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About last/this week…

• Do you have nice lo-fi prototypes?
• Exam
• No dictionary, closed book, no other materials allowed



The course



Today

• Hi-fi prototyping
• Tools – TensorFlow lite, IBM Watson, Dialogflow, …
• Usability testing



results after Lo-Fi prototyping

• Challenges? 

• Open questions? 

• Lessons learned? 

• Today’s lessons will bring you a step further towards the final stage of 
your product.



Going towards Hi-Fi prototyping

• A high-fidelity (high-fi or hi-fi, sometimes in industry digital or native) 
prototype is a computer based or physical interactive representation
of (a part of) the concept in its closest similarity to the final design in 
terms of details and functionality.



Going towards Hi-Fi prototyping
• Look and feel + interaction /UX + (semi) autonomy / 

programmed(hard coded): Example Native Prototyping 
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http://www.youtube.com/watch?v=lusOgox4xMI


Going towards Hi-Fi prototyping
• Look and feel + interaction /UX + (semi) autonomy / programmed: VR 

prototyping
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http://www.youtube.com/watch?v=CdsJz3qelkE


Remember! à Prototypes

• Helps communicate the story of your app/technology/system for 
feedback

• Stops you from building a polished product with glaring flaws
• Spaghetti code, “quick and dirty”, hacking
• Explore the tech possibilities

• Prevents the need for fixing an error after development 
• Save time and money



Remember! à Prototypes

• We don’t make full systems, not everything is working, use of test or 
dummy data, …

• Remember this prototype, trained to recognize 3 items



Prototyping – intermezzo 

Prototyping can happen on four dimensions:
• Breadth (Number of functions/features included)  

• Interaction + UX + Tech

• Depth (how well functions/features are worked out in the backend)  
• Tech + Affordances

• Look (appearance: fonts, colors, graphics, affordances)  
• Affordances + Signifiers

• Interaction (how is input and output handled)  
• UX + Affordances + Signifiers

Not part of the exam material!



Visual Design
Gestalt Psychology Principles
• The Gestalt theory is guided by 5 principles 
• Proximity
• Similarity
• Continuation
• Closure
• Figure/Ground.

Not part of the exam material!



Proximity

Not part of the exam material!

Similarity

Continuation Closure



Not part of the exam material!



Real world - Android

Not part of the exam material!



Real world - Hololens

Not part of the exam material!



So…

● Hi-fi prototypes are almost (parts of) the final product that you want 
to test with users 

● Many ways to do it depending on your product
● The 4 dimensions of prototyping need to be taken into account: 

breadth, depth, look and interaction
● To achieve this, we need to keep into account how humans make 

sense of objects to interact with them 
● Knowledge of human perception, like Gestalt Psychology is very 

useful to guarantee good design (UI/UX)



Tools, frameworks, SDKs



Tensorflow lite
• https://www.tensorflow.org/lite/

https://www.tensorflow.org/lite/


Tensorflow lite – pose estimation
• https://www.tensorflow.org/lite/examples/pose_estimation/

overview

https://www.tensorflow.org/lite/examples/pose_estimation/overview


Tensorflow lite – object detection
• https://www.tensorflow.org/lite/examples/object_detection/overview

https://www.tensorflow.org/lite/examples/object_detection/overview


Tensorflow lite

https://www.tensorflow.org/lite/guide
https://www.tensorflow.org/lite/tutorials/model_maker_object_detection

https://www.tensorflow.org/lite/guide
https://www.tensorflow.org/lite/tutorials/model_maker_object_detection


Tools - IBM Watson

• Create a free account: https://cloud.ibm.com
• Browse the available services: https://cloud.ibm.com/catalog

https://tone-analyzer-demo.ng.bluemix.net/

https://cloud.ibm.com/
https://cloud.ibm.com/catalog
https://tone-analyzer-demo.ng.bluemix.net/


Google – Dialogflow ES

https://cloud.google.com/dialogflow/es/docs/video

https://cloud.google.com/dialogflow/es/docs/video


‘Out-of-the-Box AI’
• E.g. Microsoft Azure Kinect
• We (HMI) do have a lot of equipment, discuss with

your tutorial leader or ask our lab manager Daniel
Davison (d.p.davison@utwente.nl)

• Decision trees AI Practice?



