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DESIGNING

Simon and Schuster, New York, 1955
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We bear in mind that the object being worked on 1s going to be
ridden in, sat upon, looked at, talked into, activated, operated, or in
some other way used by people wndividually or en masse.

When the point of contact between the product and the people becomes
a point of friction, then the industrial designer has failed.

On the other hand if people are made safer, more comfortable, more
eager to purchase, more efficient—or just plain happier— by
contact with the product, then the designer has succeeded.

by HENRY DREYELISS
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Domain purpose

(to design for people, to improve system performance)

Domain values

(optimising safety, efficiency, effectiveness, inclusiveness,

satisfaction, flexibility)

Domain functions

(to inspire, inform, evaluate products and services)

Physical functions

(to understand, measure, describe)

Physical objects

(tools, methods, processes)

Evolution

Revolution
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We bear in mind that the object being worked on 1s going to be
ridden in, sat upon, looked at, talked into, activated, operated, or in
some other way used by people wndividually or en masse.

When the point of contact between the product and the people becomes
a point of friction, then the industrial designer has failed.

On the other hand if people are made safer, more comfortable, more

eager to purchase, more efficient—or just plain happier— by
contact with the product, then the designer has succeeded.

or service

by HENRY DREYELISS
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Domain values

(optimising safety, efficiency, effectiveness, inclusiveness,
satisfaction, flexibility)
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Physical objects

(tools, methods, processes)
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Small patient-focused Large hospital-based
device device
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Domain functions

(to inspire, inform, evaluate products and services)

Physical functions

(to understand, measure, describe)

Physical objects

(tools, methods, processes)
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Desi ons that are:

Inspired by
Informed by
Lvaluated against

An evidence base fram Human Factors methods
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DCA worked with Elekta on this project
between 2010 and 2012 creating an

evidence-base built from: HHHH

- 7 treatment sites visited worldwide H

- Over 90 hours of observation at
treatment centres (~360 treatment
sessions)

- 30 interviews with healthcare
professionals worldwide (fieldwork
and phone interviews)

- 23 interviews with Elekta internal
stakeholders from business, clinical
specialists, technical, complaints,
training, safety, regulatory and
marketing

- 2 tradeshow visits

Confidential - NLHF_00-03.pptx 22
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Field work

Observing approximately
360 treatments across
seven treatments sights.

After-hours interviews and
walkthroughs.

Two researchers following
the workflow in the
treatment room and the
control room.
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Latent needs
Access to information at the point of use
Pressure on throughput

Manual handling
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Hierarchical task analysis (HTA)

Identify the patient Set up the machine
and relate them to to receive the patient,
the schedule add setup aids

4.1 4.3

Configure setup aids,
position the patient

4.5

Patient set

Patient Machine

registration |l preparation

Adjust the position of
the patient, retract
panels (if required)

4.7

Prepare for
beam

(9Elekta

Remove
immobilisation
devises, help patient

4.9

Unload
patient

i

[0

BEEE

ot

4.2

Manage Patient

patient

Explain the treatment
process

loading

Sit the patient on
PSS and lay them
down

[
AEHE

4.6 4.8
Verification Beam on

Imaging
Image the patient (if Treat patient
required)

[

4.10
Clean up

Wipe down machine,
reset ready for next
patient
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Critical path analysis (PERT charts)

This chart shows average task completion times
broken down by stages (as described in the HTA)

Average duration {seconds)
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4.1-Patient registration
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4.5 -Patient zet-up

of 9 9

4.2 -Manage patient
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4.3 -Machine Preparation
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4 4-Patient loading
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4.6-lmaging
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4.7 - Prepare for beam delivery

k
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391 345|735 735] 72| so7
4. 8-Beamaon > 4.9 -Unload patient
391, o] 735 735  of so7
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4 10-Cleanup
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Link analysis
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9
. m
Control room Benchmarked system
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Link analysis
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c...:, Benchmarked system Potential

