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Usability Engineering Principles 

1.  Usability can be ‘engineered’ into systems. 
2.  Usability can be quanLfied. 
3.  Usability requirements can be quanLfied 
4.  Usability design and architecture can be quanLfied, 

esLmated and measured 
5.  Usability levels can be measured and tested 
6.  Usability can be delivered incrementally 
7.  Usability needs depend on many factors 
8.  Usability must be architected, not hacked 
9.  Usability must be led and driven by management as a top 

level requirement 
10.  Usability is a systems engineering discipline 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Usability Engineering Principles 
•  Usability 

–  all aspects of human interaction with a system   
•  Engineering is 

• an Evolutionary Process,  
• using practical Principles,  
• in order to determine, 
• and identify the Means to deliver,  
• the best achievable Performance and Cost levels balance,  
• for optimal Stakeholder satisfaction,  
• in a complex risk-filled environment. 

•  Source: Gilb, Planguage Concept *224  
•  Principle 

–  A principle is a short basic statement,  
–  which summarizes and teaches  
–  basic philosophy  
–  or the pragmatics  
–  of a method.       

•  Source: Gilb,  Planguage Concept *208 
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Principle 1.  
Usability can be ‘engineered’ into systems. 

•  Usability can be architected, engineered, 
designed, and planned 
–  It should not be an accident 
–  It should not be the result of randomly throwing 
popular design ideas at badly defined Usability 
requirements 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Principle 2. Usability can be quanLfied. 

1.  Usability can be expressed with numbers 
2.  Usability numbers allow engineering 

processes 

3.  Usability numbers allow logical evaluaLon of 
designs and of real systems 

4.  Usability numbers can be related to the value 
of given levels of usability 

5.  Numbers communicate usability clearly 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What did the General say? : 
“Soldier-friendly !

Mobile Telephone”!

General Norman Schwartzkopf 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Soldier friendliness:  a few of 50 iniLal 
interpretaLons from a supplier –REAL!  
•  Easy to use 
•  Not too heavy 
•  Always working 
•  Allows use in the field,  

–  by people without (higher) 
technical educaLon,  

–  dressed in combat ouWits, and  

–  carrying lots of other 
equipment. 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Soldier friendliness 
•  Average Lme for a “normal” soldier to learn 
how to use the 5 most important funcLons. 

•  Light weight, small size (pocket), shock‐, 
water‐, temp‐ resistant 

•  Ease of use 
•  Independent of light condiLons 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Soldier friendliness 

•  Covers the soldiers need 
for fast and correct 
acLons. 

•  A reliable system that is 
easy to use in the dark. 

•  Easy to handle without 
looking 

•  Easy to carry (whatever 
that implies) 

•  Rugged 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Soldier friendliness 
•  Could be carried by one 
soldier 

•  Allows use in the field, by 
people without (higher) 
technical educaLon, 
dressed in combat ………and 
camping lot’s of other 
equipment.  

•  Easy to transport and <use> 
in a <soldier environment> 

•  Usable in field 
May 19, 2009 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Soldier friendliness 

•  Light 
•  Comfortable 
•  Dependable 
•  Accurate 
•  ? 
•  Ergonomic 
•  Rugged 
•  ? 
•  Easy to use 
•  Light 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Soldier friendliness 

•  System accessibility under any condiLons, 
with environmentalist approval. 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Soldier friendliness 
•  Speed to figure out how 
to make a call with the 
system 

•  Can be easy fixed, outside 
the clothes 

•  Not heavy 
•  Easy to handle, if with 
clothes on * 

•  Easy to hear, but should 
not be recognised by the 
enemy 

* implicaLon: if soldier is naked, it can be ‘difficult to handle the phone’. May 19, 2009  15 © 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Soldier friendliness 

•  Robust 
•  Trustable 
•  Water‐proofness 

•  Long Lme power supply 

•  Solid 
•  Camouflage colour 

•  Can take a beaLng 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Soldier friendliness 