Tools

• Options (there is more)
• Tone Analyzer
• Visual Recognition
• Chatbots (Dialogflow)
• AI course
• …

• But remember, we are looking for the interactions with YOUR 
concept. It depends on your project what you can use and how to 
use/apply it in your project.



Hi-fi prototype & Tools

• Again, remember; the goal is not to fully implement a product or 
system 

• We create a prototype to evaluate with users
• It is ok that
• Only some tasks are implemented
• Only some use cases are supported
• WoZ / hardcoded

• Based on the results of the lo-fi prototype test, decide what the 
interaction scenario with the hi-fi will be and start designing the hi-fi 
prototypes (next week)





Wizard of Oz Interaction
• Gesture based games: what are good control gestures?



Wizard of Oz Interaction
• Gesture based games: what are good control gestures?



https://userinyerface.com/

https://userinyerface.com/


Think aloud



Think aloud method

• “think aloud” as they are going through the interface and interaction
(known as the “thinking aloud” protocol)

• Influences performance 
• They more they talk they more they are influenced (and the slower they are)

• Provides very useful feedback
• “I want to get back, hmm there is no back button” 

(although there might be a too small arrow in the corner)

• Reflection/interpretation/retrospective session: 
• Let users perform task, and look at it (e.g. raw video) together afterwards 

with discussion



Usability testing



Usability testing

• What is usability testing?
• A research method (utilizing representative users and representative 

tasks) can be used to learn more about how people interact with 
interfaces, even when the goal is not fixing the interface, but instead 
learning more about users and interactions (Lazar, p 263)

• … involves representative users attempting representative tasks in 
representative environments, on early prototypes or working versions 
of computer interfaces (Lazar, p263)



Usability testing

• What is usability testing?
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Usability testing

• What is usability testing?
• A research method (utilizing representative users and representative 

tasks) can be used to learn more about how people interact with 
interfaces, even when the goal is not fixing the interface, but instead 
learning more about users and interactions (Lazar, p 263)

• … involves representative users attempting representative tasks in 
representative environments, on early prototypes or working versions 
of computer interfaces (Lazar, p263)



Usability testing

• Types of usability testing or usability engineering

• Expert tests 
• E.g. Heuristic review, consistency inspection, cognitive walkthrough

• Automated test, testing based on guidelines
• E.g. accesibility norms, such as captions

• User-based test 
• with representative users, representative tasks

Usability testing

Usability inspection



Expert-based testing



Expert-based testing

• Done by experts
• Not the developer
• Too invested
• [Too self-critical]
• Experimental point of view [- some bias]

• People should be unfamiliar with the interface

• Representative users are experts in the task
• Usability experts, experts in the interface/usability design



Expert-based testing: Heuristic review

• Structured inspection
• Confused wording
• Inconsistent or misleading layout
• Color inconsistency

• Before user-based testing occurs
• Representative users: deeper and task-related interface flaws (Lazar, 2006).



Expert-based: Heuristic review

• Usually ≤  10 interface rules
• Schneiderman’s 8 golden rules
• Jakob’s Nielsen 10 Usability Heuristics for UI design (not in the book!)



Heuristic design evaluation

• Proposed method by Nielsen and Molich
• 10 usability criteria are defined (= heuristics)
• Can be used for early design, prototype, storyboard and fully 

functioning system evaluations

• 75% of overall usability problems are discovered with only 5 
evaluators





Visibility of system status

The system should always keep users informed about what is going on, 
through appropriate feedback within reasonable time.



Match between system and the real world

The system should speak the users' language, with words, phrases and 
concepts familiar to the user, rather than system-oriented terms. 
Follow real-world conventions, making information appear in a natural
and logical order.



Match between system and the real world



User control and freedom

Users often choose system functions by mistake and will
need a clearly marked "emergency exit" to leave the 
unwanted state without having to go through an 
extended dialogue. Support undo and redo.



