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full paper and slides at: 
https://pensyl.com/p51research.html 
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Author’s background: 
 

1977-79 Studied: University of California at Los Angeles  
Computer Science, Systems Analysis 
 
1985 Bachelor of Fine Arts, Western Michigan University  
Printmaking, Computer Science  
 
1988 Master of Fine Arts, Western Michigan University  
Multi-Media, Electronic Music 
 
32 years – Professor, Chair, Vice Dean, Director, etc. 
 
40+ years – producer | developer, media, interaction design, software design,  
Clients: Apple, IBM, Motorola, Intel, Disney. American Airlines, Adobe, Kodak, Palm 
Pilot, Pearson/Prentice Hall, Intelect, Inc., Highland Instruments, & others. 
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Author’s background: 
Software design: 

Facial recognition, emotion detection - Emota v4.0 TM 
Mixed & Augmented reality 

  Gesture recognition, gait recognition, non-touch interfaces 
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Author’s background: 
Software design:  
 Advance Vision-Sensor Fusion research/analysis 

 * with researchers from MIT, Harvard & Boston Hospitals 

Device development  
Electro-stimulation headset  
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Introduction – interaction strategies, & user experience 
Covered in the full paper: 

Analysis Methods in Interaction Strategy & User Interface. 
Design Process for development & Analysis. 
Constraints & Affordances Analysis. 
Structured Data. 
Facial recognition & Emotion Detection. 

- As may be used as a data collection method for research purposes. 
Computing systems function as a passive companion. 

- Interaction strategies & experience affects data collection. 
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Edge Compu�ng 

AI and machine learning 

IoT device interoperability 

Introduction – current state of technology & extrapolation of the  
“next” waves of development.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://en.wikipedia.org/wiki/File:Internet_of_Things.svg   
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Introduction – current state of technology & extrapolation of the  
“next” waves of development. Impacting sensor data collection 
 

- Edge computing: data collection, processing & analysis  
Coser to the source, reducing latency & improving real-time decision-
making. 

- AI & machine learning  
Software agents act autonomously on behalf of humans. 

- The IoT Consortium |Open Group standards & guidelines  
Device interoperability – similar to what Berners-Lee did for sharing o 
data content via standardized mark up, hypertext transfer protocol & 
uniform resource location. 
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Introduction – Considerations for software design in research data 
collection systems.  
 

Competencies: 
High level domain knowledge & expertise – Medical. 
High level domain knowledge & expertise – Psychology – or other 
domains. 
Software Engineering & Coding. 
UI  - User Interface. 
UX - User experience design. 
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Introduction – Team-based work vs single expert 
 

In team-based development - stakeholders speak & think with different 
conceptual frameworks that are almost different languages & linguistic 
syntaxes. 
 

Possible - medical researcher has software design & engineering 
experience. 
 
Often - software engineer or visual designer may have shared 
competencies. 
 
Rare - one person has all three of these competencies. 
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Introduction – software idiosyncrasies 
Simple mathematical functions, such as for calculating angles in a trapezoid, 
can be easily processed by hand, becoming eighty lines of code in C#. 
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Introduction – software idiosyncrasies 
Simple shadow removal formula for Haar Classification for facial recognition in 
standard math & translated into C# & Python:  
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Introduction – parallel apps & libraries 
Project retrieves data from an external source, or sensor, requires two or more 
applications running in parallel. 

Serial communication between 
different applications. 
facial/emotion detection app 
communicates via Serial port 
with a musical composition 
app.  
* Custom Javascript 

Figure16: Custom Javascript code affords communication between  
emoteControl Music app and Emota v3.0. 

Figure 16: Javascript to pass data via serial 
ports. 
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Introduction – parallel apps & libraries 
External source, or sensor, requires two or more parallel applications. 
  

Javascript to pass data via serial ports. 
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Introduction – parallel apps & libraries 
Single applications – in current high-level languages (C#, C++, Python) use 
“libraries” – such as a math library. 

