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Enlightened Trial and Error 
Interaction Prototyping Tools that 
Foster Iteration and Exploration 
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Prototyping Tools 

 Enable  
Rapid Authoring  
Off the Desktop 

 Aid Iteration  
by Managing  
Feedback 

 Aid Exploration  
of Multiple  
Alternatives 1 2 3 



3 

Lawson, How Designers Think, Architectural Press 
Cross, Designerly Ways of Knowing, Springer  

Schrage, Serious Play, HBS Press 
Moggridge, Designing Interactions, MIT Press 

Buxton, Sketching User Experiences, Morgan Kaufmann 
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Lawson, How Designers Think, Architectural Press 
Cross, Designerly Ways of Knowing, Springer  

Schrage, Serious Play, HBS Press 
Moggridge, Designing Interactions, MIT Press 

Buxton, Sketching User Experiences, Morgan Kaufmann 



Redrawn from 
Buxton, Sketching User Experiences 

Exploration:  
Generate Parallel Alternatives 
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Prototypes for the  
Microsoft mouse 
From Moggridge,  
Designing Interactions, Ch2 



ANALYZE 

PROTOTYPE EVALUATE 

Dreyfuss, Designing for People, 1955;  
Lawson, How Designers Think, 1997; 
Cross, Designerly Ways of Knowing, 2005  

Iteration: Incorporate Insight 
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“[D]esigners frequently wanted to have
 multiple designs side-by-side [...]  

However […] there is no built-in way in today’s
 implementation tools to have two versions of a
 behavior operating side-by-side.”  

   Myers et al., VL/HCC 2008 
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  Designers tend to hang on to initial solution
 (Cross, Designerly Ways of Knowing) 

  Decisions made with insufficient knowledge 
  Gained knowledge is lost or not acted on 
  Resources wasted in working around tools 

Problems uncovered too late 
Poor solutions, failed products 11 
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Hypercard, Atkinson 1985 

Also:  
SILK, Landay, 1996 
DEMAIS, Bailey, 2001 
DENIM, Lin, 2000 
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Phidgets, Greenberg, 2001 

Also: 

iStuff, Ballagas, 2003 
Calder, Lee, 2004 
DART, McIntyre, 2004 



  Visual, storyboard-based
 authoring 

  Unites design of I/O
 affordances and
 application behavior 

  Exposes hardware &
 software extension points  
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d.tools 



If |Buttons| < |Letters|: 

1.  Select alphabet subset 

2.  Select letter from subset 

Available Controls: 

1.  X/Y Tilt data 

2.  Discrete corner buttons 
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TiltType, Partridge et al., UIST 2002 
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3-way navigation 
 switches 

2 axis accelerometer 

Example: Tilt-based text entry 
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Design Environment 



Smart Hardware 
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Design Environment 
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IR/Ultrasonic  
Rangers 

Force Sensitive  
Resistors 

Accelerometers 

Phototransistors 



//detect accelerometer peaks 

//read data sample 
xVal[t++]=readA2DValue(xPin); 

//look for changes in derivative  
if(((xVal[t]-xVal[t-1]) >= 0  

 && (xVal[t-1]-xVal[t-2]) < 0) || 
   (((xVal[t]-xVal[t-1]) < 0  

 && (xVal[t-1]-xVal[t-2]) >= 0)) { 
  //peak detected 
  //send message 
  oscSendMessageInt("/x/peak",1); 
} else { 
 //no peak 
}  

Accelerometer X axis 

Accelerometer Y axis 



  Yes, algorithms enable demonstration-based
 authoring,  but are only the backend. 

  What are appropriate interaction techniques that
 make real-time demonstration and testing feasible
 for designers? 

  Insight: Combine recognition and direct
 manipulation to leverage the designer’s
 knowledge 
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Crayons, Fails, CHI 2003 

Also:  
Flexigesture, Merrill, CHI 2005 
a CAPella, Dey, CHI 2004 
Monet, Li, UIST 2005 



Authoring by Demonstration 

[chi 2007] 
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[Sakoe, H. Chiba, S. ‘78] 

Dynamic Time Warping 
Demonstration Signal 

Matching Input Signal 

int DTWDistance(char s[1..n], char t[1..m], int d[1..n,1..m]) { 
    declare int DTW[0..n,0..m] 
    declare int i, j, cost 

    for i := 1 to m 
        DTW[0,i] := infinity 
    for i := 1 to n 
        DTW[i,0] := infinity 
    DTW[0,0] := 0 
    for i := 1 to n 
        for j := 1 to m 
            cost := d[s[i],t[j]] 
            DTW[i,j] := cost + minimum(DTW[ i-1, j   ],    // insertion 
                                       DTW[ i  , j-1 ],    // deletion 
                                       DTW[ i-1, j-1 ])    // match 
    return DTW[n,m] 
} 

Quadratic in time & space 
But: n is small @100Hz sampling 



32 



Cognitive Dimensions of 
Notation (CDN) Inspection 

First-Use Laboratory Studies 

Class & Industry Deployment 

Used by authors as design tools 
for public exhibitions 

Analysis of d.tools as a 
visual notation 

Threshold and usability 

Real-world stress test 

Complexity ceiling for 
knowledgeable users 

What? Why? 
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Laboratory Studies 
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Laboratory Studies 



Class Deployment 
(Hardware manufactured for us by Leapfrog) 
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d.Tools successfully enabled non-programmers to
 prototype novel, sensor-based user interfaces. 

