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O Why7

1 Increase productivity

- How?

1 Minimizing the accidental complexity
= Bridging the gap between problem and solution domain
s Empowering domain users to work at the right
abstraction level, with the most adequate formalism
= Minimizing the errors by constraining the design space
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On this one, our break-even point
is just 4 products away...
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(b) Case Study 1I: fish farm AS

FACULDADE DE
NOVALINCS F CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



Break-even point = 87
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Technical cost drivers

- Domain engineering
- Application engineering

Non-technical cost drivers

- Organization
- Social
- Ownership
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Outputs “HELLO WORLD”

Character

Meaning

increment the data pointer (to point to the next cell to the right).

decrement the data pointer (to point to the next cell to the left).

+ increment (increase by one) the byte at the data pointer.
- decrement (decrease by one) the byte at the data pointer.
output the byte at the data pointer.
5 accept one byte of input, storing its value in the byte at the data pointer.
[ if the byte at the data pointer is zero, then instead of moving the instruction pointer forward to the next command, jump it forward to the command after the matching ] command.
] if the byte at the data pointer is nonzero, then instead of moving the instruction pointer forward to the next command, jump it back to the command after the matching [ command.
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- The remainder of this discussion should be
placed in a context where the usability of a DSL

and its impact on the productivity of its users
are considered relevant

- No free lunch - engineering usability into your
DSL requires an investment; make sure it will be
returned, in the long run!



v
v
w

5 You are developing or adopting a DSL to be
used by other domain users

1 As opposed to a DSL only to be used by its authors

5 You are claiming usability improvements of
your DSL compared to some existing alternative



- You are developing (or adopting) a DSL
1 For personal/internal use
1 As part of a proof of concept

1 In other scenarios, where the actual usability of the
DSL is not regarded as a priority concern (and it is
also not being claimed)
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- What could possibly go wrong?

AAAAAAAAAAA
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Are users the problem?

WE INTERVIEWED
HUNDREDS OF USERS
AND TURNED ALL OF
THEIR SUGGESTIONS

INTO FEATURES.

Dilbert.com DilbertCartoonist@gmail.com

AS IT TURNS OUT,
EVERY USER WE
TALKED TO WAS AN
IDIOT, AND THEIR
DUMB SUGGESTIONS
RUINED OUR PRODUCT.

>

©2012 Scott Adams, INC. Dt by Urewersal Uik

59-2

IN HINDSIGHT, WE
PROBABLY SHOULD HAVE
TALKED TO PEOPLE
WHO WORK OUTSIDE

THIS BUILDING.
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“The usability of the languages and libraries that
developers use have a strong impact on their
ability to successfully complete a set of
development tasks.”

Steven Clarke, 2004



Bad experience with DSL @ Good experience with DSL

- Bare minimum usage - Innovative usage
5 Low barrier for leaving - Strong incentive for
-~ Detractor within the DSL successtul adoption
users community 5 Champion within the DSL
users community

Poor usability can easily destroy an otherwise technically sound DSL!

Usability encompasses both language and tool support.
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- Very few papers report any sort of evaluation
1 Even those provide too few details

1 Too much tacit knowledge: virtually impossible to
replicate evaluations and perform meta-analysis

» Predominance of toy examples
17 Unsubstantiated claims to the merits of DSLs

» Poor characterization of subjects involved in
validations

1 Unknown representativeness
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- No evidence of widely adopted DSL validation
strategies, with respect to usability

1 This does not necessarily mean practitioners do not
assess their DSLs or that claims are fake

1 It does mean usability/productivity claims are not
supported by evidence made available to the
software development community
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Wrong message is being sent to (naive) DSL engineers:

Increased usability (or, to be more precise, its impact on

DSL users’ productivity while developing solutions with a

DSL, when compared to an existing baseline) is assumed
to be a given property of DSL based development.



So, let us build usability into DSLSs!



How do we know we didn’t miss the
target? How do we evaluate?
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Usability (or Quality in Use) according to ISO 9126

Usability is defined as the degree to which a
product or system can be used by specitfied users

to achieve specific goals with:

f 'SOFTWARE PRODUCT
< dl and DURING THE DESIGNING
o s | ENT
- effectiveness - o
Reliability . R Security
0 efﬁ cie ncy ';:;‘;tt":':y' Compatibility ‘;'f:;’c'l':::;e Usability | Maintainability | Portability
5 satisfaction T o 7
— . . INFLUENCE Z ») EFFECT OF THE

in a specified context

of use.

SOFTWARE
PROL HE




Constructive approaches
1 Our own expertise and common sense

1 Usability heuristics such as the “Physics of

notations”
o Use the wisdom of the crowds
Evaluation-based (Empirical Studies)

approaches
7 “Traditional” DSL usability evaluations

7 User monitoring while using the DSL
Bl rovauines ik (R ceiet oo



Use our expertise and common

sense’?

AAAAAAAAAAA
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Like with any other software, neglecting the importance of DSL users is a
recipe for disaster

The DSL is usually defined with the inputs of domain experts
The DSL is used by
are not necessarily domain experts

If are not committed in the DSL development process,
important usability shortcomings may be detected too late!

(I I B R B R

The DSL must be usable by its “normal” users,

rather than by experts, or by language engineers!
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Constructive approaches
7 Our own expertise and common sense

1 Usability heuristics such as the “Physics of

notations”
1 Use the wisdom of the crowds
Evaluation-based (Empirical Studies)

approaches
7 “Traditional” DSL usability evaluations

7 User monitoring while using the DSL
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Use language design heuristics?

AAAAAAAAAAA
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The anatomy of a visual notation

756 IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 35, NO.6, NOVEMBER/DECEMBER 2009

The “Physics” of Notations: Toward a Scientific
Basis for Constructing Visual Notations
in Software Engineering

Daniel L. Moody, Member, IEEE

Abstract—Visual notations form an integral part of the language of software engineering (SE). Yet historically, SE researchers and
notation designers have ignored or undervalued issues of visual representation. In evaluating and comparing notations, details of
visual syntax are rarely discussed. In designing notations, the majority of effort is spent on semantics, with graphical conventions
largely an afterthought. Typically, no design rationale, scientific or otherwise, is provided for visual representation choices. While SE
has developed mature methods for evaluating and designing semantics, it lacks equivalent methods for visual syntax. This paper
defines a set of principles for designing cognitively effective visual notations: ones that are optimized for human communication and
problem solving. Together these form a design theory, called the Physics of Notations as it focuses on the physical (perceptual)
properties of notations rather than their logical (semantic) properties. The principles were synthesized from theory and empirical
evidence from a wide range of fields and rest on an explicit theory of how visual notations communicate. They can be used to evaluate,
compare, and improve existing visual notations as well as to construct new ones. The paper identifies serious design flaws in some of
the leading SE notations, together with practical suggestions for improving them. It also showcases some examples of visual notation
design excellence from SE and other fields.
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Type
(language)
level

ce
(sentence)
level

Syntax Semantics
composition rule
Visual consists of Graphlcal signlfies Semantic consists of
: N symbol Metamodel
notation y construct
(type)

expression in

Diagram
(visual
sentence)

instance of

consists of

Symbol

signifies

instance
(token)

Construct
instance

instance of

consists of

Model
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- Cognitive effectiveness:

1 the speed, ease and accuracy with which a
representation can be processed by the human
mind

- Cognitive effectiveness should be planned,
implemented and evaluated

Key design goal: to improve the cognitive effectiveness of

the visual notation
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PLANAR

VARIABLES RETINAL VARIABLES

Horizontal Shape Colour

= O0A 0O 000
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Perceptual
Discriminability

Graphic
Economy

Cognitive
Fit

Semantic
Transparency

Cognitive
Integration

Manageable
Complexity
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Independent Variables
(Causal Factors, Means, Subgoals)

2. Perceptual
Discriminability

4. Complexity
Management

5. Cognitive
Integration

6. Visual
Expressiveness

7. Dual Coding

8. Graphic
Economy

9. Cognitive Fit

Cognitive

effectiveness

Dependent Variable
(Effect, Outcome, End, Goal)
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- 1. Semiotic Clarity: there should be a 1:1 correspondence between semantic
constructs and graphical symbols
2. Perceptual Discriminability: symbols should be clearly distinguishable
from one another
3. Semantic Transparency: use symbols whose appearance suggests their
meaning
4. Complexity Management: include explicit mechanisms for dealing with
complexity
5. Cognitive Integration: include explicit mechanisms to support integration
of information from different diagrams
6. Visual Expressiveness: use the full range and capacities of visual
variables
7. Dual Coding: use text to complement graphics
8. Graphic Economy: keep the number of different graphical symbols
cognitively manageable
9. Cognitive Fit: use different visual dialects for different tasks and/or
audiences
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symbolisation mapping (encoding)