Confidential - NLHF_00-03.pptx 31



DCA

Time
User taken by
Deviations  Performance  ¢yptask  Distance
from moved
prescribed Ne of
process movements
made

Completeness

s Frequency

of interaction

Effectiveness Efficiency -

Ne of recovery
alternate
procedures
available

N2 of possible
errors

Deviation from

Ne of technical SySte m set procedures

options for
completing the " |
same task Performance =t
Resilience to Probability of
component errors
failure or

Ne
of unsafe
acts

unavailability

Satisfaction Inclusiveness

Sensorial
compatibility

Operator
satisfaction

Client Cognitive
satisfaction compatibility

e Physical

stakeholder e
satisfaction compatibility



DCA

1: Neck Position 6: Upper Arm Position
® o o © o 0
1420 20°s in extareion b +2 4] H
+1 +2 ~. - £ +1 {4
N 3 \ s )
iy D | W
() { 3 +2 / \ o
I\I I '\II r I\I r | [w] shoulder is raised
[IMedk twisted [upper arm is abducted
[w] Medk side bending ] Arm is supported or leaning
2: Locate Trunk Position Step 7: Lower Arm Position

® o © O o © () 4 5 LR
S W S € IRt

i g 1
“ipDA0D |
._( .“O

| N K (

[ trunk twisted

\I \ \'
|
Trunk side bendin \ | |
] g
3: Legs Step 8: Wrist Position
Bilateral Unilateral ® © O
(o) Ll L ® O
\ o AL ARR! \E it
\ )\ \
\ | \ v \ { \ ——
Iy 1) ) osnse )y k0 b +1 . 4}
N f ) i Iy { / y - = 4
) A / | ./ o/ "% ¢
(g = (=s0e [/ addel [ aun
— = L = S [Iwirist bent from midline or twisted
4: Add ForcelLoad Score Step 9: Activity Score
3 |if Load « Skgs: +1 [1 1 or more body parts are held longer than a minute (static)
(3 |ifLoadis Sto 10kgs +0 [w]Repeated small range actions (more than 4x per minute)
® [If lnad >10kg +1 [] Action causes rapid large change in posture
[JRapid shock or build up of force
5: Add Coupling Score Score  Risk Level Action
O Good: Well fitted handles and mid range power grip 1 Negligable |Mone ¥
@ Fair: Acceptable but not ideal hold or coupling 2-3 Low ay be necessary
acceptable with another body part 47 Medium Mecessary
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Step 9: Activity Score

4: Add Forcel/Load Score

[1 1 or more body parts are held longer than a minute (static)

Repeated small range actions {more than 4x per minute)

[ Action causes rapid large change in posture
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95™ percentile British 95" percentile British
man (19-65 years) man (19-65 years)

S

5™ percentile British 5" percentile British
woman (19-65 years) ~ woman (19-65 years)