•  Ease of learning 
•  Ease of use 
•  Ease of maintaining 
•  Safety 
•  Extreme Availability 
•  Not traceable 
•  Not breakable 
•  Long standby‐Lme 
•  Long Distance available 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Soldier friendliness 

•  Easy to use in dark 
•  Water proof 

•  Impact proof 

•  Camouflage Coloured 

•  No “fancy” funcLons  
i.e.. Just call buuon 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Soldier friendliness 

•  Easy operable 
•  Idiot proof 
•  Easy cleanable / 
maintainable 

•  The soldiers can use the 
phone with one hand in the 
dark 

•  Equipment can be operated 
with gloves on 

•  Can be used under stress 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Principle 3.  
Usability requirements can be quanLfied 

•  Puwng numbers on variable requirements is 
a major step in the engineering process 

•  If you don’t use numbers, just nice 
PowerPoint words, call it ‘Systems Poetry’ 

–  Not Systems Engineering” ! 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Simple Real QuanLfied Usability 
Requirement (Confirmit Case, Oslo, 2003‐9) 
•  Usability.ProducEvity   

– Scale: Time in 
minutes to set up a 
typical specified 
Market Research‐
report 

– Past: 65 mins.,  
– Tolerable: 35 mins.,  
– Goal: 25 mins. * 

•  Meter: Candidates 
with Reportal 
experience and with 
knowledge of MR-
specific reporting 
features perform a set 
of predefined steps to 
produce a standard 
MR Report  

* Reached 20 minutes on first a[empt 
Trond Johansen, R&D Mgr 

Roots 2009 Slides   hup://www.gilb.com/Lki‐download_file.php?fileId=278 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Case  Erieye So|ware 
A more‐complex real example 

•  Ericsson Sweden 
•  Mini AWACS‐type system 

•  IniLated about 1995 (TG Consultant) 
•  Step 30 of 50 done 1998 
•  Project Manager Leif Nyberg,  Luleå, Sweden 

May 19, 2009  22 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QuanLfying Usability (Erieye C&C System) 
QUALITY

USABILITY WORK-CAPACITYADAPTABILITYAVAILABILITY

INTUITIVENESS INTELLIGIBILITY

Intuitiveness
GIST: Great intuitive capability
SCALE: Probability that  intuitive guess right.
METER: <100 observations.>
PAST [GRAPES] 80% <-LN
RECORD [MAC] 9%?<-TG
Fail [TRAINED, RARE] 50-90%
Goal [TASKS] 99% <-LN

Intelligibility
GIST: Super ease of immediate understanding
SCALE:% OK interpretations.
METER: 10 ops., 100 infos, 15 mins.
P:PAST[20 ops., 300 info, 30 min.]99%
RECORD [P] 99.0%
Fail [DELIVERY[1]]99.0%<-MAB

[ACCEPTANCE] 99.5%
Goal [M1] 99.9% <-LN

AND MORE!

TRAINED: DEFINED:C&Ctl. operator, approved course, 200 hours duration.
RARE: DEFINED: types of tasks performed less than once a week per op.
TASKS: DEFINED: onboard operator distinct tasks carried out.
ACCEPTANCE: DEFINED: formal acceptance testing via customer contract.
DELIVERY: DEFINED: Evolutionary delivery cycle, integrated and useful.

May 19, 2009  23 



Requirements Done on 1st day of Erieye 1 of 3 
The top level view of about 7 elementary  dimensions 

USAB:USABILITY:            

AmbiEon: Operator ease of learning & doing tasks under <all condiLons> 
should be maximum possible  ease & performance with minimum training 
& minimum <unchecked error> possibility. 

TRAINED: DEFINED : Command and Control Operator onboard, who has 
been through approved training course of at least 200 hours duraLon. 

RARETASKS: DEFINED: types of tasks performed by a single operator less 
than one a week average.  