B
symbol
deficit
C1 j > ?
symbol
Constructs Ce ‘/’::dundancy Graphical
(semantics) Symbols
CG aymbol (Syntax)
overload
C D
symbol
excess
<

denotation mapping (decoding)
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- Symbol deficit: when a semantic construct is
not represented by any symbol
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- Symbol redundancy: a semantic construct is
represented by multiple symbols

1 Synographs: alternative representations (the equivalent to textual
synonyms) for the same semantic construct

«interface»
Interface Interface O——
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- Symbol overload: the same symbol is used to
represent multiple constructs

1 Symbol overload (homographs) in ArchiMate: The
same graphical convention can be used to
represent different types of relationships:

Customer y Business Unit

. i
Person \ Organisation \ Department A \ Department B \ Department C \
—
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5 Symbol excess: symbol does not represent any

semantic construct

7 In UML a comment is a useful notational feature but

has no formal semantics

Class

Properties

of adding textual explanations to

The UML comment provides a way ,
diagrams but has no formal semantics

Operations
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- Visual distance: number of visual variables

which are different and the size of those
differences

bad

Customer owner-of Account

better Customer

owner-of

Account
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- Redundant encoding: use multiple visual
variables (e.g. shape and color)

Customer owner-of Account
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» Perceptual pop out:

visual elements should
e uniquely
distinguishable by at
east one visual
oroperty, rather than a
combination of
properties

» Textual differentiation:
notations should not
rely on text to
distinguish among
different symbols

AT At Association Association | Association class Comnostion
Beregs (navigable) (non-navigable) relationship G
—— == — | -
Constraint Dependency Generalisation Generalisation Int(‘l:f{l(‘e
: set (provided)
| o | | Ll | =
Interf o N-ary association| Note reference Paqkage Package STpoTE
(required) : containment (public)
e T [ .
Package inbe Package merge Realisation Substitution Usage
(private)
«access» merge» «substitute» se
e N I B P | RS | ey
Class Objecy «interface» .
: nstance «substitute» import
Properties NS Interface Siniinas SRR L i
Operations
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Semantic transparency: Use Visual Representations Whose
Appearance Suggests Their Meaning

Semantically Perverse (I) Semantically Immediate
(false mnemonic) < . > (iconic)
appearance suggests A e meaning can be inferred from
different or opposite meaning Semantically Opaque .., appearance without explanation
(conventional) e %
arbitrary relationship between

~

appearance and meaning Semantically Translucent

(mnemonic)
symbol has mnemonic association
with its meaning but requires initial
explanation
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Semantic transparency: Use Visual Representations Whose
Appearance Suggests Their Meaning

Sequence/Causality
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Principle of Complexity Management: Include
Explicit Mechanisms for Dealing with Complexity

abstraction,
summarisation

N
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Principle of Cognitive Integration: Include Explicit Mechanisms to
Support Integration of Information from Different Diagrams

Diagram 1

. overa}l!
cognitive
map

~ . _conceptual _ -~

integration

<] Diagram 2

perceptual

integration =7
navigation
between
diagrams

. NOVALINCS Fct
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- Visual expressiveness is
defined as the number of

visual variables used in a

notation

T
!
| ConsstaOt HaacedBy
Deocace - Patwrd Mose
IsResporebiefor
J L4
Fecorves
Boatmort Drug
Prowcus

Foguires | Iol fax
X Prescrgton 3

=

/

/

1.2
| Collect data |

11

-N‘\ Analyse data |

Main road, sealed surface; Built-up area,

Minor road, sealed surface; Road bridge;
Distance marker: Kilometre; Mile

Motorable track; Buildings —— = e
SO PR ROt IOE e e e s s
Railway, double track; Station; Halt — T ==
Railway, single track; Road over: + % 7 Y.
Road under; Level crossing %‘ o o J
Light railway, single track

Embankment; Cutting —E e

International boundary PR ST S S ST ST W R R
District boundary e
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Nature reserve boundary...._.___

Vegetation limit

Power transmission line . it e o e

Contours; Supplementary contours

River and stream; River and Shoreline indefinite

1.4

Disconfirm <
\conclusions /
N\ /[

/
D >

Pond; Bund; Sluice; Underground stream ____
Reservoir; Dam; Water pipe line.

Service reservoir; Canal

. novaLines 0%
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- Visual expressiveness is defined as the number of visual
variables used in a notation

< -4
. 3 5 p- . 3 5 J
B Visual 6 Visual B Visual 6
“ ~8 expressiveness i expressiveness I~ WVeness 7/
Loge——¢@ 8 — 0 \. 8 Lo 8 —
0.1 315
40 < —— >
(a) (b) (c)

Fig. 31. Levels of visual expressiveness: (a) UML =0, (b) IE =1 (shape),
and (c) Oracle = 2 (shape, brightness).
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Variable Power Capacity
Horizontal position (x) nterva 10-15
Vertical position (y) nterva 10-15
Size nterva 20
Brightness Ordina 6-7
Colour Nomina 7-10
Texture Nomina 2-5
Shape Nomina Unlimited
Orientation Nomina 4

AAAAAAAAAAAA
|||||||||||||||||||
AAAAAAAAAAAAAAAAAAAAAAAA



- Do not use text to replace graphics - instead,
annotate them for increased expressiveness

oy 4 T I 4 Dual coding
raphical encoding extual encoding (graphics+ text)
041 3515 0.1 35105
—< —<
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Reduce semantic complexity.

ntroduce symbol deficit.

ncrease visual expressiveness.
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Principle of Cognitive Fit: Use Different
Visual Dialects for Different Tasks and
Audiences

Form of Task
representation characteristics

Problem
solver skills
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Constructive approaches
7 Our own expertise and common sense

1 Usability heuristics such as the “Physics of

notations”
0 Use the wisdom of the crowds
Evaluation-based (Empirical Studies)

approaches
7 “Traditional” DSL usability evaluations

7 User monitoring while using the DSL
Bl rovauines ik (R ceiet oo
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i* (originai concrete syntax)

0 produced by experts using intuition — unself conscious design

O

O

1O

@

O

()

()

Actor

Agent

Belief

Goal

Position

Resource

Role

Softgoal

Task

* (revamped con!Fete syntax, based on the

Physics of notation)

‘.:." o~ ‘ e \
Actor|Agent| Belief | Goal |Position|Resource| Role [Softgoal| Task

NOVALINCS

Cctd
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Does it work?



Type
(language)
level

Instance
(sentence)
level

Syntax (form)

Semantics (content)

Visual
notation

consists of

composition rule

Graphical symbolises | Qemantic | consists of
symbol \ construct =
(type)

'\ Metamodel

4\ /

expression in

Diagram
(visual
sentence)

instance of instance of

consists of
-

instance of

Symbol symbolises consists of
instance = C::;:g:g;t < Model
(token)

. novaLines 0%
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— 0

Semantically | Semantically
Perverse < S Sl > Transparent
(false mnemonic) eriantea Yy padoe (mnemonic)
(conventional)
appearance suggests . ) . appearance suggests
different or opposite arbitrary relationship between correct meaning
meaning appearance and meaning

©

Class

Person
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Intuition - similar to a correlation coefficient

maximum frequency — expected frequency
total responses — expected frequency

Computed with:

0 where:
= Maximum frequency - hits on the symbol

= Expected frequency - number of potential hits by chance
(participants/choices)

= Total responses - number of identification attempts

Defined in the interval [-1, 1]

0 where:
= -1 means semantically perverse

= 1 means semantically transparent

N 1 FACULDADE DE
k NOVALINCS c t CIENCIAS £ TECNOLOGIA
0A



- Standard i*

o produced by experts using intuition - unselfconscious design

(OO HOIO OO

Actor |Agent| Belief | Goal |Position|Resource| Role |Softgoal| Task

o PoN i*

P 3 B!