1855
1855

[Synergy — Hexapod Evo

1505
1505
1535

Synergy - Standard

825
1215
930
Isocenter 1240
1180

660
650
762

450

All dimensions in mm, based upon Pheasant & Haslegrave (2006) Table 10.1, without shoes All dimensions in mm, based upon Pheasant & Haslegrave (2006) Table 10.1, without shoes
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e rro r Threats Preventative barriers Top event Recovery measures Consequences
Interlock to
TH18: Equipment set prevent | | Automate
. up in wrong order operationin [ | common setup Correct
| I I e C a | S | | I S e covpme
Pause
equipment | Fail to correct -
poty il €Qo1: Collsion
~damage to
equipment
Detect
TH19: Object left in Remove al Remove impac
room in i | efore Treatment
< treatment " a €Qo1: Collision
path equipment for equipment not pauser S
equipment
Patient
clear of .| Faitto detect
equipment | impact before i
e o €Qo1: Collsion
- damage to
= — equipment
TH20: PSS in position
that could collide with Prevent the system from
d restarting without the therapist
linac confirming adjustment
Simulate Correct
movement equipment
before
start up Pause
Fail t t
eaupment e e | caot: colision | caoa: calision
Lequpment = mage to i
Automatic ~CHINEES
H | .
TI-IIZS Staff select retrieval of equipment
incorrect plan plan Detect
| impact
| e
Patientin [ om0 reatment €Qot: Collision | €Q02: Collision
equipment P damageto | -injuryto
ith i
Maximise ‘bore" of equipment = Automate post- saement i
Minimise the use of setups which Fail to detect colision detection
- approach equipment ‘bore’
TH21: Patient Ensure patient ""(‘:Z;:r:::;“ €Qo1: Collision | cQo2: Collision
overhanging PSS in setups remain - damage to - injury to
Jinac path within margins Automate pre-collision ueer/ e s
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Threats
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Preventative barriers

TH18: Equipment set
up in wrong order

Interlock to
prevent
operation in
wrong order

Automate
common setup

Top event

Recovery measures

Consequences

CQO5: Process

TH19: Object left in Remove all Remove
room in equipment unnecessary —{ requirement
path equipment for equipment
TH20: PSS in position
that could collide with
linac
Simulate
movement
before
start up
TH25: Staff select Automatic
X retrieval of —
incorrect plan plan

TH21: Patient
overhanging PSS in
linac path

Ensure patient

setups remain
within margins

Correct delay
equipment
Pause )
equipment | Fail to correct €QO1: Collision
equipment ) da;nage -
equipment
Detect
impact
before Treatment -
treatment not paused C?S;;n(s;lgst':n
equipment
Patient
clear of Fail to detect
equipment | impact before €Qo1: Collision
treatment e
E4: Planned ey
equipment —
movement Preyent t_he system from _
: restarting without the therapist
results in a confirming adjustment
collision CQO5: Process
Correct delay
equipment
Pause
i Fail to correct
equipment equipment €Qo1: Collision | cQo2: Collision
- damage to - injury to
equipment human
Detect
impact
before Treatment . .
treatment not paused c?g;;n?;l!st'gn CO‘_oizn'jE;”,';)'on
A equipment human
Maximise ‘bore’ of equipment o I:J.t(.)ma(tje pos_t—
Minimise the use of setups which Fail to detect collision detection
approach equipment bore” | impact before €Qo1: Collision | cao2: collision
treatment - damage to - injury to
Automate pre-collision detection —— equipment human
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FRAM

TIME available: This can
be a constraint but can
also be considered as a

special kind of resource.

INPUT: That which is
used or transformed
to produce the
output. Constitutes
the link to previous
functions.

PRECONDITION:
System conditions
that must be fulfilled
before a function can

be carried out.

ID verification

Equipment

T C T optimised for
patient loading
Description of
treatment position 44 _ Orientate
4.1 - Establish | patient ready for o
| - (0]
patient ID tu'rr'wu-r
positioning
Means of identifying patient T c Patient relaxed &
Means of identifying records compliant
P Description of
P R treatment position
4.5 - Position
Patient on | patient tumour o
database for treatment
T C
Plan verification Patient in
. Description of
approximate
it planned
T C position treatment
4.7 - Configure
| machine for 0o
beam delivery |
Description®
| 3-Plan ) of plan
treatment modification
Scan images P R
Medical records
P R
Verification Patient relaxed,
of tumour remains still &
T site C free from
equipment
Patient still & free Description strike
EXPQ_CtEd from equipment of planned
Ic:atlon of strike treatment
umevs 4.6 - Verify the 4.8 - Deliver
CONTROL: That which precise location | planned (0]
supervises or of the tumour treatment
adjusts a function. Can be Description
- of plan
plans, procedures, guidelines modification
or other functions.
Patient in
T C correct setup P R
position
OUTPUT: That Patient in correct
ich i setup position Equipment
pr(\;vdhl,llil'e‘(;sby T C configured
correctly
function. 4.3 - Configure T c
Ctonst;)tute ||r1kts Description of | machine for 0
0 subsequen i
functioqns equc:lguﬂﬂenurrgtei::em USatent
) 8 Monitor patient
! and process ®
RESOURCE: That which ) ) 4.9 - Remove
is needed or consumed P"ev'ousdpa“e”‘ 2 . CCTV footage | patient from
by function to process ¢ eacr‘:;'nergom treatment room
input (e.g., matter, Treatment
P R complete
P