 
 
Each of these incur a “cost” in processing time. 
 

https://pensyl.com/p51research.html
https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf


https://pensyl.com/p51research.html         | https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf 

 

Internal & external data point collection 
One important aspect of data collection – as well as for many other 
applications – is the frequency response rate of the data collection. Devices are:  

 CPU 

 USB Bus transmission speed 

 Hard-wired Sensors (EEG, EKG)  

. Pressure, weight, gait, tensor, angle sensors, etc. 

 Wireless Sensors (Bluetooth or Wi-Fi) (ex. FitBit, Gyroscopic Accelerometers, 
etc.) 

 Vision systems (AR/VR, Kinect, Custom coded webcam) 
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External devices for data point collection 
Short list of external devices for data collection 

 
 
 
 

 
WIMP – keyboard, mouse, touchpad     Ultrasonic tracking  
Eye tracking,          Touch screen (capacitance) Sensors, 
Gyroscopic accelerometers angle/rotation,   Gravity sensors, Compass, 
Motion sensors -Fitbit, Nike Fuelband, etc.   Galvanic Skin Response sensors, 
EEG/Brainwave/Pulse sensors,        

Vision systems for Spatial positioning,      Vision systems for Motion detection,  
Vision systems for Facial recognition.  
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External devices for data point collection 
One important aspect of data collection – each sensor or data point collection 
incurs a cost in compute cycles.  
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External devices for data point collection 
One important aspect of data collection – each sensor or data point collection 
incurs a cost in compute cycles.  
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External devices for data point collection 
One important aspect of data collection – each sensor or data point collection 
incurs a cost in compute cycles.  
Writing the date incurs another cost in computer cycles.  
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How it works - cost of processing using external devices  
To an understanding of how a computer works, download John Scott’s book, “But 
How Do It Know?” 
A simple analogy: analog clock & appointments. At each 12 o’clock, CPU polls base 
instruction set & tells components in the CPU or other to do something. 

start process.Main { 
var record=1;  

 var sensor.Data = 000.0001; 
do next.checkSensor; 

 } 
Start next.checkSensor { 
 var sensor.Data = read sensor:Data; 

record = record + 1; 
 write data.File, (record, sensor.Data); 
 } 
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How it works - cost of processing using external devices 
An Arduino microcontroller is useful & FUN tool to learn basic coding & control of 
devices. Many people use these for self-built Home Automation systems 
 

void setup() { 
  // initialize digital pin LED_BUILTIN as an output. 
  pinMode(LED_BUILTIN, OUTPUT); 
} 
 
// the loop function runs over and over again forever 
void loop() { 
  digitalWrite(LED_BUILTIN, HIGH);  // turn the LED on (HIGH = on) 
  delay(1000);                      // wait for a second 
  digitalWrite(LED_BUILTIN, LOW);   // turn the LED off (LOW = off) 
  delay(1000);                      // wait for a second 
} 

 
* http://www.arduino.com 
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How it works - cost of processing using external devices  

Sampling frequencies of devices used for data collection.  
 
Is there a clock?   
Can it be reliably used 
Synchronization and reconciliation of sampling frequency in real time vs 
post capture re-processing.  
 

   

https://pensyl.com/p51research.html
https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf


https://pensyl.com/p51research.html         | https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf 

 

How it works - cost of processing using external devices 

 
. CPU, “system” clock managed by the hardware bios & operating system. 
. Code in a high-level languages like C# or C++ can collect an event in 

“system time” as a data point.  
. Sensors or other external input devices used to collect data may or may not 

have a clock.  
. Some devices simply stream data as fast as their internal components run. 

Accessing device clock is not available in the device API.  
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How it works - cost of processing using external devices  
Cost in “time” for processing – each sensors or process add “time” to collection. 
Discrepancies in data point time of collection.  

https://pensyl.com/p51research.html
https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf


https://pensyl.com/p51research.html         | https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf 

 

How it works - cost of processing using external devices  
Cost in “time” for processing – each sensors or process add “time” to collection. 
Discrepancies in data point time of collection. 
Human reaction time average: forty milliseconds.  