Actor|Agent| Belief | Goal [Position|Resource| Role |Softgoal| Task
. NOVALINCS ct EfE?é%DEET%ENOLOGm




- Stereotype i*

0 Most common symbols produced by novices

55}

=

l'—_","'- e~
fa i [ €

R

| | PN o

|;’|:f'
o

Actor

Agent

Belief

Goal

Position

Resource

Role

Softgoal

Task

» Prototype symbol set i*

1 Selected by novices

i
P .r-, -,‘
o T 7

£ 50
10)
L) "
e, o

1 :
s‘*-

Actor

Aéént

Belief

Position

Resource

Role

Softgoal

Task

B NOVALINCS

Cctd

FACULDADE DE
CIENCIAS E TECNOLOGIA
VERSIDADE NOVA DE LISBOA




o= @le] e

Agent| Belief | Goal |Position|Resource| Role |Softgoal| Task

-~ Independent variable
s eEIE L

-

Actor|Agent| Belief | Goal |Position|Resource| Role |Softgoal| Task

1 Symbol set
R D) 8 &

Y

Resource| Role |Softgoal| Task

> S ) B \
\ 4
Softgoal| Task

Actor |Agent| Belief | Goal | Position

[(c ) J IS

- Dependent variables 2 T @
1 Hit rate (% of recognized symbols)

1 Semantic transparency coefficient

maximum frequency — expected frequency
total responses — expected frequency

1 Prototype > Stereotype > PoN > Standard i*
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TABLE I. HIT RATE ANALYSIS
(GREEN = ABOVE ISO THRESHOLD; UNDERLINE = BEST)

Standard | PoN |Stereotype| Prototype |
Actor| 11.1% 37.5% 62.5% 43.8%
Agent| 11.1% 37.5% 50.0% 37.5%
Belief| 33.3% | 43.8% 93.8% 31.3%
Goal| 11.8% 31.3% 56.3% 31.3%
Position| 5.6% 12.5% 43.8% 50.0%
Resource| 11.1% 50.0% 75.0% 37.5%
Role| 11.1% [ 43.8% 75.0% 43.8%
Softgoal | 50.0% 12.5% 75.0% 50.0%
Task| 11.1% 81.3% 75.0% 50.0%
Mean hit rate| 17.4% | 389% | 67.4% 41.7%
Std dev| 14.5% [ 20.7% | 15.6% 7.7%

|Group size (n) 18 16 16 16

o= FACULDADE DE
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TABLE II. SEMANTIC TRANSPARENCY COEFFICIENT RESULTS
(GREEN = TRANSPARENT; UNDERLINE = BEST)

IStandard PoN Stereotype | Prototype

Actor | -0.31 0.30 0.58 0.37
Agent| -0.19 0.30 0.39 0.30
Belief| 0.25 0.37 0.83 0.23
Goal| -0.07 0.23 0.45 0.23
Position | -0.19 -0.30 0.33 0.44
Resource| -0.25 0.44 0.64 0.30
Role| -0.19 0.37 0.64 0.37
Softgoal | 0.44 -0.16 0.64 0.44
Task| -0.13 0.79 0.64 0.44
Mean | -0.07 0.26 0.57 0.34
Std dev| 0.25 0.32 0.15 0.09

# 0 (one [ Opaque [TransparentTransparent|Transparent

sample t-test) (p = .419)| (p = 042%) |(p =.000**%)

(p = .000%*%)

. NOVALINCS

Ctd
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TABLE III. RESULTS OF HYPOTHESIS TESTING FOR SEMANTIC
TRANSPARENCY COEFFICIENT (GREEN = CONFIRMED, WHITE = REJECTED,
RED = CONVERSE)

Hvpothesis Statistical Practical
yP significance (p) [meaningfulness (d)

H1: PoN > Standard 005 L2+
H2: Stereotype> Standard 000*** 332+t
H3: Prototype > Standard Q257 2.19+++
H4: Stereotype > PoN 0,1 s 1.574+tE
HS5: Prototype > PoN 703 —

H6: Prototype > Stereotype Q01> —2.21+++

Statistical significance: * significant with o = .05, ** a =.01, *** o = .005
Practical meaningfulness: + small effect (|d| = .2), ++ medium effect (|d| =
.5), +++ = large effect (|d| = .8) yndard)

7 1 7 1 7 1
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E 20%
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£ 15%
=}
=
c
a 10
3 10%
e
=
’ —
: 5%
1 4
0% o
o0 T T T T |
Standard i* Physicsof Prototype I* Stercotype i*  Physics of
Notations |* Notations with
design
rationale

Experimental group (symbol set)

Note: Caire et al. added an extra language combining physics of notations with a
design rationale for this particular evaluation.
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TABLE IV. RESULTS OF HYPOTHESIS TESTING FOR RECOGNITION (GREEN =
CONFIRMED, WHITE = REJECTED)

Hypothesis Statistical Practical
significance (p) | meaningfulness (d)

H13: PoN > Standard 006** 1.16 +++
H14: Stereotype> Standard 000Q**= 2,32+t
H15: Prototype > Standard 000> ** 1.65+++
H16: Stereotype > PoN 22 1%* 1.02+++
H17: Prototype > PoN .052 —

H18: Prototype > Stereotype 708 —

H19: PoN DR > PoN 041* 1.05+++

FACULDADE DE
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What are the main conclusions
of this semantic transparency evaluation?



- Setting up blind interpretation experiments

» Measuring successful recognition of symbols
0 Hit rate

1 Semantic transparency coefficient
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» Conduct symbolization experiments
o Perform stereotyping analysis

» Approach allowed designing new symbols that
meet the ISO threshold for public information
and safety symbols (67%) - self explanatory
symbols



1 8 out of the 9 best symbols designed by novices

-+ 8 out of the 9 worst symbols designed by
experts



5 Symbolisation experiments
- Blind interpretation experiments

- Recognition experiments

i FACULDADE DE
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- Use domain users (the DSL target audience) in
1 Blind interpretation studies

1 Blind recognition studies

o Approach inspired by clinical trials for drugs or
usability testing for software systems

- Routine approach for international safety

symbols certification, but not typical with
software languages



o Semantic transparency signitficantly increases
recognition accuracy and reduces interpretation
errors

5 10% increase in semantic transparency leads to
a 6.6% reduction in interpretation errors.

1 Consider the cost of requirements errors in
software development
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» Use of explicit design principles:
1 Significantly improved semantic transparency

1 Significantly improved cognitive effectiveness

= To be more precise, recognition accuracy is an early
measure of cognitive effectiveness

1 More than doubled the average hit rate for symbols

1 Reduced interpretation errors by almost 50%
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- Over 100 people involved in concrete syntax design

1 Low effort required from each participant (5-20
minutes per task)

1 In contrast, typically, a very low number of experts are
involved in concrete syntax design
-~ Novices, rather than experts, designed (and chose)
the most effective symbols

- Design heuristics and rationale significantly improve
over traditional language design, but are less
effective than “the wisdom of the crowd”, as long as
a representative crowd can be assembled
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Perceptual
Discriminability

Graphic
Economy

Semantic
Transparency

Cognitive
Integration

Manageable
Complexity
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Isolated symbols are but a fraction of a concrete
syntax

Treble jor G) cdef Boulorﬂd.‘ Ao (or T) chef Sx—-d;lt-n.
s D=8 3 = =
Brove Semibreve | Manim Croaches rocrver Secrnicromens
At L ¥ —% N ﬁ
NOTES |— gy = - ‘
Brove rost Semibeove rost Minim rost Croschet rest  Quaver resr Semiguovesr rest
Rests | —am— — — 32 _— é
|
SCALE % t ’:l S—
= o ps r G A B
L (=] L
S!n\tp Flci Nosural Double Aot Double shorp Koy signaoture
accoemas g £ L == é

FACULDADE DE
. NOVALINCS Fct CIENCIAS ETECNOLOGIA



1
if

A
Tromba %)' d ¢  — . } -
"y oo v v - -
A ' ? T
f—Ta—re ® E
Oboe :6‘ ¢
v s e v v’ =
/ [
- ) 5 — 1
Violinol :@ { » ’
N v o9 v
.
i I —— ° 1 j
iolino2 [
v v v v s
4 .
-
Viola TN EE— N N
;m ' e E—— _-_é_-

] FACULDADE DE
y ' NOVALINCS CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



ADVANCED APPROACH
Proceed prepared to pass next

signal not exceeding 50 MPH DIVERGING CLEAR
be prepared to enter diverging route Proceed on diverging route ﬂ{
at prescribed speed not ding turnout speed EAST DIEHL c'

si 1 Main 1
;90"1. m Eastbound
control signal
Main 1 Main 1

50 MPH
Crossover

Main 2 Main 2

g Main 2
l O SI19()“2al '_“ Eastbound 40 MPH
Turnout

control signal

APPROACH STOP o
proceed prepared to stop (‘""e
at next signal, trains ding q.o q,a
30 MPH immediately reduce >
to 30 MPH
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Different "audiences” of the same language are
ikely to require different dialects

Reading is much different from writing

ncreased sophistication of language constructs
might lead to inconvenient “multi-channel”
communication

1 People discussing over a white board

1 People discussing over a coffee table, using
common objects as surrogates
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We really need to learn,
from real DSL users,
what works for them, and

what does not work for them! (‘. =

(and it turns out they often lie)




Measuring language users biosignals

AAAAAAAAAAA
. NOVALINCS §Ct ccccccccccccccccccc



5 Software development is a cognitive intensive
activity

- Itis likely to be affected by (among others)
0 Cognitive state

s Focused, Relaxed, ...

0 Emotional state

m Stress...

0 Personal characteristics
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o Through proxies
1 Complexity metrics
1 Effort metrics
0.

