling Social Opportunity 
 
Reflective 
Motivation 
 
Automatic 
Motivation 

Communication / 
Marketing 

Encourage clinicians to talk to each other about their 
experience using the system 
 
Start by recruiting a small number of clinicians to train 
and use the system. They can then serve as models 
when expand  

Talk about this about at a weekly or monthly 
meeting. 
Can also send reminders via email. 
 
Can publish a list of people who use the system 
and are willing to talk about it and then people 
can contact them for more info, 
 
Recruit via email and in person conversations. 
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Guidelines Provide examples of the added benefit of using the 
system 
 
Provide examples of how to use the system to evaluate 
orthosis 
 

Rather than talking about it, show examples 
through videos or written/graphic documents. 
 
Can be done through real time meetings or 
through videos/online lectures. 
 
Can also be done through a print or digital 
document. 
 

Environmental / Social 
Planning 

Social planning   as part of every weekly meeting 
every so often or as part of monthly meetings make it 
such that people using the system can share their 
experiences with the group 
 

Talk about this about at a weekly or monthly 
meeting. 
 
Can be done through a monthly email where 
updates on the system are shared and 
testimonials from clinicians are included 

Enablement Psychological 
Capability 

Environmental / Social 
Planning 

Make it easy to find out who to contact if they have a 
problem and for them to contact them to be easy 
 
Having a meeting once a month where clinicians can 
come and have their questions answered. Can also be 
done quickly at an already existing meeting or a non-
mandatory, open meeting that occurs for an hour every 
other week when anyone can join at anytime during that 
hour (like office hours). 
 

In manual include contact details of point person. 
In the interface include contract details of point 
person 
 
Have a form liked in the interface that they fill 
out if they have issues or have questions 
 
Questions can be answered  quickly at an already 
existing meeting or a non-mandatory, open 
meeting that occurs for an hour every other week 
when anyone can join at anytime during that 
hour (like office hours 

Service Position Help support/person / support services / point person 
that they can contact when they have a 
problem/difficulty using the system or interpreting the 
results. Not practicable to have support service with 
immediate response, but is practicable to have support 
service that responds within a few days. 

Contact support through email or phone (which is 
listed in the manual and interface) 
 
Fill out a form in the interface when have a 
question or problem. 
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Appendix II. Implementation - Interface 
Technology Implementation Plan
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Horizons Horizon 1: 2022
Horizon 2: 2023 Horizon 3: 2025 Horizon 4: 2028 Horizon 5: 2031

July - September 2021 October - December 2022

Operating Device Laptop Laptop Laptop & Desktop Laptop & Desktop Laptop, Desktop, Tablet Laptop, Desktop, Tablet, Phone

Technology Set 
Up

•	 Algorithms
•	 Xsens System
•	 Application

•	 Algorithms
•	 Xsens System
•	 Application
•	 Database

•	 Algorithms
•	 Xsens System
•	 Application
•	 Database

•	 Algorithms
•	 Xsens System
•	 Application
•	 Database
•	 Security
•	 Plugin

•	 Algorithms
•	 Xsens System
•	 Application
•	 Database
•	 Security
•	 Plugin
•	 Healthcare Records System

•	 Algorithms
•	 Xsens System
•	 Application
•	 Database
•	 Security
•	 Plugin
•	 Healthcare Records System
•	 Machine Learning

Interface 
Capabilities

•	 View End of Trial
•	 Can select parameter 

categories but not individual 
parameters

•	 View Avatar in fixed position

•	 Can select parameters & 
parameter categories

•	 Comparison with 2 Tests
•	 Workable Interface without 

aesthetics

•	 View Real Time & End of Trial
•	 Workable Interface with 

aesthetics
•	 Can change settings
•	 Comparison with 3 tests
•	 Rotate Avatar

•	 Track Patient Progress
•	 Secured login per user
•	 Can change settings
•	 Can print out report 
•	 Can send test file

•	 Separate interface for 
patients

•	 Can add tests to patient’s 
records

•	 Provide feedback to 
aid in interpretation for 
inexperienced clinicians

Data

•	 Data •	 Data •	 Data
•	 Standard Deviation
•	 Minimum & Maximum

•	 Data
•	 Standard Deviation
•	 Minimum & Maximum

•	 Data
•	 Standard Deviation
•	 Minimum & Maximum

•	 Data
•	 Standard Deviation
•	 Minimum & Maximum

Visualizations

•	 Average Horizontal Plot 
•	 Line graph of average over 

gait cycle

•	 Scatter Plots 
•	 Line graph of every step over gait 

cycle

•	 Line graph over time •	 No Change •	 No Change •	 No Change

Features

•	 Swing & Stance Phase Labels
•	 Avatar in fixed position

•	 Can turn on/off left, right, & 
normal

•	 Can rotate avatar
•	 Avatar progress displayed on 

graphs
•	 Zoom in/out of graphs

•	 Can print out report •	 Can leave notes on tests in 
interface

•	 Provides feedback to guide 
inexperienced clinician in 
identifying most pressing 
issues

