
Engineering for Humans: 
Introduction
ELEC-D7010
April 20, 2021
Antti Oulasvirta
Aalto University



Hi!
I lead the User Interfaces group at the Aalto University 
School of Electrical Engineering. I’m also part of FCAI, 
the Finnish Center for Artificial Intelligence (fcai.fi)

userinterfaces.aalto.fi

...in order to improve
user interfaces for human use

We model human performance in 
human-technology interaction

... and develop new algorithmic 
principles of design and interaction
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Motivation
In random order
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Understanding users is a top 3 reason 
for failure/success of IT projects
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[Miettinen et al. 2011]

Also: 10-30% of R&D 
budgets goes to user 
interfaces (2021) 



Design of technology affects well-being
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Humans are beyond intuition

Can you read this?
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Aoccdrnig to  rscheearch at Cmabrigde Uinervtisy, it 
deosn't mttaer in waht oredr the ltteers in a wrod are, 
the olny iprmoetnt tihng is taht the frist and lsat ltteer
be at the rghit pclae. The rset can be a total mses and 
you can sitll raed it wouthit porbelm. Tihs is bcuseae
the huamn mnid deos not raed ervey lteter by istlef, 
but the wrod as a wlohe.



Find the Calendar icon:

+

People are 
different



Good design reduces complexity

20.4.2021
10



Poor design is a cause of death
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Design impacts a large number of people
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Legal responsibility
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Reduce development costs
The later you account for human factors, the more it costs
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HSI Practitioner’s Guide 

 
1-9 

Expanding on this last point, as noted earlier, the DoD made HSI mandatory when faced with 
alarming, unanticipated cost escalation in deploying new weapon systems.  Much of the 
unexpected cost growth was due to personnel costs in systems’ operations phase—i.e., it took 
more people and more advanced skills to operate, maintain, and logistically support systems than 
was planned.  Faced with the awareness of cost growth in the human elements needed to make 
and keep systems operational, HSI was seen as a methodology to focus on systems’ full LCCs—
conception through operations—starting at the outset of new programs and projects.  Figure 1.4-
2, based on a figure from the INCOSE Systems Engineering Handbook (2007), shows that LCC 
of a program or project are “locked in” early in programs or projects.   

Although this early pre-determination of systems’ LCC may apply to any element of systems’ 
design whose consideration is neglected in the early P/P, it is particularly noteworthy for HSI, 
since hardware and software system designers quite often focus on technology development to 
the detriment of considering the human elements of a system.  A discussion of the LCC effects of 
HSI is contained in section 4.4.9 of this HSIPG . 

 

Figure 1.4-2 Life Cycle Cost with Overlay Showing “Locked-in” Costs 
  

“Locked in costs”



Fight dark patterns
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Dark patterns 2: advertisements
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Innovate new experiences

20.4.2021
17Microsoft IllumiRoom



Reinvision work practices



Compete with usability
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Improve performance
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Illuminate emerging human-related 
phenomena
Case in point: Zoom fatigue
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Human factors engineering is part of 
modern innovation

22
Ben Shneiderman



Summary: Why study human factors?

1. Increase efficiency, enjoyability, and robustness of technology
2. Avoid catastrophies and loss of life
3. Offer proofs and guarantees for design
4. Improve the hit rate of user-centered design
5. Reduce development time of ICT
6. Harness new technological innovations quicker



Human factors 
engineering

20.4.2021
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Human is the criterion for decisions

Human factors starts from human needs, limitations, and capabilities

• Perception
• Attention
• Motor control
• Reasoning
• Sensory capabilities
• Working memory
• Long-term memory and learning
• Biomechanics and anthropometrics
• Needs, motivations
• ...

20.4.2021
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Formulate measurable objectives 
related to people

Key objectives for engineering
Improve effectiveness 
Improve efficiency
Improve safety
Improve satisfaction
Improve experience
Decrease errors 
Reduce fatigue
Reduce the learning curve
Ensure operability and usability
Meet user’s needs and wants
Positive perception of product



This course: Key design goals

Product fit
• Does the product meet the users needs and expectations?  Are the right features 

included, do they—and can they—use those features?
Errors
• Objective measure provided by the overall task error rate and the frequency and severity 

of the error.  How many users make mistakes and are they able to recover?  
Efficiency
• Objective measure yielded by time on task.  How long does it take the user to complete 

the task?  Often correlated with satisfaction.
Satisfaction
• Satisfaction measures are subjective measures provided by the user.  
Learnability
• How easy the system is to learn.  Can be expressed by a learning curve and typically is 

associated with error and efficiency rates over time to show trending 20.4.2021
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A multi-disciplinary field