- Ask about it

0 Questionnaires
0 Interviews

0.
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- Simple, ten-item Likert scale giving a global
view of subjective assessments of usability

- developed by John Brooke at Digital Equipment
Corporation in the UK in 1986

5 most widely used approach to scaling
responses in survey research



System usability scale - SUS

Likert Scale

Question#1

Question#2

Question#3

Question#4

Question #5

Likert Scale

1 2 3 4 5 6 7 8 9
Disagree Agree

1 2 3 4 5 6 7 8 9
Disagree Agree

1 2 3 4 5 6 7 8 9
Disagree Agree

1 2 3 4 5 6 7 8 9
Disagree Agree
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developed by the Human Performance Group at
NASA's Ames Research Center over a three-year
development cycle that included more than 40
laboratory simulations

assessment tool that rates perceived workload in
order to assess a task

subjective, multidimensional



Mental Demand

How much mental and perceptual activity was required? Was the task easy or
demanding, simple or complex?

Physical Demand

How much physical activity was required? Was the task easy or demanding, slack or
strenuous?

Temporal Demand

How much time pressure did you feel due to the pace at which the tasks or task
elements occurred? Was the pace slow or rapid?

Overall Performance

How successful were you in performing the task? How satisfied were you with your
performance?

Effort

How hard did you have to work (mentally and physically) to accomplish your level of
performance?

Frustration Level

How irritated, stressed, and annoyed versus content, relaxed, and complacent did
FACULDADE DE
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NASA Task Load Index

Hart and Staveland’s NASA Task L oad Index (TLX) method assesses
work load on five 7-point scales. Increments of high, medium and low
estimates for each point result in 21 gradations on the scales.

Name Task Date
Mental Demand How mentally demanding was the task?
Illlllllll|llllllllll
Very Low Very High

Physical Demand How physically demanding was the task?

EEEEREEEEE NN

Very Low Very High

Temporal Demand How hurried or rushed was the pace of the task?

I N A A O A A A A I

Very Low Very High

Performance How successful were you in accomplishing what
you were asked to do?

Ll

Perfect Failure

Effort How hard did you have to work to accomplish
your level of performance?

I A N A A O I N I A

Very Low Very High

Frustration How insecure, discouraged, irmitated, stressed,
and annoyed wereyou?

Very Low Very High

sunes E1GE,
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- Inherently subjective answer

1 Depends on the evaluators background

s Complexity perception likely to be strongly correlated
with expertise

1 Depends on non-technical factors such as
personality
1 Often biased by the Hawthorne effect

= Process where human subjects of an experiment
change their behavior, simply because they are aware

of being studied
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- Rather than simply asking the developer about
his experience, monitor them while performing
their tasks
1 Borrow knowledge from other domains, namely

= Psychology

= Human-Computer Interaction
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S Head coil lill —

e o
(e) Other fMRI studies

~

(c) Activation pattern

e

while ...
That’s a loop..

0 ©

(f) Interpretation for
program comprehension

°
currValue =

1204
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- Early findings:

1 5 brain regions activated, related to
= Working memory
= Attention I

Program
= Language comprehension_— comprehension

1 Left-hemisphere lateralization (analytical skills)

' Keep values in mind |

public static void main(String[] args) {
String word = “Hello®;
String result = new String();
for (int § = word.length() - 1;
j»>=9; 3--)
result = result + word.chamat(3);
System.out.printin(result);

Analyze words and
symbols

Integrate to state-
—1ments and chunks
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On the way humans read software

artifacts

FACULDADE DE
. NOVALINCS Fc t CIENCIAS E TECNOLOGIA



» Language usage tasks:
0 writing
0 reading
0 Interpretation
1 comprehension
0 memorization

1 problem solving

i FACULDADE DE
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= o N

n = 3
while (n > 1) :

print n

. NovaLines 0 c

FACULDADE DE
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How did you read the code?






- Visual attention triggers mental processes to
comprehend and solve a given task

» This makes visual attention a candidate proxy
for cognitive effort; one may track, for instance:
1 Location of gaze
1 Duration of gaze

0.
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Too intrusive? There are more convenient
options...
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- Fixation

1 The gaze fixes in a given position

' fixation point
Around the fixation point only forr to five letters are seen with 100% acuity.

ZrmparTRe Teamo omrt only four to e leaem=ae = T S—=ru
—---—-—
32-25% 45% 7581008 758 45% 32-25%
Acuity
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- Saccade

1 Quick movement from one fixation

ra ;

ooint to the
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Reading text in natural language

DANS; RENOCH JAGPROJEKT

PH ikt efter nodomars %oo _ﬁ;mnrm-@ Kretiska
d \% - '¥@ ATTS % %v 3 % KU @ dans |ru(%-;’» it

ey CiR 0 L)
ochu |‘w med- atyavkror DSSHrak-oet da )

w?%u V 5% - % % l"’e-éfﬁ"‘—“ 'I' och
s¢béliska @ Oom TOr %i {ngdorma -%-ru-a A
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You Read
you read for any purpose you will em Sy a series of eye stops

A4

You Input into Short-term Memory
As you read you read for any purpose any purpose you
employ will employ series a employ a series of eye stops.

b 4

Visual Information is Chunked to Realize Meaning
As you read / for any purpose / you will employ / a series of
eye stops.

FACULDADE DE
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_ Natural language Textual DSL

Syntax Larger vocabulary
Complex grammar rules
Freedom to bend rules

Semantics Text comprehension
Domain comprehension

Limited vocabulary
Simpler grammar rules
Stricter rules

Text comprehension
Domain comprehension
Execution
comprehension
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Humans tend to read natural language text
linearly

Novice developers read the textual DSL less
linearly than natural language text

Expert developers read the textual DSL less
linearly than novices

Non-linear reading skills increase with expertise
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- Natural language

1 Proficient vs novice readers
= Proficient readers often skip words

= Novice readers read/re-read more frequently

0 Textua| DSL

1 Novice developers tend to read the textual DSL like
they would read a natural language text
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- Vertical Next Text

1 % of forward saccades that either stay on the same
line or move one line down.

- Vertical Later Text Definition

1 % of forward saccades that either stay on the same
line or move down any number of lines.
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-~ Horizontal Later Text

0 % of forward saccades within a line

- Regression Rate

1 % of backward saccades of any length

5 Line regression rate

7 % of backward saccades within a line.
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» Saccade length

1 Average Euclidean distance between the

participant’s two consecutive fixations in each trial

1 Hint: experts tend to exhibit higher saccade length
than novices
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- Element coverage
1 Percentage of words / source code elements
looked at by the subject

1 Hint: experts look at fewer but more relevant
words in a textual DSL than novices
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- Story order
1 Program read line by line, from left to right
1 N-W alignment score of fixation order with linear
text reading order
» Execution order
1 Program read following its control flow

1 N-W alignment score of fixation order with the
program’s control flow order
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1l n =3

2 while (n > 1):
3 print n

4 n =n — 1

Story order: 1, 2, 3, 4
Execution order: 1, 2, 3,4, 2, 3, 4, 2




1 Please study the code on the next slide

- You will be asked about the return value of

rect2.areal)

i FACULDADE DE
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public class Rectangle {

private int x1,y1,x2,y2;

public Rectangle (intx1 ,inty1,intx2,inty2){
this.x1 = x1 ;
this.y1 = y1 ;
this.x2 = x2 ;
this.y2 =y2 ;

public int width () { return this.x2 - this.x1 ; }

(3
public int height () { return this.y2 - this.y1 ; }

public double area () { return this.width () * this.height () ; }

public static void main ( String [] args ) {
Rectangle rect1 = new Rectangle (0,0, 10,10);
System.out.printin ( rect1l.area () ) ;
Rectangle rect2 = new Rectangle (5,5,10,10);

System.out.printin ( rect2.area () ) ;



5 Rectangle {
private-mt x1, y1. %2, y2;
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1 public class Rectangle {

private int x1 ; vl ; X2 ;:y2 3

public Rectangle ( int x1 , int y1 , int x2 , int y2 ) {

public
public
public

public

Fixations By Line

Ehis.x1: =x1 3

this.y1l = y1 ;
ERlS. X2 =7
this.y2 = y2 ;

int width () { return this.x2 - this.x1 ; }

int height () { return this.y2 - this.y1 ; }

int double area () { return this.width () * this.height () ; }

static void main ( String [] args ) {

Rectangle rectl = new Rectangle
System.out.println ( rectl.area
Rectangle rect2 = new Rectangle
System.out.println ( rect2.area




Fixation num.

| 31 61 91 121 1561 181
Pl :!\i TTTTTIT TTTTTTITTIT TITTIT \.‘L TTTTTT TITTTTITTIT T T T T I T T T T T e T T I e e T T I i i i
01 void main(void){ I/ N sy t
02 int i, num, isPrime = 0; | \\ ! e
03 \ \ | o <
04 printf("Input Number:"); | vl :
05 scanf("%d", &num); \ T \ s N ]«n A { 1
06 \ NIUE R
07 i=2; \ v }: :
08  while(i < num){ \ A . «
09 if(num%i == 0) \\ L h v\ s L MP
10 isPrime = [; \ [\ N\ .
11 i=i+1; \ Hl Y Y l
2 ) 1st scan \\ \\ \ \
13 \ ¥, ! 2nd scan
14 if(isPrime == 1) A \ !
15 printf("%d is prime number.¥n", num); A\ I /
16 else NY Ne_ ./
17 printf("%d is NOT prime number.¥n", num); Ne_/
18 }

a) Subject E reviewing Prime
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Fixation num.

