Human-centric (Self-Adaptive) Software
Engineering

ARC Laureate Professor John Grundy

SEAMS Keynote
May 2023

https:/lwww.monash.edu/it/humanise-lab

}“\‘ i }“‘:‘1\“ | ‘*
R

| HimaniSE Lab

Human-centric Software Engineering Lab

CREATING SOFTWARE FOR THE
DIVERSE HUMAN COMMUNITY




Acknowledgement of Country

As we gather for this meeting physically dispersed and virtually constructed
let us take a moment to reflect the meaning of place and doing so recognise
the various traditional lands on which we do our business today.

We acknowledge the Elders — past, present and emerging of all the land we
work and live on and their Ancestral Spirits with gratitude and respect.

| acknowledge the people of the Kulin nations, the traditional owners of the
land on which | am meeting with you from today.
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Our early adaptive Uls work

Our early adaptive collaboration work

Our more recent adaptive Uls work

Our more recent end user adaptive work

Future directions

https://www.monash.edu/it/humanise-lab

UUUUU



One size fits all in Software Engineering

Gender bias — Uls, seat belts, health apps

Ethnic bias — over-recommend minorities for
search, don’t recognize faces, mis-classify

Culture bias — inappropriate words, phrases,
colours, icons, workflow

Language bias — over-technical, wrong dialect,
impersonal

Age bias — too complex, too simple, inappropriate
words, symbols, workflow

https://www.monash.edu/it/humanise-lab




More one-size-fits-all...

Physical challenge bias — guesture, sound, sight,
voice inappropriate

Cognitive challenge bias — raise anxiety, poor fit
mental model, doesn’t support neuro-atypi a
Enjoyment bias — boring, unenq 1EAM

Emotional bias — stre \‘ XO _ing,

frightening p
Per Ap.\u , lack of t,
; A\\ ca‘\ iow, lack of engagemen

Ard... many others :~(
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Developers as (diverse) humans...

NOT the focus of this talk - but we have a bunch of projects on too :-)

BUT - developers usually VERY different to their stakeholders and software
end users:

-high education level ; high use of jargon ; mostly male

-mostly highly English-proficient; mostly 20s and 30s; high socio-economic
group

-interestingly much higher proportion are neuroatypical than general
population...

Developers struggle to understand end users different to themselves

DEVELOPERS BUILD ONE-SIZE-FITS-ALL - THEIR SIZE :-) -
SOLUTIONS...

ORI https://www.monash.edu/itthumanise-lab
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Motivating Example...

Performance Metrics

Model-driven, end user
approach
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] vities L f
' A& .Glulcosrf Measure Appou"ltm.ent ‘ DIp ‘:‘o“ Or
]| = e e |l £ a0 S
>E E;t:r Glucose Sugar me AD A§ap“\ve ‘oo an®
o

- bo\l‘ S o“‘a - | Fails to take account of

AR E e \O ageing patient, gender,

I ate a salad for lunch along with a fruit
smoothie,
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Problem 1 - people use different devices

A http://dellcpi:8100/process.jsp - Microsoft Internet Explorer | =101 x|
|| Bl Edt Vew Favortes Toos Hep || <aBack + = - @ (2] 4} | @search =
‘_JAt_ktess [ hetp:/1delicpiza00/process.jsp Zl @
We became interested in the issue of Patient Information 1
supporting people accessing web pages ot Y
across multiple devices around 1999-2000 | & it B kD)
when mobile devices with screens first i USER LOGIN
appeared (in NZ anyway) e -
We built several web and mobile interfaces | s el
to access same system s
Lots of similarities - but lots of differences — =
too... ;g_m::u"\"'é'va
Status:|SEAB) _
Question - can we run-time adapt a single ovtons’
application to serve Uls for diverse devices [gmcmomons o 2nnezvis
- addresses end user issues of device type,  ianemen ¥ —
screen size, mobility, ... Setect
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Solution - multi-device adaptation @ run-time

Adaptive User
Interface Technology
(AUIT)

Augmented Java
Server Pages with
various tags

Run time
pre-processing to
generate
device-specific Ul
Served to different
devices (HTTP, WAP,
etc)

Can do size, layout,
colour, complexity
adaptations...