TASKS DONE: DEFINED: Onboard operator disLnct tasks carried out. 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GREEK EriEye 
Saab Argus 100H during its short service with HAF 

hup://hafcphotos.cs.net/view/gp.cfm?photoid=141961&type=3 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Erieye 2 of 3, IntuiEveness Requirement, an 
elementary component of Usability 

INTUITIVE:      USAB.INTUITIVENESS 
AmbiEon: High probability in % that operator will <immediately> within a specified 

Lme from deciding the need to perform the task (without reference to handbooks 
or help facility) find a way to accomplish their desired task. 

Scale: Probability that an <intuiEve>, TRAINED operator will find a way to do 
whatever they need to do, without reference to any wri[en instrucEons (i.e. on 
paper or on‐line in the system, other than help or guidance instrucEons offered 
by the system on the screen during operaEon of the system) within 1 second of 
deciding that there is a necessity to perform the task. <‐‐ MAB "I'm not sure if 1 
second is acceptable or realisLc, it's just a guess" 

Meter:  To be defined. Not crucial this 1st dra| ‐ TG 
Past   [GRAPES] 80% ?  LN 
Record  [MAC] 99%?  TG 
Fail   [TRAINED, RARETASKS [{<1/week,<1/year}] ] 50 ‐ 90%? MAB 
 Goal   [TASKS DONE [<1/week (but more than 1/Month)]] 99% ? LN 

   [TASKS DONE [<1/year]] 20% ? ‐ JB 
   [Turbulence, TASKS DONE [<1/year] ] 10% ? ‐ TG 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Erieye 3 of 3 Intelligibility Requirement 
INTELL: USAB.INTELLIGIBILITY:  “synonym tags, USAB is defined above”    

Ambition :High ability to <correctly> interpret meaning of a [set] of <inputs>  by the operator. 

Scale:  Probability in % of <objectively correct> interpretation(s) of a defined [set] of 
information within [defined time limits] 

Meter     [ACCEPTANCE] X (10) trained operators, Y (100) <representative> sets of information 
per operator within 15 minutes. ?       MAB  
  "Not sure if the 15 minutes are realistic”. "this is a client & contract determined detail" 

M1: Past :  [XXX, 20 trained operators, 300 data sets in 30 minutes] 99.0%  <-- 
Acceptance test report  from XXX. MAB 

Record [XXX] 99.0%        "None other than XXX known by me" MAB 

Fail [DELIVERY CYCLE [1]   ] 99.0% ? MAB 
Fail [ACCEPTANCE] 99.5% ? MAB 

Goal        [M1 "parameters as above"] 99.9%   LN 

  ACCEPTANCE: DEFINED: formal acceptance test, as defined by our contract with a particular 
customer. 

   DELIVERY CYCLE: DEFINED: Evolutionary result delivery cycle. Integrated, useful. 
May 19, 2009  27 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Leif Nyberg: Erieye Project Manager 

• “We have worked a lot on gewng beuer 
requirements  
• e.g. by educaLng the customer, 
educaLng project members etc. on how 
important the quality of these 
requirements are. 
This has been possible to do by using 
results, and metrics, from earlier 
deliveries, and showing this to them”. 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Norwegian Post Office Case 2009 Kai Gilb 

hup://www.gilb.com/Lki‐download_file.php?fileId=277 May 19, 2009  29 © www.gilb.com 



Principle 4. Usability design and architecture  
can be quanLfied, esLmated and measured 

•  The ONLY point of any type of design is to help 
engineers reach defined objecLves (within 
defined constraints) 

•  If you CANNOT make reasonable esLmates, and 
reasonable measurements of the effects of 
designs – THEN YOU DON’T HAVE ANY IDEA 
WHAT YOU ARE DOING – and you should not do 
it in public – and call it ‘engineering’ 

–  Call it ‘Systems Poetry’ , and become an arLst! 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DoDef. Persinscom Impact EsLmaLon Table:  

Requirements 

Designs 

R D Impacts 

May 19, 2009 Slide 31© www.gilb.com 
Source: Gib,  CE book,  page 284. Persinscom US Army Personnel System.
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THE PRINCIPLE OF ’Design QUANTIFICATION' 

• All critical system design, performance and cost factors 
can be expressed quantitatively 

• Quality factors like Usability are no exception  ! 