Consistency and standards

• Users should not have to wonder whether different words, situations, 
or actions mean the same thing. Follow platform conventions.



Error prevention

Even better than good error messages is a careful design which
prevents a problem from occurring in the first place. Either eliminate 
error-prone conditions or check for them and present users with a 
confirmation option before they commit to the action.



Error prevention



Recognition rather than recall
Minimize the user's memory load by making objects, actions, and 
options visible. The user should not have to remember information 
from one part of the dialogue to another. Instructions for use of the 
system should be visible or easily retrievable whenever appropriate.



Flexibility and efficiency of use

Accelerators — unseen by the novice user — may often speed up the 
interaction for the expert user such that the system can cater to both
inexperienced and experienced users. Allow users to tailor frequent
actions.



Aesthetic and minimalist design

Dialogues should not contain information which is irrelevant or rarely
needed. Every extra unit of information in a dialogue competes with 
the relevant units of information and diminishes their relative visibility.



Aesthetic and minimalist design



Aesthetic and minimalist design



Help users recognize, diagnose, and recover
from errors
Error messages should be expressed in plain language (no codes), 
precisely indicate the problem, and constructively suggest a solution.



Help users recognize, diagnose, and recover
from errors



Help users recognize, diagnose, and recover
from errors



Help users recognize, diagnose, and recover
from errors



Help and documentation

Even though it is better if the system can be used without
documentation, it may be necessary to provide help and 
documentation. Any such information should be easy to search, 
focused on the user's task, list concrete steps to be carried out, and not
be too large.



Help and documentation



Expert-based: Heuristic review
Table 10.2 Shneiderman’s 8 Golden Rules of Interface Design
1. Strive for consistency
2. Cater to universal usability
3. Offer informative feedback
4. Design dialogs to yield closure
5. Prevent errors
6. Permit easy reversal of actions
7. Support internal locus of control
8. Reduce short-term memory load

(Shneiderman et al., 2017)
See good examples on (e.g. support internal locus of control): 
https://www.interaction-design.org/literature/article/shneiderman-s-eight-golden-rules-will-help-you-design-
better-interfaces

https://www.interaction-design.org/literature/article/shneiderman-s-eight-golden-rules-will-help-you-design-better-interfaces


Expert-based: Consistency Inspection

• Series of screens/web pages to be compared
• Issues of consistency in layout, color, terminology, or language

• “Sometimes, an organization has a specific set of style guidelines (for colors
and typefaces) and a consistency inspection can check for overall consistency 
with those style guidelines.” Organization (e.g. style guides University of 
Twente)

https://www.utwente.nl/en/ces/language-centre/organisation/english-styleguide/


Expert-based : guidelines review
(mix of consistency + heuristic)

more rules than heuristic (e.g. 10-100)

• OS-based (e.g. Microsoft Windows apps, Android/iOS guidelines)
• Accessibility (webstandards e.g. WCAG), can be overwhelming!

• Related: Tog’s first principles (not for exam, but very useful)
• https://asktog.com/atc/principles-of-interaction-design/

https://docs.microsoft.com/en-us/windows/win32/uxguide/guidelines
https://www.w3.org/WAI/standards-guidelines/wcag/
https://asktog.com/atc/principles-of-interaction-design/


Cognitive walkthrough

• “walking through” a series of tasks as if they are a user
• Understanding of first use
• Exploratory nature
• Crucial tasks (error recovery) 
• High-frequency task 

• Task-based not rule-based



Beyond scope 

• Usability inspection
• Pluralistic walkthrough

• Read the book (Lazar, Ch 10)



Automated usability testing

• Analyzing code
• Often web-based
• Based on interface guidlines

• Very well-known, alternative code for a graphic: 
• (important for accessibility, and a requirement under the WCAG 2.0), 
• existence of an <alt> attribute in an <img> tag.
• Screen readers vs. open in new tab of browsers

• Pro’s: statistics
• # of different fonts
• Average font size
• Size of buttons
• Depth of menus
• Loading time
• Etc. 