Human Factors Engineering (HFE) 
• Integrates human considerations within the system 

development process 
• A comprehensive, multidisciplinary, technical and 

management process
• Ensures that the human contribution toward system 

performance is consistently addressed throughout the 
system life cycle



Beyond luck and intuition

Understanding: Identify factors behind human performance, 
error, behavior and experience
Analysis: Identify solutions with desirable properties
Quality guarantees: Offer guarantees for solutions, implement 
them in standards and methods
Insight: Facilitate idea-generation



Multiple levels of analysis

20.4.2021
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107 (months) SOCIAL Social Behavior
106 (weeks)
105 (days)
104 (hours) RATIONAL Adaptive Behavior
103 

102 (mins)
101 COGNITIVE Immediate Behavior
100 (sec)
10-1

10-2 BIOLOGICAL Physiological events
10-3 (msec)
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A human-centred design process

Define Context Specify Requirements

Create DesignEvaluate Design

Design Complete

Identify Need

There are 4 fundamental steps to the process:
• Define the context of use: what are the tasks or objectives associated with the design.
• Specify requirements:  what expectations or requirements must the design 

accommodate
• Create design solutions: prototyping, rendering, mockup building
• Evaluate designs: modeling, usability testing, and ergonomic assessment

NASA’s Human Factors Process



Example: NASA’s HFE process

a. Operation and scenario development
b. Task analyses
c. Function allocation between humans and systems
d. Allocation of roles and responsibilities among humans
e. Iterative conceptual design and prototyping 
f. Empirical testing, e.g., human-in-the-loop, testing with 
representative population, or model-based assessment of human-
system performance 
g. In-situ monitoring of human-system performance during flight. 
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Models and simulations example: 
Distract-r

Dario Salvucci



This course

1. Design as problem-solving: Finding the best solution for a given 
problem definition systematically, either via models or via empirical 
research

2. Models and theories of human performance

3. Empirical methods for evaluating designs

20.4.2021
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Course 
organization
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Learning objectives

First touch with human factors engineering

1. Understand basic human factors, behavior and experience
2. Formulate tractable questions concerning design
3. Solve them using models, theories, and empirical methods
4. Analyze the strengths and weaknesses of solutions
5. Gather information to assist in analysis
6. Assess design solutions critically
7. Familiarize with standards and processes (more on other courses)
8. Learn to learn



Example student project: HSL card 
reader redesign case 2017
[PDF]
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Activities overview

Lectures
Tuesdays 10.15am-12pm (Zoom)
Thursdays 12.15pm-2pm (Zoom)

No dedicated exercise sessions (contrary to Oodi)!

Assignments: Typically 1 mandatory and 1 optional per lecture
Released Tuesday evening à Due by following Mon at 21.59
Released Thursday evening à Due by following Wed at 21.59

20.4.2021
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Course participation

Lectures: mandatory (up to 3 absences are OK)

Assignments: 1 mandatory task per lecture worth 5 points, 
1-2 optional tasks (each 5 points)

Readings are optional unless otherwise mentioned

Exam is mandatory. Materials announced in early May

20.4.2021
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Grading (1-5)

Exam (40%):
Maximum 50 points
Minimum for passing: 20 points

Assignments (60%):
Maximum: 100 points
Minimum for passing: 40 points

Note
• Points cannot be moved between categories

20.4.2021
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About assignments

• One assignment sheet per lecture, consisting of one mandatory 
and 1-2 optional tasks (each 5 points)

• Types: design problems, theoretical problems, numerical problems, 
empirical tasks, (maybe) essays

• Points you can earn per lecture: 0-10 or 0-15
• If you miss an assignment or get a poor score, that’s fine!

You can compensate by doing optional tasks
• All submissions via MyCourses: Deadline always at 21.59
- We recommend submitting in advance due to issues with last minute congestion

• Grades will appear in MyCourses (after 1-2 weeks)

20.4.2021
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Tips for assignments

Start early, don’t leave this to the last hours. Ensure you have tried a 
solution
Pre-allocate sufficient time each week for assignments
Choose optional assignments by assessing (critically) which you 
can solve within your time budget
Report your solutions well!
Try hard. If you bump into an obstacle, you can:
• Email teachers
• Give up early and do some other task

Note that assignments will take a bit more time in the beginning of 
the course

20.4.2021
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Exam (MyCourses)

Duration: 3 hours
Readings will be announced in early May in MyCourses
Scoring: Max 50 points, minimum for passing: 20
Tasks: 10 tasks, one per page, 5 points each 
Types: definitions, essays, identifications, analyses, and simple 
numerical tasks. Focus on conceptual understanding and 
applications
Grading: 0-5 per task. Answers must base on course materials 
only. Story-telling will be penalized
Equipment: An open book exam
We will do a practice exam in May

20.4.2021
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Course policies 1/2

• ALL EXERCISES are to be done on your own. Do not do 
them in pairs or groups.