"In physical science the first essenEal step in the direcEon of learning 
any subject is to find principles of numerical reckoning and pracEcable 
methods for measuring some quality connected with it.  

I ooen say that when you can measure what you are speaking 
about, and express it in numbers, you know something about it; 

 but when you cannot measure it, when you cannot express it in 
numbers, your knowledge is of a meagre and unsaEsfactory 
kind; 

 it may be the beginning of knowledge, but you have scarcely in your 
thoughts advanced to the state of Science, whatever the ma[er may 
be.”  

Lord Kelvin, 1893 
from 

h[p://zapatopi.net/kelvin/quotes.html 



Principle 5. Usability levels can be measured and tested 

‘QuanLficaLon’ is NOT =  
Measurement and TesLng 

May 19, 2009  33 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EVO ‐ 2, project step planning and accounLng:  
using an Impact EsLmaLon Table 

•  IET for MR Project – Confirmit 8.5 
•  SoluEon: Recoding 

–  Make it possible to recode variable on the fly from Reportal.  
–  EsLmated effort: 4 days 
–  EsLmated ProducLvity Improvement: 20 minutes  (50% way to Goal) 
–  actual result 38 minutes (95% progress towards Goal) 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EVO Plan Confirmit 8.5 
4 more product areas were auacked concurrently 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Principle 6. Usability can be delivered incrementally 

1.  Every week or so 
2.  Most criLcal types first 

3.  Learn rapidly what works for real 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EVO ‐ 2, project step planning and accounLng:  
using an Impact EsLmaLon Table 

•  IET for MR Project – Confirmit 8.5 
•  SoluEon: Recoding 

–  Make it possible to recode variable on the fly from Reportal.  
–  EsLmated effort: 4 days 
–  EsLmated ProducLvity Improvement: 20 minutes  (50% way to Goal) 
–  actual result 38 minutes (95% progress towards Goal) 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Confirmit’s ‘Evo’ week cycle  
                 
 
 
 

Development Team  
Users (PMT, Pros, Doc 

writer, other)  
CTO (Sys Arch, Pro cess 

Mgr)  
QA (Configuration 

Manager & Test 
Manager)  

Friday   PM: Send Version N detail 
plan to CTO + prior to 
Project Mgmt meeting  

 PM: Attend Project Mgmt 
meeting: 12.0 0-15.00  

 Developers: Focus on 
genereal maint enance 
work, documentation.  

 

  Approve/reject 
design & Step N  

 Attend Project Mgmt 
meeting: 12 -15  

 Run final build and 
create setup for 
Version N -1. 

 Install setup on test 
servers (e xternal 
and inte rnal)  

 Perform initi al 
crash t est and then 
release Ve rsion N -1 

 
Monday  
 

 Develop test code & code 
for Version N  

 

 Use Version N -1  
 

  Follow up CI  
 Review test plans, 

tests  
Tuesday   Develop Test Code & 

Code for Version N  
 Meet with users to Discuss 

Action Taken Regarding 
Feedback  From Version N -
1 

 Meet with develo pers 
to give Fee dback  and 
Discuss Action Taken 
from previous actions  

 System Architect to 
review code and test 
code  

 Follow up CI  
 Review test plans, 

tests  
 

Wednesday   Develop test code & code 
for Version N  

 

   Review test pl ans, 
tests  

 Follow up CI  
Thursday    Complete Test Code & 

Code for Version N  
 Complete GUI tests for 

Version N -2 
 

   Review test plans, 
tests  

 Follow up CI  
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EVO’s impact on Confirmit product qualiLes  

•  Only highlights of the impacts are listed here 

Description of requirement/work task Past Status 

Usability.Productivity: Time for the system to generate a survey 7200 sec 15 sec 

Usability.Productivity: Time to set up a typical specified Market Research-
report (MR) 

65 min 20 min 

Usability.Productivity: Time to grant a set of End-users access to a Report 
set and distribute report login info. 