Quantity of 
Technology

•	 1 Xsens System
•	 1 Computer to control Xsens 
•	 1 Computer to view interface 

results

•	 1 Xsens System
•	 1 Computer to control Xsens 
•	 Interface results can be viewed 

on 1 laptop per department

•	 2 Xsens System 
•	 1 Computer per department that 

can control Xsens
•	 Interface results can be viewed 

on any laptop

•	 5 Xsens Systems 
•	 2 computers per department 

that can control Xsens
•	 Interface results can be 

viewed on any laptop
•	 Interface results can be 

viewed on any tablet

•	 3 Xsens systems per location
•	 2 computers per department 

that can control Xsens
•	 Interface results can be 

viewed on any laptop
•	 Interface results can be 

viewed on any tablet

•	 3 Xsens systems per location
•	 2 computers per department 

that can control Xsens
•	 Interface results can be 

viewed on any laptop
•	 Interface results can be 

viewed on any tablet

Interface Technology
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Appendix JJ. Implementation - Financial 
Overview
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	Project Introduction: Spinal cord injury (SCI) occurs from compulsion, incision, or contusion of the spine. Common causes of SCI include traffic accidents, falls, and sports injuries. Patients with SCI suffer severe disability and complications. In doing so, multidisciplinary rehabilitation is critical to a patient's quality of life, of which physical therapy for walking plays a significant role (Nas et al., 2015).

A part of this physical therapy is gait training. To evaluate a patient's walking ability,  gait analysis is used. Through sensors attached to the patient and computer software, advanced biomechanical assessment on the patient's walking metrics can be obtained and a 3D schematic of the patient is created. Metrics measured by such systems include, but are not limited to,  joint angles, step length, stride length, speed, and balance (Muro-De-La-Herran, 2014). Gait analysis allows for a greater understanding of a patient's walking pattern. It also provides more detailed and exact information than can be obtained by just observing a patient. Using this information, clinicians can choose suitable treatment and exercises tailored to each patient (Patrick, 2003). 

Engineers at the Department of Rehabilitation Medicine of Erasmus MC have developed modular robotic devices that can be used during SCI rehabilitation. Through a series of gyroscopic actuators and sensors, the devices provide information on the patient's movement for gait analysis and allow clinicians to control the rotation of different parts of the body, depending on where the device is placed. 

With the development of these assistive devices, there is still a disconnect between the assistive devices and the clinicians and therapists being able to operate them. Since gait analysis requires advanced technical knowledge to interpret the data, it is currently not easily accessible by clinicians (Vallery & Ribbers, 2019). This project will focus on developing a user interface that allows clinicians and therapists to monitor and assess the patient's gait performance in an intuitive and accessible way. This project is in collaboration with the Department of Rehabilitation Medicine at Erasmus MC as part of "Clinicians Controlling Rehabilitation Technology."
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	Project Problem: The assistive devices developed by Erasmus MC have the technical capabilities to aid in the walking rehabilitation of SCI patients. However, the data provided by the devices on gait analysis is too complex and time-consuming for clinicians to interpret. The gate analysis data also contains extra information not relevant for clinicians (Vallery & Ribbers, 2019). 

The challenge to be tackled in this project is to bridge the gap between the capabilities of the assistive devices and their operation by clinicians. To do so, what metrics in the gate analysis are relevant to clinicians will be determined. A digital interface will then be developed to allow clinicians and therapists to view the patient's gait performance. The user interface will encourage clinicians to use the devices through being intuitive to use and requiring limited technical knowledge for operation. By clinicians being able to view and interpret the gait analysis data quickly, the interface will improve and speed up clinical decision making. Clinicians will also be able to use the data to recommend future treatments. 
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	Project Assignment in 3: The relevant metrics to include in the interface for gate analysis will be selected by conducting interviews with clinicians and therapists. An experiential prototype of the user interface will be developed that visualizes the patient’s gait performance.
	Project Assignment Elaboration: At the end of the project, a product,with a focus on interaction and experience design will be delivered. In doing so, visualizations of the digital interface will be completed, which will then be given to Erasmus MC to develop into an operational app. These visualizations will include how the clinicians see and interact with the patient’s gait performance data. In addition, how data is presented in a way that can be quickly used in clinical decisions.
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Through this project, I would like to further improve the competencies that I have developed through Advanced Concept Design and Advanced Embodiment Design on aesthetics, ergonomics, and technology. I would like to improve on my project management skills and on managing a team as well.

I want to broaden my competencies by learning more about human-centered design and developing user interfaces. With this, I want to gain knowledge on tools and methodologies for successful co-creation. I also want to become more well-versed in applying the Double Diamond Design Method in my design process. 
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