• PLAGIARISM: In cases of plagiarism, we will follow the policy of 
Aalto University. While we recommend talking with other 
students and learning from the Internet, exercise solutions must 
be executed individually and by the student. The student must 
be ready to explain his/her solution when requested.

20.4.2021
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Course policies 2/2

• INACTIVITY: A student who is inactive for two or more weeks may 
be removed from the course. Students who have already reached 
the assignment point minimum are exempted.

• DEADLINES: Please observe the deadlines for returning the 
exercises. No extensions will be granted.

• EQUIVOCATION: When grading exercises and exams, we may 
punish for "fishing" points by equivocating in answers. If you do 
not know the answer, just say so.

20.4.2021
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Changes from last year

One lecture changed
Some materials have been dropped
Changes in guest lecturers

20.4.2021
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Fails and Epic Fails
ELEC-D7010 Engineering for Humans
Antti Oulasvirta
Aalto University



Learning objectives

1. Epic Fails
And how design 
heuristics would 

have stopped 
them

Knows and can apply 
basic design 

heuristics



When Design Fails
20.4.2021
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Trivial design failures are unacceptably 
too common
In the following, I will
• Present cases of desing failures, asking for your input on what 

went wrong
• Present design heuristics that would have fixed these issues

Heuristics, or rules-of-thumb, describe good practices and 
objectives in design
• ”Design wisdom” in a verbal, actionable form
• We will see many of them later...



Warm-up: What was wrong with this 
UI?
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Conflicting cues
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Indistinguishable
controls
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Poor mapping
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Functionality
creep
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Confusing
affordances
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Disregard of
human error
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Poor visibility
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Mode errors
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Double negatives
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Complex
error recovery
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Confusing
metaphors
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Clutter
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Learning
overhead
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Distraction
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Random order
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Poor 
gestalt (grouping)
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Unclear
icons



Too high latency
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Fatiguability
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UI helper
personnel

20.4.2021
75



UI explanation
stickers
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How will you die?
20.4.2021

78



Human error

• An inappropriate or undesirable human decision or 
behavior that reduces or has the potential to reduce 
effectiveness, safety, or system performance
• A human action/decision that exceeds system 
tolerances
•”An action is taken that was ‘not intended by the actor; 
not desired by a set of rules or an external observer; or 
that led the task or system outside its acceptable limits”

(Senders & Moray, 1991, p. 25 as cited in Proctor & van Zandt, 1994, p. 43).



How will you die?

20.4.2021
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Note: This claim –
originally 
published in BMJ 
2013 - has been 
contested on 
methodological 
grounds



Therac-25 Medical Accelerator - 1985-7
“An operator involved in an 
overdose accident testified 
that she had become 
insensitive to machine 
malfunctions. Malfunction 
messages were 
commonplace, most did not 
involve patient safety. Service 
technicians would fix the 
problems or the hospital 
physicist would realign the 
machine and make it operable 
again.”

http://courses.cs.vt.edu/professionalism/Therac_25/Therac_1.html



Three Mile Island accident - 1979
“Despite the valve being 
stuck open, a light on the 
control panel ostensibly 
indicated that the valve 
was closed. In fact the light 
did not indicate the position 
of the valve, only the status 
of the solenoid being 
powered or not, thus giving 
false evidence of a closed 
valve. As a result, the 
operators did not correctly 
diagnose the problem for 
several hours.”



Grounding of Royal Majesty - 1995

“The watch officers may have 
believed that, because the GPS had 
demonstrated sufficient reliability over 
3 years, the traditional practice of 
using at least two independent 
sources of position information was 
not necessary. All the watch standing 
officers were overly reliant on the 
automated position display of the 
NACOS 25 and were, for all intents 
and purposes, sailing the map display 
instead of using navigation aids or 
lookout information.”

20.4.2021
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102 • Asaf Degani

Figure 8.2.   The chart table and the bridge. The left arrow points to the GPS unit, the right arrow points 
to the LORAN-C unit. Source: National Transportation Safety Board (the photo has been enhanced).

waves. The roof above the bridge of a vessel is called the ‘‘flying bridge.’’
Passengers were never allowed to walk on the roof, and the officers hardly
ever used it during a passage, but electricians and technicians would climb
up there on a fairly routine basis to check the cables and maintain the GPS
and LORAN-C antennas. The Majesty’s flying bridge was just like any
other—a low railing all around, antennas of all sorts, satellite receiving
domes, and bundles of connecting wires—except that the gray coaxial cable
coming out from the closed bridge and leading to the antenna of the global
positioning system was hanging loose; it wasn’t sufficiently secured or
strapped to the flying bridge’s roof.