 
 
 
 

Sophisticated algorithms are needed to compensate for variations in time of 
collection.  
But: if done at processing time – incurs another cost in time.  
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How it works - cost of processing using external devices  
 

Factors affecting Cost in “time” for processing.  

Data loss in mid-stream collection.  

Gyroscopic-Accelerometers may have programmable frequencies.  

 Trade-off in faster collection vs data loss.  

Synchronization of data streams 

https://pensyl.com/p51research.html
https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf


https://pensyl.com/p51research.html         | https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf 

 

How it works - cost of processing using external devices  
 

Ideal is NO Data 

loss or “drop-out.” 

 

Synchronization of 

data streams  
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How it works - cost of processing using external devices  
 

Actual = Data loss 

or “drop-out.” 

 

Testing data drop-

out in midstream  

 

Threshold of 

acceptable loss? 
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How it works - cost of processing using external devices  

Factors affecting Cost in “time” for processing. 

° Each additional sensors adds “time” to collection. 
° Wireless sensors operate in common consumer 2.4 gigahertz frequency range  
° Sensor buffer storage may overflow resulting in data loss.  
° Interference in the frequency range. 
° Time of flight & delivery of data from sensor to dongle is “probabilistic.” 
 Results in possible extreme variations in system time vs device time. 
 Some devices may not use a device clock.  
 Correction of synchronization requires post-processing. 

• In write of data file? 
• In post-collection data analysis? 
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How it works - cost of processing using external devices  

Best practice: collect data in RAM buffer in raw data, simplest delimitation. 

On stop of collection – dump (write) to data file. 

Formats for data files: 

CSV vs XML 

CSV is considered a flat structure of data format.  

CSV is significantly smaller than XML, requiring less processing power. 
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How it works – stand-alone turn-key systems vs custom designed 
Extensibility? Adaptability?  

 
 

 
Emotiv headset 
EEG signal – analog 
to digital – 128 | 256 Hz 

  
  
 
 
       GE CASE Exercise EKG 12 streams @ 60Hz  
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User Experience – User interface considerations 
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User Experience – User interface considerations 
 
° Who is using the system? 

 
° For what is the system used? 

 
° Where & how are the systems to be used.   

  

https://pensyl.com/p51research.html
https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf


https://pensyl.com/p51research.html         | https://pensyl.com/Design%20and%20User%20Experience%20in%20Software%20for%20Medical.pdf 

 

User Experience – User interface considerations 
 

° Flow, affordances & sequences of actions. 
 Observation adjustment & refinement of UI & flow. 

° What data needs to be visible in capture time. 
° Post-process reliability & evidence successful data capture in 

sessions. 
° Who are the users – MDs, expert lever technicians? Training of 

operators. 
° Clarity of UI elements & affordances.  
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User Experience – User interface considerations – for ALL 
The best user interface & experience is undoubtedly the one with the least 
actions that acts as a passive companion. 

Interactive system to play five section 
of a full orchestra – Mozart’s birth 
house, Salzburg, AT. 

Sensors on the floor affords up to five 
participants to instantiate the five 
sections of one of Mozart’s pieces. 
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User Experience – User interface considerations – for ALL 
The best user interface & experience is undoubtedly the one with the least 
actions that acts as a passive companion. 

With the advent of functional AI systems, feature 
rich, hidden, or transparent applications as the norm.  

What may be possible: Project Milo1, a 
demonstration of a “controller-free:” depth sensing 
& pattern recognition technologies. Milo is an 
example of emergent behavior of a virtual character 
that learns, adapts, & adjusts behaviors to the cues 
from a human actor. 

 
1 https://www.techradar.com/news/gaming/microsoft-says-molyneux-s-milo-is-only-a-tech-demo-699668 
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User Experience – User interface considerations – for WHO 
PI-Researcher has expert level software engineering & will conduct all experiments & data capture.  
 The need for an easy to understand & use interface is lessened.  