80 min 5 min 

Usability.Intuitiveness: The time in minutes it takes a medium experienced 
programmer to define a complete and correct data transfer definition with 
Confirmit Web Services without any user documentation or any other aid 

15 min 5 min 

Performance.Runtime.Concurrency: Maximum number of simultaneous 
respondents executing a survey with a click rate of 20 sec and an response 
time<500 ms, given a defined [Survey-Complexity] and a defined [Server 
Configuration, Typical] 

250 users 6000 
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Confirmit 9.0 and product qualiLes 
•  Theme for 9.0:  

–  Extend usage in large corporaLons,  
–  hence focus on usability, intuiEveness, easy to learn  

–  Market Research:  
•  Support for large panels, up to 200 000 panellists.  
•  Improve producLvity in general for those who work with such large panels 

–  Improve throughput  
•  for users that receive reports with more than 1 000 000 responses 

–   (important for large corporaLons; HP, Microso|, Accenture etc) 

Description of requirement/work task Past Status 
11.09 

Goal 

Usability.Intuitiveness: Probability that a defined User can intuitively 
figure out how to do a defined Task correctly (without any errors needing 
correction) 

30% 45% 80% 

Panel.Scalability: Maximum number of panelists  that the system can 
support within a timeframe of 120 seconds for creating a sample of 50 000, 
with all components of the panel system performing acceptably. 

30,000 500,000 200,000 

Performance.DataVolume: Numbers of survey responses that can be 
handled by Reportal. Tables should be generated within 5 seconds. 

20,000 500,000 500,000 



Principle 7. ‘Usability needs’ depend on many factors 

1.  There are many different Usability stakeholders, for example 

1.  Novice user 
2.  Professional user 
3.  Help desk advisor 
4.  Potential customer  
5.  Course participant 

2.  Who have a variety of usability needs, for example 
1.  Learning 
2.  Doing 
3.  Understanding 
4.  Helping others 
5.  Complaining and feedback 

3.  Under a variety of usability circumstances, for example 
1.  Home office 
2.  Offshore users 
3.  Non native to interface language 
4.  High pressure and high volume work 
5.  Exceptional circumstances, no experience May 19, 2009  41 © www.gilb.com 



So, we need to analyze and specify 
these needs – example in Planguage 

•  Learning Time: 
•  Scale: minutes to learn defined Tasks, by 
defined Users for defined Cases. 

•  Goal [Deadline = Version 2.0, Task = All Daily, 
Users = Novice, Cases = Teach Oneself] 60 
minutes. 

•  Fail [Deadline = Version 3.0, Task = Emergency 
Restore, Users = Professional, Cases = Local 
Site Failed] 30 minutes. 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Internal Stakeholders for Usability 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Usability: decomposed into quanLfiable elementary measures 
•  Usability:  

•  Type: Complex Quality Requirement.  
•  Includes {Entry Conditions, Training Requirement, Computer Familiarity, Web Experience Level, 

Productivity, Error Rate, Likeability, Intuitiveness, Intelligibility}.  

May 19, 2009  44 © www.gilb.com 



Usability: decomposed into quanLfiable elementary measures 
•  Usability:  

•  Type: Complex Quality Requirement.  
•  Includes {Entry Conditions, Training Requirement, Computer Familiarity, Web Experience Level, 

Productivity, Error Rate, Likeability, Intuitiveness, Intelligibility}.  

•    
•  Entry Conditions : Scale: <Grade Level of User>.  
•  Training Requirement:   Scale: Time needed to read <any instrucLons> or get <any help> in 

order to perform defined [Tasks] successfully. 
•  Computer Familiarity:  : Scale: Years of <experience with computers>. 
•  Web Experience Level : Scale: Years of <experience with using the web> 
•  Productivity: Scale: Ability to correctly produce defined [Work Units: Default: Completed 

Trans‐ acLons].  