The departure from Bermuda was normal. On the bridge, the officers were
busy bringing all the necessary systems on line, checking their critical
functions and alarms, reading the weather charts, setting the watches, and
examining the sailing plans and nautical charts. Just before noon, while the
buffet lunch was being served in the dining halls, the ship departed the
Ordnance Island terminal. The bridge was busy with the captain, harbor
pilot, and officers conning the ship, taking orders, and maneuvering the ship
in the small harbor. Outside, lookouts on both sides of the bridge were
guarding her flanks for any unforeseen or unusual circumstances. Com-
mands and directions were given with authority, and she began to move and
turn smoothly with her bow thrusters and main engines. Now, with her stern
to the terminal and her bow to the northeast, she slowly glided on her own

The Grounding of the Royal Majesty • 119

Figure 8.7.  The Royal Majesty, grounded on Rose and Crown Shoal and surrounded by two tugs and
a Coast Guard cutter (source: National Transportation Safety Board).

shoal, resting on her right side, showing her dark red bottom, like a matronly
aunt caught with her pants down (figure 8.7).

End of Story

All attempts to pull back from the hold of the shoal failed. By midnight, the
captain gave up on his efforts to free the ship by using the engines’ forward and
reverse thrust. Ironically enough, it was a passenger with a cell phone that
alerted the United States Coast Guard to the Royal Majesty’s grounding. Upon
the Coast Guard’s radio call, the captain confirmed his situation and requested
assistance. At noon the next day, two ferryboats that were chartered by the
shipping company arrived on the scene. But the plan to off-load the passengers
into the ferries was canceled because the sea conditions were too hazardous. In
the late afternoon, five large tugboats arrived. At 10 P.M., 24 hours after the
grounding, the Royal Majesty was finally pulled out. Her double bottom hull
saved her. She did not take on any water, did not leak fuel, and fortunately,
nobody was hurt. After a thorough inspection she was permitted to travel to
Boston Harbor to disembark the passengers and undergo a more thorough
examination and Coast Guard inquiry. Several days later she left for a shipyard
in Baltimore, Maryland, where she was dry-docked and repaired. Total
structural damage was estimated at $2 million. On June 24, the vessel was
declared safe and resumed regular passenger service.

But something else was definitely not safe—and it was not just the failure of
the GPS antenna, the internal checks inside the autopilot and radar map, or the
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Poor design is a preventable and 
therefore unacceptable cause of death
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Design Heuristics
20.4.2021
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Design Heuristics

Simple rules-of-thumbs for design

Example: “In system error, give a error message that helps the user 
to recover from the error”

“Do this” and “Don’t do this”

Based on personal experience rather than rigorous empirical data

20.4.2021
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Visibility
Feedback
Natural mapping
Affordances 
Constraints



Visibility and Feedback

Heuristic #1: Make relevant parts visible.

Heuristic #2: Give each action an immediate and obvious effect



Visibility and Feedback

Sound can be used to provide similar information.

When the electric engine 
is engaged, the Prius is 
quieter than a vacuum 
cleaner. 



Natural Mappings

Mapping = the relationship 
between two things
Natural mappings can be 
• Cultural 
• Biological
• Spatial 

Heuristic #3: Capitalize on 
the concept of natural 
mappings



Natural Mappings



Natural Mappings



Affordances

Affordance is a property of the object. They provide strong clues to the 
operation of things.
Suggest how the object should be used
• “Verb”-able
Users know what to do just by looking at the object.
• No instructions needed!
Examples
• Door plates 
• Knobs 
• Button



Affordances



Affordances

Heuristic #4: Use the affordances of 
objects to help infer their use



Constraints

Constraints limit how the design can be used
Types:
• Physical
- Square object and round hole 

• Cultural
- Light switches

• Logical
- Order (1,2,3 or a, b, c)

Heuristic #5: Restrict the kind of interaction 
that can take place at a given moment 





Many other heuristics...

Jakob Nielsen’s 10 heuristics

Ben Shneiderman’s Golden heuristics

Several domain and company specific heuristics
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Shneidermann’s 8 Golden Rules

1. Strive for consistency 
2. Cater to Universal Usability (Enable frequent users to use 
shortcuts)
3. Offer informative feedback 
4. Design dialogs to yield closure 
5. Offer error prevention and simple error handling 
6. Permit easy reversal of actions 
7. Support internal locus of control 
8. Reduce short-term memory load

20.4.2021
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We will learn 
more about 
heuristics in 
the home 

assignment



Assignment 1
20.4.2021
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Assignment 1

One mandatory task related to this lecture
A1-1. Analysis of a UI using design heuristics (5 points)