 
 
 
 
 
 
 
 
 
 

Actual “presentation” mode interface    Raw production & programming in MAX MSP. 
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User Experience – User interface considerations – for WHO 
PI Researcher has expert level software engineering & will conduct all experiments & data capture.  
  Or 
Novice level participant with zero knowledge nor desire to learn to use the system. 

Most software needed for research applications exists 
between these two extremes.  
The interface is less of a concern the closer and more 
expert the user is to the process.  
Novice chemistry student - interactive tutorial 
simulates a chemical reaction: UI structure and 
interaction strategy must provide appropriate 
affordances.  
Clarity of UI elements and affordances is imperative. 
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User Experience – User interface considerations – for WHO 
 
 

Constraints & Affordances 
Flow & sequences of actions. 
Clarity of UI elements and affordances.  
What data needs to be visible in capture 
time? 
 
Don Norman: The Design of Everyday 
Things. 
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User Experience – User interface considerations – for WHO 
 
Constraints: 
 Technological – actions limited by what the technology will allow. 

Primarily affects software engineering BUT may have profound consequences for the PI in 
obtaining usable results. 

 Physical – due to materials and human capabilities and limitations 
 Environmental – space, location, wireless, etc. 
 Cultural - expectations of behavior of the system and the participant. 
 
Affordances: 

The affordances of the environment are what it offers the animal, what it provides or furnishes, either 
for good or ill. ... It implies the complementarity of the animal and the environment. 

Gibson, The Theory of Affordances. 
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User Experience – User interface considerations – tools 
 

Raw command line interface 
Windows Forms and Console UI 
Windows Presentation Foundation  
 XAML UI 
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User Experience – User interface considerations – WHAT | WHERE 

Raw command line interfaces  

Node.JS in Visual studio 
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User Experience – User interface considerations – WHAT | WHERE 

Raw command line interface – MATLAB 
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User Experience – User interface considerations – WHAT | WHERE 

Windows Forms      Console UI 
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User Experience – User interface considerations – WHAT | WHERE 

Windows Forms 
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User Experience – User interface considerations – WHO | WHERE 

Windows Presentation Foundation – XAML UI 
For application environments used by many participants with varying 
degrees of expertise AND cultural backgrounds. 
 Medical practitioners 
 Clinicians 
 Graduate Students 
 Hired assistance 
 Average consumers 

  
Allows for complete integration of code with user interface. 

* Requires both software engineering and user interface design skill sets 
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User Experience – User interface considerations – WHO | WHERE 

Windows Presentation Foundation – XAML UI – BENEFITS  
 

Anyone with Web design 
HTML skills can master 
XAML 
 
Similar syntax to 
HTML/CSS 
 
Rich library of 
customizable interface 
elements 
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User Experience – User interface considerations – WHO | WHERE 

Windows Presentation Foundation – XAML UI – BENEFITS 
 
Extensive libraries  
 
Customizable for 
specific uses. 
 
Icon set/font icons 
 
Multiple language sets  
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User Experience – User interface considerations – WHO | WHERE 

Windows Presentation Foundation – Material Design in XAML. 

  

https://uxplanet.org/top-50-dashboard-ui-kits-and-templates-in-2019-8583e41b775d 
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User Experience – User interface considerations – WHO | WHERE 
Windows Presentation Foundation – Material Design in XAML. 
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User Experience – User interface considerations – WHO | WHERE 

Windows Presentation Foundation – Material Design in XAML. 
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Conclusions – Recommendations 

 
Prototype on paper - to alleviate the 
preconceived notions of 
development team 

Non-experts may perceive the 
affordances of the interface 
differently than the team expects 

Site visits and observation 

Test and refine interface 
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Conclusions – Recommendations 

Work with a competent team of experts 
 Software engineers 
 Coders 
 User Interface designers 
 
In university environments, graduate students in Computer Science may be 
accessible. 
Upper lever undergraduate Design students and Graduate students will have the 
skills in UI and UX to assist.  
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