6. Closing screen
tag assembles
output text &

returns to device

Display Device
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Problem 2 - people want to collaborate

We had been building modelling tools
for many years (since 1990...11)

People want to collaboratively model

We custom-built collaborative modelling
support for each tool

People also want to e.g. collaborative
travel plan, find and discuss
information, document edit, present,

Can we use the same set of
collaborative work components across
multiple, diverse applications?

https://www.monash.edu/itthumanise-lab
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Solution 2 - (run time) plug-in adaptive components

b mmm——————

- Itinerary process - high level = =1ofxf
Developed a set of o
plug-ins can be run-time | . T
added to tools, web ®
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Problem 3 - hard to do run-time plug-ins

Nice, but...

Plug-ins have to be implemented to “know” about application Ul and
framework adaptation points

Applications have to be implemented to support these extensions
Applications have to “know” about possible plug-ins

Plug-ins need a lot of knowledge about application data management,
communications, components, Ul elements...

Can we abstract away from this to support “emergent” adaptive
applications?

https://www.monash.edu/itthumanise-lab
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Solution 3 - “aspect-oriented” plug-ins

Collabor ation Current (

“AspeCtS” - A
advertising 1= EI— REE

: lMark: Look at the changed travel itinerary now - is this any good? <—

. H “Aad i
provides/required  cotsborstivch S=E
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Renary for: - -
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mark: Hi John. ¥What changes are needed to your itinerary?
. - extet ftem: |Auckland City john: Can we change the departure time for Sydney?
All application Note Tt . T
ant to leave Auckland between Bam and 12.30pr <itineran ged==: 20/11/2000 Sydney-=Melbourne
john: Can we make it a hit lpss
components 1
0. CIGChatMessage: john: Hi Mark
. 1. CIGChatMessage: mark: Hi John. What chi
adve rtlse | 2. CIGChatMessage: john: Can we change th
3. CIGChatMessage: mark: How about 6am?
P

<<User interfacc

+ window frame
KIND=frame
DEFAULT _IN
CAN_DISABL

+ tree editor
KIND=tree
EDITABLE=tr
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KIND=messag
EDITABLE=fz
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KIND=menu b
EXTENSIBLE Shape: IJCDirecledArc 'l I_ Debug Propagation Display Shapes |
EXTENDS_BY

add menu item
- property sheet editor

5. CIGChatMessage: john: Canwe makeita|

All Ul/collaborative
work plug-ins look
for & use

<] |
Undo Redo Export
Delete Deselect Close

0]
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configurable

L
[
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Problem 4 - people want “human-centred” modelling tools
Continuing our modelling tool work, we wanted to support (generically) a
variety of “human centric” modelling tool features
-sketch-based input of diagrams
-collaborative editing, model sharing, version control
-multiple device - desktop, web, mobile - editing
-per-user modelling constraints
Wanted to do this via plug-in, run-time configurable way...

https://www.monash.edu/it/humanise-lab




Solution 4 - plug-in sketch, web/mobile, collaborate, reconfigure constraints components...

Plug-in sketching
components

Plug-in web, mobile
editing components

Plug-in collaborative
editing components

Plug-in sharing
components

Plug-in Ul adaptation,
architecture adaptation

Extensible constraints

File Edt View Favorites Tools Help

| !

Lddress [ @] hep:{flocaihost 2080 PounamuwebAppicontre

Lj Display Pounamnu Q
E Men B
T PounamuView diagran
X e left menu button to edit
| Proje
K
d Mod oje
e .
=
-
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|
s o getSubPages
—
o] / subPages
‘ . oD SubPages
' e —
fraastaro
‘ updateStafi)
name | value
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Problem 5 - users want their own e.g. custom data visualisations

Developers are different to (most) of their end users
Developers take a long time to make needed changes (if at all)
End users are domain experts

Example: visualising complex data

Most end user tools have various limitations/constraints

https://www.monash.edu/it/humanise-lab
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Solution 5 - let them build, generate their own

Visuakser | Mapper | Skin Designer |

CONVeRT end user e T : T

Source Visualisation R

development tool ——

(“no code” env) { — / ‘
—_ - . e | S ,ﬂ;\

Figurative Map of o annmdnmmnmcuwmzuan \ 7 ) My Company Records
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Problem 6 - Users have different usability challenges

Users are different

Users have different accessibility, inclusivity, device, location, cultural,
language, ... needs

Once size fits all software doesn'’t help...