Techniques: 

1.  Virtual modeling of physical device and plug&play
 hardware enable visual, storyboard-based authoring. 

2.  Programming by demonstration for sensor events
 raises complexity of possible interactions. 

Design tool research requires triangulation of
 evaluation methods  
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I-Observe, Badre, 1995 

SUEDE, Klemmer, 2000 
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Movie production Programming 
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Integrating analysis of test data into a design tool
 can radically shorten the time to work with test
 videos. 

Integration is enabled by a high-level visual
 representation of the software model.  

Design is a team sport – new revision tools are
 needed to record insight gained during analysis. 
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Subjunctive Interfaces, Lunzer, TOCHI 08 
Spreadsheets for Visualization, Chi, IEEE CGA 98 
Parameter Spectrums & Parallel Pies, Terry, UIST 02 & CHI 04 
Partials, Terry, Phd 2005 

57 

Levoy, Spreadsheets for Images, 1994 Design Galleries, Marks, 1997 



Adobe Flash Arduino / Processing 

Adobe Dreamweaver 58 



  Manage parameter variations 
  Manage code alternatives 
  Access variations & alternatives at runtime 
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(based on 3 interviews & code inspection) 



  Manage parameter variations 
  Manage code alternatives 
  Access variations & alternatives at runtime 

60 
Processing code brought in by an interviewee 



  Manage parameter variations 
  Manage code alternatives 
  Access variations & alternatives at runtime 
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Juxtapose editor for 
ActionScript 2. 
Generates Flash files. 
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Linked Editing: Toomim 2004 
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Linked Editing: Toomim 2004 
69 
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Harrison et al., UIST 2007 

Progress profiles 
Progress bar test application 
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Baudisch, UIST 2006 
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Baudisch, UIST 2006 



Juxtapose User Library 

User’s Application: 
//… 

Number A = 10; 
Boolean B = true; 

User Process Juxtapose Process 

Inspect 

Send variable info 

X B 

A 
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Juxtapose User Library 

User’s Application: 
//… 

Number A = 10; 
Boolean B = true; 

User Process Juxtapose Process 

Update 

Send tuning message 

X B 

A 
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Search in 4D parameter space. Given recursive 
drawing code for this: 

Produce these: 
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Alternative 
 1 

Alternative 
 2 

Alternative 
3 
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Arduino: 
8bit Atmel AVR RISC chip 
programmed in C with gcc  
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How might one implement variable tuning  

in a language without reflection? 



Var. Name Type Pointer 
“dly” int &dly 
“blink” boolean &blink 

int dly = 25; 
boolean blink=false; 
void setup() {...} 
//… 
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void initVarTable(void) { 
  varTable[1].varName = PSTR("dly"); 
  varTable[1].varType = VAR_TYPE_INT; 

  varTable[1].varPtr = &dly; 

  varTable[2].varName = PSTR("blink"); 
  varTable[2].varType = VAR_TYPE_BOOLEAN; 

  varTable[2].varPtr = &blink; 
} 

// plus a bunch of communication code... 

Auto-generated 
table 
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Serial message: 

tune “dly” value 100 

*(varTable[“dly”].varPtr) 
   = 100; X 

dly blink 
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A structured approach to alternatives  
eliminates cruft and enables more exploration. 

Tool support requires connecting authoring and  
execution environments. 

3 Techniques:  
  Linked editing to manage code alternatives 
  Execute set of programs side-by-side 
  Auto-generate tuning interface 
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  How can programming languages & IDEs be
 co-designed to facilitate prototyping?  

  How might authoring environments support
 the process of design by example
 modification?  

  What will the interaction design studio of
 the future look like? 
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Target Platform How are alternatives 
executed? Why? 

How do users interact 
with alternatives?  

In parallel Sequentially or in parallel 

In parallel, because 
commodity hardware is 
(relatively) cheap 

Sequentially 

Sequentially, because 
custom hardware is 
expensive to build 

Sequentially 
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Juxtapose 
Runtime on PC Juxtapose Wrapper 

User’s Flash 
Application 
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Juxtapose Wrapper 

User’s Flash 
Application 

TCP/IP 

var1 

Alt. 1 Alt. 2 

var2 