User-based testing

• Representative users
• Representative tasks
• Throughout process

• Fixing mistakes early on reduces costs!

• WHY? 
• Developers are not users 
• Users often can’t clearly identify their (interface) needs
• [believe me: Users do stupid things]



Formative usability testing

• Early on in process and tends to be exploratory
• Also known as formative testing
• Lo-fi - easier to critize
• More communication between moderators and participant
• Formative usability tests tend to focus more on qualitative feedback, 

moderator observation, and problem discovery



Summative usability testing

• Example from education? 

• More formal prototypes hi-fi (high-fidelity) prototypes
• “evaluate the effectiveness of specific design choices”
• Focus more on task-level measurements, metrics, and quantitative 

measurements

• Validation tests
• Benchmark related (comparing to a state-of-the art)
• E.g. requirement related:  “90% of users can complete each task within 1 minute”
• At the end of the process, right before the public release
• Less common



Formative and Summative testing

• Sometimes mixed summative and formative
• Also mixing stages, summative paper prototypes are possible
• [personally I don’t recommend it!]

• Warning
• Methods such as thinking aloud influence results 

• Cognitive flow interrupted, so for example task takes longer

àDEPENDS ON YOUR PROJECT! 
- Choose what most likely leads to actual changes



Don’t re-invent the wheel,
especially post-session rating scales:
Also see Tullis & Albert for scales
e.g. System Usability Scale (SUS), CH6
Well known also:
Game Experience Questionare



Stages of usability testing



Reminder - “how many users do I need to 
have?”
• Strict experimental answer: 

depends on the effect-size , do a power analysis. 

• “Lazy” overused excuse HCI answer:
• “five users will find approximately 80% of usability problems in an interface 

(Virzi, 1992)”

• Book/my realistic answer: You don’t know in advance
• You don’t know the number of mistakes
• [some mistakes might be hidden behind other, requiring multiple tests]



Reminder - “how many users do I need to 
have?” :
• Accuracy needed (Lewis 2006)
• Depends on discovery goals (Lewis 2006)

• [project dependent, generalization needed?]
• How many participants are available? (Lewis 2006)

• Optimal 10+-2 (suggestion Hwang and Salvendy (2010))

In the book :
• “how many users can we afford?” 
• “how many users can we get?” 
• “how many users do we have time for?”



Locations for usability testing



Locations for usability testing

• Consider limitations
• Consider willingness to participate
• Travel time
• Time of day

• Consider technicalities (e.g. install it on your own devices, how to 
record data?)

• User nights e.g. at Yahoo!
• Google Research Van



Task lists

• [even for paper prototypes relevant]
• Background scenario to set context
• Clear, accurate and unambiguous tasks
• Task relate to key features of interface 
• Questions should require the interaction/interface 
• Don’t use private data 
• Separate it from the task
• skip/prepare fake name, age etc; 
• consider cases, takes effort regarding disposal/permission etc.



Task lists

• Must participants go through tasks in the order listed? 
• Can they skip tasks or start at the last task? 
• Do certain tasks require that other tasks be completed first? 
• How should participants respond if they get stuck and are unable to 

complete one task? 
• Should they skip that task and move onto the next task? 
• Is there a time limit per task? (or a minimum time?) 
• Is there an overall time limit for the usability testing session?
• Interventions by the moderator?



Measurement

• Task performance 
• “how many tasks were correctly completed” 
• + “attempted”

• Time performance
• How long on completed tasks
• + How long on unsuccessful 

• User satisfaction  (using surveys)
• Using standardized, validated survey tools

(sometimes other measures depending on product)



Making sense of the data

• Similar to analyzing data from any other type of research
• Fewer participants, simple descriptive statistics
• “Rubin and Chisnell (2008) suggest splitting the report into three 

sections:
• why you did usability testing and how you prepared;
• what happened during the testing; and
• the implications and recommendations. ”

• Never include names or identifying information from participants in 
your result (this happens every year in the project reports)!



Thank you!