1 s 31 61 91 121 151
N
/?.T\'i' T T'TTH"T.?\Y.T'H"H'TTT?H"?T'T?THT"?H'T"HT'TZ"U'TH":""T"HHH'H'THTTI"H'T'TTH'?T"T?'?T?'H' TITTT TT
00 OUT OF CODE { N
01 int makeSum(int max){ | \
02 inti, sum; | \ 1
03 sum=0; : \
5 | k 1.4 j\
05 i=0; | \ 1 s
06  while(i < max){ | Y V W ‘ V ¢
: | :
07 sum = sum + i; | \
09 } \ \
10 return sum; ) \
11} \ . \ : ‘
12 \ \ \
13 void main(void) \ X ' .
14 § Header y Function
15 int input, sum; scan \ \ scan
16 A f
17  scanf("%d",&input); \.\ '
18  sum = makeSum(input); N I
19 printf("Sum from 1 to %d is %d.¥n", sum); N )/
20} I
b) Subject C reviewing Accumulate
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Fixation num.

1 31 61 91
01 void main(void){ Retraceof 'A%  + tY Y T T T Te )
02 lnt ia inPUt’ sum; declarations R b W ) OISO, OV | | | PRI ) (SRR S | (R - }I
03
04 i=0;
05  while(i < 5){ Ax Ax 1% %A /\nh
06 scanf("%d", &input); J i V i 'R ! v V J Y
07 sum = sum + input; J
08 i=i+1;
09 }
10 hd
11 printf("Sum:%d¥n", sum); W
12 }
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01 void main(void){

1

Fixation num.
31 61 91

02 int i, input, sum;

03 double ave;

04

05 sum = 0; A
06

07 i=0; \
08 while(i < 5){ '

09 scanf("%d"  &input); 1

10 sum = sum/+ input; /\ A 2 ]\ ’ &A [
i LV INVEAT i

12 } ‘

13

14 ave= /13

15 printf(" Average: % f¥m ave): L A 2

16 } V V\J o « 1{
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- When confronting practitioners with the trace
of their eye movement, they were able to

reconstruct their thought process with much
more detail
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What is the Impact of Bad Layout in the

Understandability of Social Goal Models?

AAAAAAAAAAA
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The i* language community has a set of

recommended layout guidelines
[

The guidelines are supposed to help building
better i* specitications

#  Guideline inforced  Layout
| Avoid or minimise drawing intersecting Links and overlapping Links with other Links and elements’ text No Yes
2 Make both sides of a Dependency Link look like a single, continuous curve as it passes through the Dependum Yes Yes
3 Spread the connection points of Dependency Links out on an Actor Yes Yes
4 Keep elements horizontal. Do not tilt or twist them Yes Yes
S  Avoid or minimise overlapping boundaries of Actors where possible No Yes
6 Keep Dependency Links outside the boundaries of Actors to improve the readability of the models No Yes
7 Use the conventional Actors’ boundaries (circles) unless other shapes such as rectangles can improve models’ layout Yes Yes
8  Avoid overlapping elements inside or outside Actors No Yes
9  Connect each Dependency Link in an SR model to the correct element within the actor No No
10 Adopt or follow a consistent direction for the goal refinement/ decomposition hierarchy as much as possible No Yes
11 Do not draw SR model elements outside the boundaries of the corresponding actors No No
12 Unconnected elements within an Actor is indicative of an incomplete model No No
13 Don’t extend the text of the name of the element beyond the element’s border Yes Yes
14 Split a large and complex model into consistent pieces to facilitate easier presentation and rendering No Yes
15 Don’t extract or zoom into a section of an Actor in a model without showing the incoming and outgoing dependencies No Yes
with other actors or parts of the model
16 Use the specialised actors notation to the degree that you can gain advantage in instantiating the actual stakeholders Yes No
17 Use the leaf-level tasks as the system requirements, not the high level Goals and Softgoals No No

) FACULDADE DE
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Research questions

Does adherence to layout guidelines
influence the understandability of i*
models?

Does adherence to layout guidelines
influence the ability to review i*
models?




Study method: quasi-experiment with a
combination of measures

Duration Percelvgd Eye-tracking
complexity data
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Experimental materials and participants

Which tasks are involved in making payments? ‘
T

‘ Which tasks are involved in making payments?

[ Please describe the defects you find in this diagram ‘

A - D_J Please describe the defects you find in this diagram ‘

18 participants 1 eye-tracker 4 domains
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Protocol of the experiment

Consent information letter
Information to participants

This experimental work is conducted withi
Informatics (NOVA LINCS). NOVA LINCS is
network in the area of Computer Science
hosted at the Departamento de Informé
Universidade NOVA de Lisboa (DI-NOVA),

All information stated as part of this exper

Prof. Miguel Gouldo is responsible foi
mgoul@fct.unl.pt; +351 21 294 85 36 (ext.

We would like to emphasize that:

- your participation is entirely volunt
- vou are free to refuse to answer any

Demographic Data

*Obrigatério

Gender *

O Male ¢

O Female

Age *

Nationality *

Field of Studies *

MENTAL DEMAND

Low
PHYSICAL DEMAND
Low
TEMPORAL DEMAND
Low
PERFORMANCE
Good
EFFORT
Low

FRUSTRATION

Low

High

High

High

Poor

High

High

What happens when the patient is monitored?

@2 =

/,\

- NUVALINCLD

w
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Read the consent information letter

Consent information letter

Information to participants

This experimental work is conducted withi
Informatics (NOVA LINCS). NOVA LINCS is
network in the area of Computer Science
hosted at the Departamento de Informé
Universidade NOVA de Lisboa (DI-NOVA),

All information stated as part of this exper

Prof. Miguel Gouldo is responsible foi
mgoul@fct.unl.pt; +351 21 294 85 36 (ext.

We would like to emphasize that:

- your participation is entirely volunt
- vyou are free to refuse to answer any

Demographic Data

*Obrigatério

Gender *
O Male

O Female
Age *

Nationality *

Field of Studies *

MENTAL DEMAND
Low

PHYSICAL DEMAND
Low

TEMPORAL DEMAND
Low

PERFORMANCE
Good

EFFORT
Low

FRUSTRATION

Low

High

High

High

Poor

High

High

- NUVALINCLD

Cl ™
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Watch a video tutorial about i

138

Consent information letter
Information to participants

This experimental work is conducted withi
Informatics (NOVA LINCS). NOVA LINCS is
network in the area of Computer Science
hosted at the Departamento de Informé
Universidade NOVA de Lisboa (DI-NOVA),

All information stated as part of this exper

Prof. Miguel Gouldo is responsible foi
mgoul@fct.unl.pt; +351 21 294 85 36 (ext.

We would like to emphasize that:

- your participation is entirely volunt
- vyou are free to refuse to answer any

Demographic Data

*Obrigatério

Gender *
O Male

O Female
Age *

Nationality *

Field of Studies *

MENTAL DEMAND
Low High

PHYSICAL DEMAND
Low High

TEMPORAL DEMAND

Low High
PERFORMANCE
Good Poor
EFFORT
Low High
FRUSTRATION
Low High

| What happens when the patient is monitored? |

NOUOVALINCDYD CIENCIAS E TECNOLOGIA
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Calibrate the eye-tracker

Consent information letter
Information to participants

This experimental work is conducted withi
Informatics (NOVA LINCS). NOVA LINCS is
network in the area of Computer Science
hosted at the Departamento de Informé
Universidade NOVA de Lisboa (DI-NOVA),

All information stated as part of this exper

Prof. Miguel Gouldo is responsible foi

T
mgoul@fct.unl.pt; +351 21 294 85 36 (ext.
We would like to emphasize that:
- your participation is entirely volunt
- vyou are free to refuse to answer any
Demographlc Data MENTAL DEMAND
Low High | What happens when the patient is monitored? |
*Obrigatério
PHYSICAL DEMAND
Gender * Low High
O Male | TEMPORAL DEMAND
O Female Low High
PERFORMANCE
Age* Good Poor
EFFORT
Low High
Nationality *
FRUSTRATION
Low High

Field of Studies *
- NOUOVALINCDYD r h CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



Answer a question about a model

Consent information letter
Information to participants

This experimental work is conducted withi
Informatics (NOVA LINCS). NOVA LINCS is
network in the area of Computer Science
hosted at the Departamento de Informé
Universidade NOVA de Lisboa (DI-NOVA),

All information stated as part of this exper

Prof. Miguel Gouldo is responsible foi
mgoul@fct.unl.pt; +351 21 294 85 36 (ext.