Device-level adaptations e.g. font size, zooming, colour maps too crude to
assist a lot of the time

|deally want screen element-level adaptations

|deally want run-time, user-controlled, Al-assisted adaptation/adaptive
software...

https://www.monash.edu/it/humanise-lab




Solution 6 - give them adaptive Uls

We built bunch of

Ad a ptive Rea Ct a n d Monash Campus Center

Flutter components

Like the earlier
AUIT ones for
devices - but
focused on
accessibility
adaptations

Adaptive SVG for
floor plans

Controls [« [r[v[>[+[-[9]

https://www.monash.edu/itthumanise-lab
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Problem 7 - users have different perceptions of software problems

End users are different
“Defects are in the eye of the beholder”

Some “defects” severely impact some end users, not a defect at all for
others

Developers different to many of their end users ; find it hard to appreciate,
understand, fix some such defects

Defect reporting tools themselves are... not very human-centric :-)

https://www.monash.edu/it/humanise-lab




Solution 7 - give them “human-centred” defect reporting

“‘Human-Centric
defect reporting”

Different users
report defects
THEY perceive

Guided reporting
form

Adaptive
reporting form
(its
human-centred
reporting itself!)

BACK

Report a

QIWIE|R|T

A|S|D|F

«Z|X|C

123

Bl How often do you encounter this

ORG a—— [
(oo )
Report a bug Report a bug
- % 0%
Summary 0 Summary
|
Description DeSCI'IptIOH
Additional Information o Addlt'onal
Information
How often do you use this app? {-'h(l);va%fg?)n do you Use

Rarely Sometimes Frequently

How often do you
issue? encounter this issue?

ometimes Frequently
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Report a bug
0%

Summary
Description

Additional Information

How often do you use this app?

How often do you encounter this
issue?
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Problem 8 - users want multiple-size-fits-them solutions

Name: Elizabeth Craw
Age: 68
Occupation: Retired — «ilp— = = °

Different users have very different
needs

Family: Married, 2 kids, 1 granddaughter

Location: Clayton

E.g. 'smart parking’ - consider retired
person vs person with multiple jobs vs
person with young children for care
drop off/pick up vs salesperson vs ... pspanics

Occupation: Retired “«-—----- Demographics

Family: Married, 2 kids, 1 granddaughter

o=

Location: Clayton

Almost all parking apps we reviewed -

.
®  Being able to find 2 parking spot easily even during peak hours

H H Be able to being her husband to the hospital every week -—-——== Key goa Is
SuU O Singie wav O N a or car e sttt use s phane ard poring eppiesons despt hervislon ses
®  Beable to reserve and pay for a parking spot on her phone before reaching her destination

Elizabeth recently retired from working as a counter attendant at Coles in Caulfield. Her two sons
Iive in Melbourne city and she loves to go and visit them every weekend to spend some time with

them and her grandchild. She loves travelling to other countries but has been unable to in in the past
R two years as her husband has fallen sick and she has been taking care of him
-

Elizabeth suffers from protanopia (colour-blindness red weakness) and now from a bit of vision =

impairment but that has not discouraged her from learning to drive since she was young. She loves Key human aspect
to be able to move around the city and thus being able to drive was very important for her as she . .

also needs to bring her husband to doctor visits every now and then. However, it has always been a considerations

struggle for her to find a parking when she goes to the city especially during busy hours.

With the rise in technology use in the past decade, her sons have gifted her a smartphone on her

65" birthday. She is a quick learner and has found out how useful a smartphone can be for her. She

has tried multipie applications to help her drive around and find a parking spot when needed but

none of them had ail the functionabities and the support for vision impaired / colour-blind people as e

she wanted. She once even got fined when using one of those parking applications even though she Kev fi .

i nothing wrong, 35 she misinterpreted 3 ‘0’ for an ‘0" n the parking 3ppication when registering ey frustrations
her vehicle's plate number for parking.

https://www.monash.edu/it/humanise-lab v Gocrmen 22

Australian Re h Co il
ustralian Research Council HUMANISE




Solution 8 - give them more “human-centred” developed solutions

Model diverse users with rich
personas

Model super-set of user
stories

Model set of accessibility etc
constraints

Implement parking app that
allows (i) multiple ways to
find, book, pay, etc parks and
(ii) accessibility, language,
culture etc adaptations

All at run-time, user profiles

< Park Details

https://www.monash.edu/itthumanise-lab

change font
’
|2
\
Multiple ways to
¢ find, book

Off Street Parkirﬁl
WestOne ~ (V)
Clayton, Melbourne
+1.53km $2/hr % /
ADDRESS 2

3 Alliance Ln, Clayton g
VIC 3800 7

SW1 Carpark

OPERATION
Open 24 Hours (4) West One

)
ﬁ .
NeXt Off Street Parking

o
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Problem 9 - users want smart buildings BUT with informed consent re: data

Smart buildings becoming very common, popular

Wide range of ‘smart’ devices capturing all maner of data e.g. doors, lights,
heating, AV, ...