energy, hardware,
software, manpower).

(9Elekta

Patient name
& background

©
Patient

behaviour

4.2 - Relax and °
reassure patient

4.10 - Clean
room

Treatment
complete
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FRAM

Scan imag

1D verification

T C

Patient
ID

Means of identifying patient
Means of identifying records

Patient on
database

Equipment
optimised for
patient loading

T C

Description of
treatment position

4.4 - Orientate

| patient ready for )
tumour
positioning
T C Patient relaxed &
compliant
P R Description of
treatment position
4.5 - Position
| patient tumour (o]

for treatment

Medical records

CONTROL: That which
supervises or
adjusts a function. Can be
plans, procedures, guidelines
or other functions.

TIME available: This can
be a constraint but can
also be considered as a
special kind of resource.

OUTPUT: That

INPUT: That which is .
which is
used or transformed
produced by
to produce the R
function.

output. Constitutes
the link to previous
functions.

Constitute links
to subsequent
functions.

RESOURCE: That which
is needed or consumed
by function to process
input (e.g., matter,
energy, hardware,
software, manpower).

PRECONDITION:
System conditions
that must be fulfilled
before a function can
be carried out.

T C
Plan verification Patientin Description of
approximate P
ition planned
T C post treatment
/ 4.7 - Configure
| machine for o

/ beam delivery

Description'

of plan
a n (0] modification
s P R
P R
Verification Patient relaxed,
T of tumour c remains still &
site free from
equipment
Patient still & free Description strike
Expected i
from equipment of planned
location of strike treatment
4.6 - Verify the 4.8 - Deliver
precise location | planned [0}
of the tumour treatment
Description
of plan
modification
Patient in
P
T correct setup
position
Patient in correct
setup position Equipment
T C configured
correctly
4.3 - Configure T C
Description of | machine for (0]
equipment needed, treatment
figurati - :
configuration Monitor patient o

Previous patient
clear and room P
cleaned

and process

CCTV footage

4.9 - Remove
| patient from
treatment room

Treatment
complete

(9Elekta

Patient name
& background

C

Patient

behaviour

4.2 - Relax and
reassure patient

Treatment
complete

4.10 - Clean
room



DCA (OElekta

1 2 3 4 S.

What When Where Who How

information is it needs to be it should be it should be in what
required? displayed? displayed? displayed to? format?
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Decision ladders 064 Who is the patient?

032 Does the patient have special medical needs?
042 Does the patient have any special cultural religious needs?
066 Is the patient a child?
3 6 067 What is the cancer type?

. . Evaluate 068 How should the patient be positioned (posture)?

information elements could be of use when performance 008 What is the weight (size)of the patient?
009 What is the height of the patient?
015 Does the patient have physical needs?
Options 016 Does the patient have mental needs?
069 Is the patient comfortable?
070 Is the patient relaxed?

Clle 071 Is the patient cooperative?
e enses 072 Is the patient sensitive to modesty?
052 What are the patients set up instructions?
055 What equipment is already out?
057 How many staff are available?
058 Is technical support available?
060 Where is the PSS table?
Diagnose state Definition of task 073 What are the PSS table limits?
061 Where is the hexapod?
074 What are the hexapod limits?
Infor- 062 Where is the gantry?
mation 063 Which imaging panels are deployed?
065 Where is the patient in relation to the PSS?
Obsenve o 075 What auxiliar_y equipment is in t_he ro_om? - _
information & data pgc':’;%r‘; 053 Does the patient have personalised immobilisation devices?
054 Does the patient have personalised accessories?
076 What immobilisation aids are required?
077 What immobilisation aids are in place?
078 Which set up aids are required?
079 Which set up aids are in place?
080 Which head applicator is required?