We would like to emphasize that:

- your participation is entirely volunt
- vyou are free to refuse to answer any

Demographic Data

*Obrigatério

Gender *
O Male

O Female

Age *

Nationality *

Field of Studies *

MENTAL DEMAND
Low

PHYSICAL DEMAND
Low

TEMPORAL DEMAND
Low

PERFORMANCE
Good

EFFORT
Low

FRUSTRATION

Low

High

High

High

Poor

High

High

- NUVALINCLD
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Answer a NASA TLX questionnaire

Consent information letter
Information to participants

This experimental work is conducted withi
Informatics (NOVA LINCS). NOVA LINCS is
network in the area of Computer Science
hosted at the Departamento de Informé
Universidade NOVA de Lisboa (DI-NOVA),

All information stated as part of this exper

Prof. Miguel Gouldo is responsible foi
mgoul@fct.unl.pt; +351 21 294 85 36 (ext.

We would like to emphasize that:

- your participation is entirely volunt
- vyou are free to refuse to answer any

Demographic Data

*Obrigatério

Gender *
O Male

O Female
Age *

Nationality *

Field of Studies *

MENTAL DEMAND

Low

PHYSICAL DEMAND

Low

TEMPORAL DEMAND

Low

PERFORMANCE
Good

EFFORT

Low

FRUSTRATION

Low

o
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Answer to demographic questions

Consent information letter
Information to participants

This experimental work is conducted withi
Informatics (NOVA LINCS). NOVA LINCS is
network in the area of Computer Science
hosted at the Departamento de Informé
Universidade NOVA de Lisboa (DI-NOVA),

All information stated as part of this exper

Prof. Miguel Gouldo is responsible foi
mgoul@fct.unl.pt; +351 21 294 85 36 (ext.

We would like to emphasize that:

- your participation is entirely volunt
- vyou are free to refuse to answer any

Demographic Data
*Obrigatério
Gender *

O Male

O Female

Age *

Nationality *

Field of Studies *

MENTAL DEMAND
Low

PHYSICAL DEMAND
Low

TEMPORAL DEMAND
Low

PERFORMANCE
Good

EFFORT
Low

FRUSTRATION

Low

High

High

High

Poor

High

High

o
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Two understanding and two review tasks,
both with good and bad layout

Which tasks are involved in making payments?

Which tasks are involved in making payments?

@ Has [item] AT
Payable

<Re(ew¢ (tem] Budget |

om« By Ph one m‘ e OrderVia
. "9 ExpertSys [item]

Low Overhead
Accounts Cj
Payable

<P:V'“““ i3
Order By Phone Pay When ltem —

[item] ) Pay When o feben

Invoiced
Some+
Ordered (item]

Please describe the defects you find in this diagram

(they can be more than one)

Please describe the defects you find in this diagram

(they can be more than one)

sssss
sssss
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U t CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



Two understanding and two review tasks
both with good and bad layout

Strategic dependency (4 types)

——

Decomposition

Means-end

—

Please describe the defects you find in this diagram Please describe the defects you find in this diagram
(they can be more than one) (they can be more than one)
B
--M-- o ==
St gic dependency (4 types) N L E : o dwe";ewy e Integrit «v[ ata]
Means-end
Means-end
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Two understanding and two review tasks,
both with good and bad layout

Which tasks are involved in making payments?

Which tasks are involved in making payments?

Strategic dependency (4 types)
[

Decomposition

Means-end

Accounts
"y

Accounts @
Payable

Please describe the defects you find in this diagram

(they can be more than one)

P

lease describe the defects you find in this diagram

(they can be more than one)

Strategic dependency (4 types)
—

Decompasition

Means-end
_—

=
---wm--

Acto
"+ Contriat m(o ypesl
—_

Strategic dependency (4 types)




Two understanding and two review tasks,
both with good and bad layout

Low Overhead
Accounts Cj
Payable
Some+
<P:'V"'°" iz

5 some-

Py
Invoiced
i Ordered [item]
g
Means-end
Emm—

me+
Some+

Strategic dependency (4 types)

——

Decomposition

Please describe the defects you find in this diagram

(they can be more than one)

Please describe the defects you find in this diagram
(they can be more than one)

,:mor 5
 ra ]
N Gate
| =
5
types)
+ )
Strategic dependency (4 types)

.@
Integity [Data] fre
—
Decomposition
st el
Banked

@
Receive D to.
idate
{ openGue )
ass
t

Vel
Integrity [Data !
Actor association (6 types) |
+ Contribution (9 types) Some+ Help
> “ L somes
¢¢¢¢¢
Strategie dependency (4 types)
»
—
Response Time Sonl
' "
e
Means-end
—_—

Integrity [Data]

- NOVALINCS ? Ut
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Two understanding and two review tasks,
both with good and bad layout

Strategic dependency (4 types)

——

Decomposition

Means-end

sssss

Accounts @
Payable 3
- —_

el
PayWhen
| Invoiced
Ordered [Item]

me+
Some+

(they can be more than one)

Please describe the defects you find in this diagram

Please describe the defects you find in this diagram

(they can be more than one)

Strategic dependency (4 types)
——
Decomposition

Means-end
_—

Register
Passage

Integity Date]

--------

2 el

tp

Actor association (6 types)
+ Contribution (9 types)
—_—

Strategic dependency (4 types)

—

Decomposition

Means-end

< Got >
7

sssss

ety Do}yl

¢¢¢¢¢

Integrity [Data]




Areas of interest: question, key and model

Question

What happens when the patient is monitored?

Resource

Actor association (6 types)
+ Contribution (9 types)

—eee
Strategic dependency (4 types

—B_
Decomposition
.’—

Means-end

— >

Model

lness Be
Managed

Patient Progres
Be Known

724

Services Be
Provided

Problem Be
Identified

) )

Chronic lllness
Be Controlled

lliness be Self- Medical Brovide et
Treatment Be Collect Patient i
Managed Erops N AR o Dat: Send Alert Get Patient Medication
Primary Care Feedback Ask for Lab Test
Symptom .
d g Screen Patient
Visit Clinics LG Description Get Data From : :
Symptoms Ask Patient 1o
S Healthy Living
YpEem Programs
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Experiment design

Participants performed the tasks in different
order, to mitigate the risk of learning effects

Participant  Letter ~ Tutorial TI1 T2 L3 T4 Back.

UIG U2B D3G D4B Vv
D4G UIB U2G D3B VvV
U2B D3G D4B UIG V
v
v

D3B D4B UIB U2G

= LW =
B B B K
A KK
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So what was the impact of good and bad layouts in
understanding and reviewing i* models?
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Precision is higher for understanding tasks, but there is no
statistically significant difference between layouts

4
— 021 *
1.0 5

Precision

0.0 - -

| | I |
Bad Layout Good Layout BadLlLayout Good Layout
[Understand] [Understand] [Review] [Review]
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Recall is better for understanding tasks with good
layout, but the difference is not statistically

"
o

0.87

0.6

Recall

0.4

[ ]

0.0 - -

| | | |
Bad Layout Good Layout Bad Layout Good Layout
[Understand] [Understand] [Review] [Review]
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F-Measure is better for understanding tasks with
good layout, but the difference is not statistically

I

=2
o
|

F-Measure

o

»~

|

—
I

0.2

0.0 - -

| | | |
Bad Layout Good Layout Bad Layout Good Layout
[Understand] [Understand] [Review] [Review] Ct FACULDADE DE
[
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There is no difference in terms of duration,

between good and bad layouts for both tasks
e

20
*
1250
1000
&
;
c
o O
p— 22
g 750 o
c 22
S o
®
g 500 T T [
250 T
| I
T = L
0—

| I | I
Bad Layout Good Layout Bad Layout Good Layout
[Understand] [Understand] [Review] [Review]
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There is no difference in the perception of

complexity of the tasks, for both layouts
e

1007

80 T
e —(
Q s
& 60
: J
-
=
& 40—
<
] J
20 J -

| | [ [
Bad Layout Good Layout Bad Layout Good Layout
[Understand] [Understand] [Review] [Review]
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Relevant fixation rates superior in understanding tasks, but
the difference for layouts is not statistically significant

Goods Acquisition Patient Wellness Tracking [] Relevant
0.5 Fixation Rate
] Irrelevant
0.4— Fixation Rate
0.3™ 22
821
0.2—
0.1 *1 0 i l
004 = |

I I I
Bad Layout Good Layout Bad Layout Good Layout
[Understand][Understand] [Understand][Understand]
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Average fixation duration varies depending on the
model, but the difference is not statistically

u

Goods Acquisition Patient Wellness Tracking  Average
Fixation
600 :
19 - Duration
500 Relevant
Average
4007 22 ] Fixation
¢ Duration
=g Irrelevant
200~ B
1007 823
o 9
I I

I I
Bad Layout Good Layout Bad Layout Good Layout
[Understand] [Understand] [Understand] [Understand] "
R VAL R L EecesErEaitioes



Heat map for the good layout is less scattered

than the one for bad layout
S |

Please describe the defects you find in this diagram Please describe the defects you f|nd in this diagra
(they can be more than one) (they can be mor th

qqqq
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Conclusions

Understanding tasks were more accessible than reviewing tasks

The layout was not a significant factor for any of the measures,
for both understanding and review tasks

In heap maps for the review tasks, participants’ gaze seemed
more dispersed by the noise cause by bad layouts

We expect layout quality to have a stronger impact as diagrams
increase in size and complexity

FACULDADE DE
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What it we use a better syntax?

