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Objectives
• What prototypes should I make to help 

me find a good design?

• How should I collect feedback to 

improve my design?



Who is this guy?



Who is this guy?

Managing Messes in Computational Notebooks, CHI '18



Who is this guy?

Composing Flexibly-Organized Step-by-Step Tutorials from Linked Source Code, Snippets, and Output, CHI '18



Who is this guy?

Writing Reusable Code Feedback at Scale with Mixed-Initiative Program Synthesis, CHI '18



Design methods



Design methods for 
programming tools

Design methods



THE DESIGN CYCLE

design

prototypeevaluate



DESIGN IDEAS DIVERGE AND CONVERGE

# ideas

project 

done
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evaluate are used to
answer questions about design.
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Objectives
• What prototypes should I make to help 

me find a good design?

• How should I collect feedback to 

improve my design?



Don't look at me!
Discussion time


Think of an idea you had for a programming 
sometime in the past that you were really 

excited to work on.


What convincing evidence did you have that 
it was a good idea?



Brainstorming

From IDEO Design Kit: Brainstorm Rules

1. Defer judgement

2. Encourage wild ideas

3. Build on the ideas of	 others

4. Stay focused on the topic

5. One conversation at a time

6. Be visual

7. Go for quantity

How do you know these 
ideas are any good?



FIDELITY

LOW FIDELITY HIGH FIDELITY

Looks like final product.Many details missing.



#1 RULE OF PROTOTYPING

Make prototypes with a well-defined 
purpose and scope. Adjust the fidelity 
of your prototype to match the 
purpose and scope.



SCOPE: WHAT DOES YOUR PROTOTYPE 
PROTOTYPE?

Integration

Role

Look and feel


From Houde and Hill – What do Prototypes Prototype?

Implementation

Role: function, fit

Look and feel: appearance, 
sensory experience 
Implementation: algorithms, 
engineering, code



Role Prototypes



Prototypes for the 

Microsoft mouse

Look-and-Feel Prototypes



Look-and-Feel Prototypes



Implementation Prototypes



Implementation Prototypes



SCOPE: WHAT DOES YOUR PROTOTYPE 
PROTOTYPE?

Integration

Role

Look and feel


From Houde and Hill – What do Prototypes Prototype?

Implementation

Why are the types of 

prototypes corners of a 

triangle? What does this 

mean for scoping your 

prototypes?



Prototyping Programming Tools
Why prototype?


• Full implementations take a long 
amount of time


• At least in research, development 
teams are only 1 or 2 people


• Solutions need to merge into 
workspaces that are already complex



Role Prototypes

Narrative 
scenarios



Look-and-Feel Prototypes

IDE

mockups



Implementation Prototypes



FORMATIVE USER RESEARCH



Myers, Ko, LaToza, and Yoon "Programmers Are Users Too: Human- 
Centered Methods for Improving Programming Tools." Computer.

So many methods!



When to use a design method
I need to understand 

the problem

actionable 
design insight

fast to plan 
and run

I need to evaluate 
the solution

fast to plan 
and run



I need to understand 
the problem

actionable 
design insight


content 
analyses


fast to plan and 
run

I need to evaluate 
the solution

fast to plan 
and run

When to use a design method



I need to understand 
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content 
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When to use a design method



I need to understand 
the problem

actionable 
design insight

interviews
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content 
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the solution

fast to plan 
and run

When to use a design method
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Understanding Problems in a Time Crunch: Observations

Answers the questions,


(1) "Did I pick an actual problem?"


(2) "What issues can a tool help fix?"



designed 

thing

user

Observations



designed 

thing

facilitator	 user

greets user, gives tutorial, 

asks and answers questions

Observations



designed 

thing

user
observer


takes focused, complete notes

facilitator

Observations



You
Yoda


(your user/participant)

Highly recommend the expert-apprentice relationship model for 
contextual inquiry.


Don’t typically recommend offering piggyback rides as part of it.









Example Editor



Source Program



Testing Environment



Browser





Transcription errors



Transcription errors

Edit errors



Transcription errors

Edit errors

Forgotten code



Transcription errors

Edit errors

...and time-consuming removal of dead code

Forgotten code



ANDREW'S MAXIMUM-FUN, 
MINIMUM-REGRET OBSERVATION TIPS

1. Make your research questions before the study. 

Iterate. Keep the good ones.