•  Error Rate: Scale: Number of Erroneous TransacLons requiring correcLon each <session>.  
•  Likeability:  Scale: OpLon of <pleasure> on using the system on scale of ‐10 to +10. 
•   Intuitiveness:  : Scale: Probability that a defined [User] can intuiLvely figure out how to do a 

defined [Task] correctly (without any errors needing correcLon). 
•   Intelligibility:  : Scale: Probability in % that a defined [User] will correctly interpret defined 

[Messages or Displays]. 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Principle 8.  
Usability must be architected, not hacked 

•  If the Usability requirements are not well 
formulated  (quanLfied, well defined, relevant 
to stakeholders) THEN THE ARCHITECT HAS NO 
RELEVANT INPUT TO WORK FROM! 

•  The architecture has to be about big 
framework (for designers) ideas 
– The impact of these architecture ideas should be 
esLmated, based on experience 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Strategy Impact EsLmaLon:  
for a $100,000,000 OrganizaLonal Improvement Investment 



Principle 9.  
Usability must be led and driven by management 

 as a top level requirement 

•  Like Steve Does!!! 

•  Not like our old Bill 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Summary of Top ‘8’ Project ObjecLves 

•  Defined Scales of 
Measure: 
–  Demands 

compara6ve 
thinking. 

–  Leads to 
requirements that 
are unambiguously 
clear 

–  Helps Team be 
Aligned with the 
Business 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1. Central to The Corpora;ons business strategy is to be the world’s premier 
integrated  <domain> service provider. 

2. Will provide a much more efficient user experience 

3. Drama;cally scale back the 6me frequently needed aIer the last data is 
acquired to ;me align, depth correct, splice, merge, recompute and/or do 
whatever else is needed to generate the desired products 

4. Make the system much easier to understand and use than has been the case 
for previous system. 

5. A primary goal is to provide a much more produc6ve system development 
environment than was previously the case. 

6. Will provide a richer set of func;onality for suppor6ng next‐genera;on logging 
tools and applica;ons. 

7. Robustness is an essen;al system requirement (see rewrite in example below) 

8. Major improvements in data quality over current prac;ces 

Real Example of Lack of Scales 

This lack of clarity cost them $100,000, 000 



What the CIO Director Told Me 

“In 1998 I voted to veto 
this project start 
because the requirements 
were insufficient. 

But I was overruled by 
the other directors 
(including the current 
CEO)” 
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3. Much easier to understand and use 

A critical requirement 
for HORROR’s success is 
to make the 
software much 
easier to 
understand and 
use than has been the 
case for previous 
CORPORATION MINE 
software.   
Benefits of this requirement include 

 reduced training time, better utilization 
of system features 
 and fewer operational errors.  

 As an aid in achieving this objective, HORROR 
has adopted a new use-case centric 
development process, 

 which makes the users and their use of the system a focal 
point of the development   
 The intent is to design for and evaluate usability continually 
during the development process rather than fixing it at the 
end. 

(And it goes on about processes and designs) 

• Gilb Comment: essentially same criticism 
as above.  This concept could be defined 
quantitatively (See Usability, Gilb CE 
Chapter 5, www.gilb.com download). 
•  #‘To understand’  needs definition 
(scale) and ‘much easier’ needs 
specification of numeric points on the scale 
for various users and tasks. 
•  #The rest of the requirement makes the 
systemic mistake of diving into specific 
design detail (“Minimized panes., 
Docked and undocked panes, Product 
generation console” for example). 
•  These are badly defined, and badly 
justified designs for an undefined problem.  
• We would end up building them into the 
system and there is no guarantee that we 
would end up getting the ‘operational 
efficiency’ we need ( since we have not even 
decided what we want!). 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•  All criLcal stakeholders 
•  All related processes, and 
components  
–  subsystems  
–  and suprasystems 

•  Not just the so|ware 
•  Not the hardware 
•  Training 
•  MoLvaLon 
•  Service 
•  Long Term Change and Growth 
•  The whole wax works 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May I simplify? 

•  Usability 
– Quantify 

• Be clear! 

– Design 
• Be imaginative 

– Verify 
• Learn fast 
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