Matalda Santos, Catarina Gralha, Miguel
Goulao, Joao Araujo, Ana Moreira



Understanding task, with improved notation
_161

Which tasks are involved in making payments? |
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. NOVALINCS Fct cuchms ETECNOLOGIA



Understanding, with standard notation

Which tasks are involved in making payments?

FACULDADE DE
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Reviewing task, with improved notation

Please describe the defects you find in this diagram

(they can be more than one)

.......... ‘ -
AN [ =

/
A, _ Ret ) / @
Task Resource ' 4 3 .
- . Validate ID
- / L &« .
* * * | N o
: ’7 \ Verty 1D [ OR
: | | , K
Belief / o / now Dis > / b
Py Open Gate / ;“““L piay. Active ID Lo —
Tum on Light Detect Sensor 7 . Register Client L
a / | g
ome + 4 - ’ ra
- % ]

Actor ass'oci.?lion (6 types) Some + | gome + Som Accuracy
+ Contribution (9 types) Some + Integrity [Data] / ’\ g
\ elp 3
— A
Integrity [Data) * * %
Strategic dependency (4 types) s | ‘ | ’
— = ‘ ’
" ’/’ /
Decomposition Response Time Ao Ceneril Y
c Create New eneralte
” ey

Means-end

_
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Reviewing task, with standard notation
ECH

Please describe the defects you find in this diagram

(they can be more than one)
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Additional examples

FACULDADE DE
NOVALINCS CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



Comparing textual vs
graphical requirements notations

Sharafi et al. “An empirical study on the efficiency of graphical vs. textual representations in requirements comprehension”, ICPC 2013

Textual notation

1. What is/are the esurce(s) that helps in having health emergency monitored?
a) biological sensors I Question l
_b)_t_).icioglcal sensors and patient log book

Goal: “patients’ falls monitored” that is OR operationalised by
Task: “monitor the stairs” using
Model

Resource: “falls sensors” and “cameras”

Goal: “health emergencies monitored” that is operationalised by
Task: “monitor history of the patient” via

Resource: “patient log books”

Task “monitor health factors”

Resource: “biological sensors”

= FACULDADE DE
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Comparing textual vs
graphical requirements notations

Sharafi et al. “An empirical study on the efficiency of graphical vs. textual representations in requirements comprehension”, ICPC 2013

Graphical notation

I 1. What is/are the resource(s) that helps in having health emergency monitored?

a) biological sensors
b) biological sensors and patient log book

monitored’

monitor the
stairs

health .
emergencies
Se—— monitored
Gatlents falI?

monitor

monitor
health factors

history of the
patient
Resourca' : ' |
f \ \ biological
patient log sensors
cameras | |falls sensors booke
n
o I l

= FACULDADE DE
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Comparing textual vs graphical requirements
notations

Sharafi et al. “An empirical study on the efficiency of graphical vs. textual representations in requirements comprehension”, ICPC 2013

Independent variable: requirements notation

VS.

Dependent variables:

Accuracy (percentage of correct answers about these requirements)
Time (taken on each model stimulus)

Effort (@mount of visual attention; assumption of positive correlation
between amount of visual attention and effort)

FACULDADE DE
- NOVALINCS c t CIENCIAS E TECNOLOGIA

UNIVERSIDADE NOVA DE LISBOA



Descriptive statistics on collected data

Sharafi et al. “An empirical study on the efficiency of graphical vs. textual representations in requirements comprehension”, ICPC 2013

Collected data

Number of subjects (#) 28
Total number of questions 504
Number of Text-related questions 168
Number of Graphical-related questions 168
Number of Mixed questions 168
Total time of eye-tracking (hours) 2.85
Total number of fixations (#) 50,652

] FACULDADE DE
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Accuracy was similar in both notations

Sharafi et al. “An empirical study on the efficiency of graphical vs. textual representations in requirements comprehension”, ICPC 2013

Answers

Textual Graphical Mixed
Correct Wrong Correct Wrong Correct Wrong
164 4 165 3 162 6
97% 3% 98% 2% 96% 4%

N FACULDADE DE
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Participants were faster with the textual
notation

171 Sharafi et al. “An empirical study on the efficiency of graphical vs. textual representations in requirements comprehension”, ICPC 2013

The percentage of time that our subjects
spent on different AOIs for Graphical model.

B Model Relevant
B Model Irrelevant
Question
Help Area

100000
O

The percentage of time that our subjects
spent on different AOIs for Textual model.

Task time (ms)
60000
|

———————-

B Model Relevant
B Model Irrelevant
Question

20000
|

e————

0
|

| |
Graphical Textual
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The graphical notation required more visual
effort than the textual notation

172" @ Sharafi et al. “An empirical study on the efficiency of graphical vs. textual representations in requirements comprehension”, ICPC 2013

2 ° [] Graphical
9 [ Textual
<]
o ° o o
o
& g - 8
L T
e o 1o
C o 1
o °
©
' @
cC O -
o o
5 o 0 @
= 3 o o
o) 8 8 o =
TR : :
< 38 - L o ! : o
= ¢ H s s .
= . 2 4 ! l i S8 =l
I I I | [ | I [
AFD(M) AFD(Re) AFD(Ir) AFD (Q)

Key: Model Relevant parts Irrelevant parts Question
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Other studies not covered here

nfluence of colors, naming conventions, etc in
orogram comprehension

nfluence of layout in diagrams comprehension
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Potential implications

000000000090
Language improvement

Tool improvement
Recruitment
Training

Triangulation of techniques to increase
soundness of software engineering claims
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- In the end of the day...

AAAAAAAAAAA
. NOVALINCS §Ct ccccccccccccccccccc



Some usability indicators for a DSL

What to measure?

Development
time

Quiality of

generated model

Help support /
Tutorials

Performance

Learnability

Error prevention

Subjective
metrics

User bio signals

Maintainability
/ Evolvability
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. NOVALINCS Fc t CIENCIAS E TECNOLOGIA



SUBLIMESOLUTIONSyc
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178

Evaluate everything

(as long as you make sure there is a real “client” to your usability evaluation BEFORE you actually commit to it)
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DSLs vs GPLs A family of experiments

with a detailed report
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Experiment objectives

« The goal of the experiments is to compare programmers’ comprehension of
programs written in @ DSL vs. their comprehension of programs written in a
GPL. A family of experiments is created:

Experiment 1 - Feature diagrams (FD) domain

e provides the ability to capture the variable parts of application domains and provides
ways to express which features make up a given system.

Experiment 2 - Graph descriptions (GD) domain

e describes directed and undirected graphs, which consist of nodes and edges. Graphs,
subgraphs, nodes and edges have various properties (attributes), e.g., color, shape,
and style.

Experiment 3 - Graphical user interface (GUI) domain

e focuses on construction of programs that allow users to visually interact. GUIs are
made up of several components, e.g., windows, menus, fields, labels, and buttons.
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Languages:

GPL
Feature diagrams (FD) FDL FD library in Java
Graph descriptions (GD) DOT GD library in C
Graphical user interface (GUI) XAML Windows forms library in C#
Participants:

undergraduate students from the University of Maribor
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« Materials

Feature diagrams Graph descriptions Graphical user interface
(FD) (¢]»)] (GUI)

Applicationl Menu Radio Compiler Registration  Picture
parts form viewer
Application2 Software Compiler Branching Flowcharts Productinfo  Painter

construction

« Background Questionnaire
— Participants prior experience with FD, GD, and GUI
— 10 questions (Likert Scale)




Tests

Learn

e Q1 Select syntactically correct statements.
e Q2 Select program statements with no sense (unreasonable).
e Q3 Select a valid program with the given result.

Understand

e Q4 Select the correct result for the given program.

e Q5 Identify language constructs.

e Q6 Select a program with the same result.

e Q7 Select the correct meaning for the new language construct.
e Q8 Identify correct meaning in the program with comments.

Evolve

e Q9 Expand the program with new functionality.
e Q10 Remove functionality from the program.
e Q11 Change functionality of the program.

I'I\‘_LULUF\IJt vE
- NOVALINCS Fc t CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA



Feedback questionnaire

« 8 questions
« 5 points Likert scale

« 2 focuses
— How well participants understood the DSL and GPL programs
— Experimental tasks rated:
 Clarity
« Consistency
« DSL vs. GPL
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Experimental Procedure

GPL
Learning

Domain
Learning

DSL
learning

DSL
learning

GPL
Learning

Background
and feedback
Questionnaires
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Hypotheses

Hlnull

Hlalt

H2null

H2alt

There is no significant difference in the correctness of the participants’
program comprehension when using a DSL vs. when using a GPL.