But - what data is captured? What done with it?
Users have little/no control over...

https://www.monash.edu/it/humanise-lab




. .
SOIUtlon 9 - Iet them spec‘fy (1) Triggering a mobile application command (2.1) The ‘Smart Door Lock BG11 switch’ has changed remotely

1.Mobile Ap (e.g. Lock the smart door of BG11 room) and the live status is updated on the dashboard as ‘locked’

Ground Floor Ac

Model-driven
informed consent
system

Smart Door Lock BG10 Status

Smart Door Lock BG11 Status Locked

T ——
personal data could be compromised andyou
could be tracked or profiled

Ignore Accept

% ight B
“ 1] ioht B Your ipAddress has been Collected 27 times
within 2021-02-21 to 2021-02-28 If you don't
Uses “nudages” to tell L
hB your personal data could be compromised andyou

could be tracked or profiled

users when about to |
capture data, S
permission to
capture, store,

Ignore

Accept
L3

R0 Zim Y

BG10 - Postdocs

Your approximatelLocation has been Collected 27
times within 2021-02-21 to 2021-02-28 If you
don't disable your Location Service privacy
settings, your personal data could be
compromised andyou could be tracked or profiled

Ignore z . A ~
(3) The accept option redirects users to change their privacy
settings (Always/While using the app/Never)

Your deviceToken has been processed 27 times
within 2021-02-21 to 2021-02-28 If you don't

disable your Device Service privacy settings, . o = _—
u S e your personal data could be compromised andyou Privacy < Priva Location Services 7 g 5
- could be tracked or profiled e d
o : Location Services Location Services
na £ Ignore Accept L * |
Tracking Location Alerts

My HumaniSE lab
used as case study
example... :-)

‘ -
-
]

u
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Problem 10 - human-centric application adapting / fixing is hard

Doing a lot of these run-time adaptations is hard... :-)

Want to

-add adaptivity to range of applications

-for range of diverse end user challenges

-automatically adapt to user profile/needs/preferences where can
-automatically ask if they need help

-use model-driven approaches to ease engineering

-get better feedback to developers

https://www.monash.edu/it/humanise-lab
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Solution 10 - Better RE/MDE/AI/ML to assist more human-centred, self-adaptive software...

Some of our current work:

-RE for ageing users via co-design, living labs - what do diff users need?
-Exploring MDE for adaptive Uls - ageing users, users with chronic disease
-Generating personas, using personas to automatically adapt Uls

-Detecting user difficulty with Ul/application ; automatically adapting to try and help ; use
problem solving dialogue with app to try and help

-Dialogue-driven adaptation of app (ChatGPT-style :-))

-Automated detection of “values violations” in apps to adaptively fix
-Automated internationalisation of apps - multi-language support
-Automated “inclusivity” adaptations of apps - Ul and workflow
-Automated detection of e.g. “bad” ads in apps and automated block
-Automated detection of platform compatibility problems and patching ’ -

https://www.monash.edu/it/humanise-lab




Some remaining challenges

How support the (very) wide range of diverse users - can it even be done in
a single “adaptive” application

What about when addressing one set of user’s needs/requirements conflicts
with another - need multiple apps after all??

How effectively model / generate (very) wide set of potential adaptations

Enabling Al-based adaptation - if have dialogue, how ‘know’ the underlying
model that is built up (especially when it goes wrong)

Helping developers understand, appreciate feedback and address

Values-driven software engineering - fairness, privacy, honesty,
transparency, etc - how ensure trustworthy software if can auto-adapt in
ways end users (and developers!) can’t track, understand

https://www.monash.edu/itthumanise-lab




Summary

End users are different (and often different to most developers!)

Adaptive applications can help ensure address diverse end user needs,
challenges, preferences vs one-size-fits-all apps

Lots of human-centric adaptations are needed, some harder than others

Emergent requirements/unexpected end user needs/challenges are
particularly hard to address

Co-design, Model-driven engineering, adaptive architectures/Uls useful

TBD how Al/ML-based adaptation support can help (or hinder) e.g. “Make
my Ul meet my accessibility needs, add collaboration support, ...”

There are many unsolved challenges in this area to work on :-)

https://www.monash.edu/itthumanise-lab
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