081 Which head applicator is in place?
082 What is the equipment’s movement path?
Confidential - NLHF_00-03.pptx 051 Are the room and equipment clean?

setting up the patient
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Control room information

Evaluate
performance

ALOO1 —Patient arrives

Predict
consequences

Diagnose state Definition of task

AL012 - Equipment alarm -

Observe

5 Planning of
information & data

procedure

Main user — running machine

Second user — verification, liaison, scheduling, patient management
Activation Execuie

Green — Typically required at the current stage

Amber — Could be required at the current stage (may be hidden)
Red — Not required at the current stage

Yellow — Alerts to be displayed as required

Confidential - NLHF_00-03.pptx 46
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Mr Andrew Greenwood
Date of Birth: 24/09/1965
Treament: Brain
1D number: JR 02 7308 A

L 00000000D000000
Treatment 21 of 36

Patient requires follow up appointment with
Oncologist after this treatment

O Radio 4

Ocean blue ambiance

i)

Bore image 1

Bore image 2

Mr Andrew Greenwood
Date of Birth: 24/09/1965

Treament: Brain

D number: JR 02 73 08 A

~

Scan

<

28] 292

HCPs
Physisls

Destors

Porters
Maintenance

12:20

14:10

14:50

15:30

16:10

16:50

S. Smith

P Flannel

S. Wood

C. Jones

T. Head

K. Street

J. Kirk.

Mr Paul Flannel Ambi
Date of Birth: 19/07/1954

Personal iPad
Treament: Abdomen sreonal g
D number: JR 05 52 06 C

Ocean blue amblance

L 00000000C00000a000

Trealment 18 of 36

Patient requires a wheelchair to get to the treatment
room
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The vision
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Domain purpose

(to design for people, to improve system performance)
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Domain purpose

(to design for people, to improve system performance)

Domain values

(optimising safety, efficiency, effectiveness, inclusiveness,
satisfaction, flexibility)
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Domain purpose

(to design for people, to improve system performance)

Domain values

(optimising safety, efficiency, effectiveness, inclusiveness,
satisfaction, flexibility)

Domain functions

(to inspire, inform, evaluate products and services)
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Domain purpose

(to design for people, to improve system performance)

Domain values

(optimising safety, efficiency, effectiveness, inclusiveness,
satisfaction, flexibility)

Domain functions

(to inspire, inform, evaluate products and services)

Physical functions

(to understand, measure, describe)




Domain purpose

(to design for people, to improve system performance)

Domain values

(optimising safety, efficiency, effectiveness, inclusiveness,

satisfaction, flexibility)

Domain functions

(to inspire, inform, evaluate products and services)

Physical functions

(to understand, measure, describe)

Physical objects

(tools, methods, processes)

Evolution

Revolution
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« Common tools
e Additional tools
« Systems based tools

$619P B 4>
(\(5\)\. olG°N S

Interviews

Observations

Self reporting

sechnical inp,,

0 )
“type g user 1€

User testing

Document analysis

Internet searches

Trade shows

== N Hierarchical
Heuristic analysis task analysi
Workflow analysis
|
S —
5 e ]
S —
: Human error identification
Link analysis
Workload
analysis
%
%6
S p
w
9 B PCA assessment;
%) =
® > ]
] [
=) —
£ ——
=
3
§ Human reliability analysis Critical path analysis )

Abstraction hierarchy

>

Contextual activity
templates n

Data matrices

Decision matrices

Decision ladders
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