The use of a DSL significantly increases the correctness of the
participants’ program comprehension over the use of a GPL.

There is no significant difference in the efficiency of the participants’
program comprehension when using a DSL vs. when using a GPL.

The use of a DSL significantly improves the efficiency of the participants’
program comprehension over the use of a GPL.
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Independent variables

Language Type:

¢ DSL: Domain-Specific Language

¢ GPL API: General-Purpose Language with an API

Domain:

¢ [D: Feature Diagram

* GD: Graph Descriptions
¢ GUI: Graphical User Interface

Question Number:
e 1-11

Question Type:

e Learn: questions related to learning the notation and meaning of the program
e Understand: questions related to program understanding
¢ Evolve: questions that require addition of code

Experience:

e measured with participants’ self-evaluation on a 5-point Likert scale (1 = no experience . .. 5 = expert)

- NOVALINCS Fc t CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA




Dependent variables

Program Comprehension:

e the percentage of correct answers on the test
Time:

e number of minutes to complete the exam
Efficiency:

e percentage of correct answers divided by number of minutes

Simplicity of Use:

e measured on a 5-point Likert scale (1 = very hard ... 5 = very easy)

Test Complexity:

e measured on a 5-point Likert scale (1 = very hard ... 5 = very easy)
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Comprehension correctness

e Significantly better with DSLs than with GPLs

e Similar effect when results are broken by learning,
understanding and evolution

e Participants considered the DSL simpler than GPL
e Result significant for FD and GD domains

Comprehension efficiency

e Participants were faster to complete DSL tests

e Significantly better efficiency (percentage of correct answers
by the time required to complete the test)
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WHERE
University of Maribor

.

CONTEXT
Offline experiment

v

experiment 1

PARTICIPANTS

experiment 2

experiment 3

Type: DSL GPL DSL GPL DSL  GPL
students students students
Quantity: 34 36 37 36 37 35
EXPERIMENTS
Learning Experimental tasks Background/feedback study

Powearpoint presentation
DSLIGPL API materlal
Program examples

Research instrument: test

Test structure: multiple chaoice,
free response

Learning material available: yes

Pretest performed: yes

Research instrument:
questionnarie

Measurement scale:
ordinal {1-5, low-high)

30 min. 2h 10 min. 15 min,
INDEPENDANT VARIABLES | | DEPENDANT VARIABLES ANALYSIS / STATISTICS
Language type Program comprehension Wilcoxon Sig. Ranks Test
Domain Time Mean
Question number Efficiency Wilcoxon Sig. Ranks Test

Question type
Experience

Simplicity of use
Test complexity

Wilcoxon Sig. Ranks Test
Wilcoxon Sig. Ranks Test




- Pheasant vs. C++/BEE Library
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« Two different treatments (the languages)

W TV
oot
e T

« Three different user profiles

Informed Programmers Uninformed Programmers Non-Programmers



5 As it is expensive to do all we concentrated on:
O writing
0 reading
0 Interpretation
1 comprehension
01 memorization

o problem solving
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» Independent Variables:
o Language Type
1 Prior education and experience
1 Level of difficulty of tasks
1 Language features
- Dependent Variables:
o Time
o Errors
1 Satisfaction
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(H1) Using Pheasant increases the effectiveness in query
specification

0 Less error-prone than the alternative
0 DSL allows non-programmers to correctly define queries
0 Baseline approach was too difficult for non-programmers

(H2) Using Pheasant increases the efficiency in query
specification

0 Considerable speedup in query definition, in all controlled groups of
users, using Pheasant

(H3) Users find more usable Pheasant than the alternative
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Subject recruitment

!

Task Preparation

'

Pilot Session

Evaluation Session
per language

'

Training Session

'

Exam

per group

'

Final Questionnaire

Y

Analysis of results

B Novaunes EGE
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(H1) Effectiveness — errors

C++/BEE tests Pheasant tests
100,00% 100,00% -
90,00% 1 90,00%
80,00% 1 80,00% -
70,00% - 70,00% -
60,00% - 60,00% 1
[l Incorrect
50,00%- 50,00% 1 ] Correct
40,00% 1 40,00%
30,00% 1 30,00% -
20,00% 1 20,00% 1
10,00%- 10,00%+
0,00%-+ 0,00%-
Non-Pro- Not-informed Informed Non-Pro- Not-informed Informed
grammers grammers

@ @

&
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(H2) Efficiency — resulting time
Training Time (minutes) Total exam time (minutes)

140

] C++/BEE
B Pheasant

Non-Pro- Not-Informed Informed Non-Pro- Not-|nformed [nformed

grammers grammers
&) @ @) =)
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BPT - Evaluation Process

Oid BPT

Analysis of Interview Ansiyse
| Physics of
usage data BPT users f
. , Notation

New BPT Proposal

Prototyping |
experiment N Proposed
symbol set

| Stereotyping |/ ‘
Analysis

Analysis

’ Semantic | [ Usability and Cognitive
l transparency H Comparison %

__experiment | Original vs. Proposed BPT

experiment

|’ Symbolisation |




Analysis of Usage Data

Analysed a repository of real application models:

e 5145 OutSystems application models available in the OutSystems platform, only 179
(around 3%) used BPT.

e total of 353 BPT models, of which 120 used process metadata. The 353 BPT models
had an average of 18.7 nodes per BPT



Interview

Development teams liked BPT but were “scared” to do so (low level nuances)
Preferred to fallback to what they were used to (Timers).

Parallelism was hard to model and so was identifying synchronisation bugs.

New team members could not start working with BPT without specialised training.
Some clients explicitly requested the use of BPT.

Maintaining a project with BPT was difficult and costly.

BPT was often used outside of its domain. Used for event handling small (processes normally
around three or four nodes) instead process modelling.

They start automatically in response to an event (like an API call), perform a small automatic
action and then end. The problem is that the language runtime was not designed for this
behaviour and as such does not perform well.



Physics of Notation

Critical analysis of BPT, following the Physics of Notations (PoN) principles



BPT - Evaluation Process

Old BPT

Analysis of Interview Ana'l e
. Physics of
usage data BPT users ;
\ ) Notation

}

New BPT Proposal

Prototyping |
experiment N Proposed
symbol set

. Stereotyping | ‘
Analysis

Analysis

' Semantic | [ Usability and Cognitive
‘ transparency H Comparison }—-@

.__experiment ' | Original vs. Proposed BPT

‘ Symbolisation |
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Prototyping

]

[}

Wait for
timeout

Subprocess

Wait for
DB event

Decision

/0\

A\

Custom
logic

Alternative
flow

Terminate

Wait for
user

Broadcast
DB or API
event

Wait for
API




Stereotype symbols

<

Watt for
timeout

Subprocess*

Wait for
DB event

Decision

;?\

Custom
logic

Alternative
flow

Terminate

Wait for
user

Broadcast
DB or API
event

Wait for
API




Set of proposed symbols

it

B

»

>

¢

Wait for
timeout

Subprocess

Send
email

Wait for
DB event

Decision

9

X

. 4

Custom
logic

Alternative
flow

Terminate

Wait for
user

Broadcast
DB or API
event

Wait for
AP|




BPT - Evaluation Process

Old BPT

Analysis of \ Interview Ana! pas
w . Physics of
usage data - BPT users .
- ) Notation

New BPT Proposal

Prototyping |
experiment : Proposed ‘

ﬁ Symbolisation |
‘ y ) symbol set

experiment

) Stereotyping / 1
Analysis

Analysis

: Semantic | [ Usability and Cognitive |
‘ transparency H Comparison }—-@

.__experiment ' | Original vs. Proposed BPT




Semantic Transparency and Comparison

Table 1: Hit rate
Construct Original Stereotype Prototype Proposed

Wait for timeout 1.00 3 1.00 .80
Run subprocess 40 .20 .60 .20
Start process 40 1.00 .80 .60
Send email .80 1.00 1.00

Wait for DB event .20 1.00 1.00 .80
End process 40 .20 1.00 .60
Decision 40 ! .60 .60
Custom logic 0 0 .60 40
Alternative flow .0 40 ! .60 Run %ubprocess
Fork 0
Join .0
Terminate .20
Wait for user .60
Wait for API call .20
Broadcast DB event 0

ISO Threshold

Hit Rate

Original BPT  Stereotype BPT Prototype BPT Proposed BPT
Concrete Syntax

Mean Hit Rate 31
Standard Deviation 31




Thank youl!




Exercise: answer to the following questions:

1 Who are the users of your DSL?

2 What is the context of use?
a) When is it supposed to be used, and how?
b) Is the language for internal use or external?
¢ What do the users want to express?

3 User Stories? (with user role, goal and
acceptance criteria)

4 How would you plan your Empirical study?

55 What are the independent and dependent
variables?

o What metrics would you use? g ... st moams,..
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