2. Help users understand what feedback is 
actionable to you—and what's not


a. Set the parameters of the conversation early


b. Provide on-going guidance

1. Keep It focused



ANDREW'S MAXIMUM-FUN, 
MINIMUM-REGRET OBSERVATION TIPS

2. Plan your notes for fast analysis

1. Take notes and record the conversation

2. Structure your notes document to make 

analysis easy and fast


3. Start synthesizing right after the study



TARGETED NOTES

A section for each 
research question 

(make before study)

interpretation 
(add in real time)evidence 

(quotes, 
observations, 

add in real time)

user IDs



ANDREW'S MAXIMUM-FUN, 
MINIMUM-REGRET OBSERVATION TIPS

3. Develop rapport with users

1. There's always time for a bit of small talk


a. Make them feel comfortable

b. Make them feel appreciated (they're 

doing you a huge favor!)


c. Make them want to help again



Answers the questions,


(1) "Does this solve the problem?"


(2)"Is this something that users (and 

my peers) will get excited about?

Understanding Solutions in a Time Crunch: Critiques





Getting Feedback on Programming 
Tools Before They're Built

• Get feedback from multiple users

• Get feedback from multiple tool builders

• Present multiple ideas, not just one

• Come up with concrete worked examples

• Be open to new ideas



1. Get Feedback from Multiple Users

Programmers have diverse work styles and preferences. Here's 
one way of looking at differences in work styles.


• "Opportunistic programmers are more concerned with 
productivity than control or understanding."


• "Pragmatic programmers balance productivity with control 
and understanding."


• "Systematic programmers program defensively and these are 
the programmers for whom low-level APIs are targeted."


From Clarke, "Measuring API Usability", Dr. Dobb's 
Elaborated on in Stylos and Clarke, "Usability Implications of Requiring


Parameters in Objects’ Constructors", ICSE '07



1. Get Feedback from Multiple Users

GenderMag personas, gendermag.org



2. Get Feedback from Tool Builders

"When artists assessed one another's performances, they 
were about twice as accurate as managers and test audiences 
in predicting how often the videos would be shared. 
Compared to creators, managers and test audiences were 56 
percent and 55 percent more prone to major false negatives, 
undervaluing a strong, novel performance by five ranks or 
more in the set of ten they viewed."

From Adam Grant, Originals, regarding Justin Berg's publication , "Balancing on the 
Creative Highwire: Forecasting the Success of Novel Ideas in Organizations"



3. Present Multiple Ideas, Not Just One

• Critics are more willing to give 
substantive feedback when there are 
several ideas in play


• Designs that evolve from parallel 
prototypes (rather than sequential 
prototypes)







4. Come up with concrete worked examples

Integration

Role

Look and feel

Implementation

Worked examples, or 
scenarios of tool usage 
showing real programs.

These let you 
simultaneously to start 
testing the functionality 
and fit of your idea while 
thinking about 
implementation feasibility.



user
observer

facilitator

computer / "wizard" updates 

the prototype in response to 

user actions

prototyped thing

WIZARD OF OZ STUDY



The illusion looks real...

Why is it called 

"Wizard-of-Oz"?



... but it's just a person controlling it.

The illusion looks real...

Why is it called 

"Wizard-of-Oz"?



A Discount Idea Evaluation Method

• Make a deck of slides

• Create a demo walkthrough of your 3 most 

exciting tool ideas

• They show real programs, real text

• They come with a problem description, solution 

description, and resolution

• Show this to 3 users, 3 tool builders. Ask 

questions that help you figure out if they’ve 
actually understood the tool and what they’d 
have to do to use it.



public class ControlFlowTest extends LightCodeInsightTestCase 
{ @NonNls

private static final String BASE_PATH = "testData/psi/controlFlow";

private static void doTestFor(final File file) throws Exception {
String contents = StringUtil.convertLineSeparators(FileUtil.loadFile(file)); 
configureFromFileText(file.getName(), contents);
// extract factory policy class name

Pattern pattern = Pattern.compile(" /̂/ ( \ \S*).*", Pattern.DOTALL); Matcher 
matcher = pattern.matcher(contents); assertTrue(matcher.matches());
final String policyClassName = matcher.group(1);
final ControlFlowPolicy policy;
i f   ("LocalsOrMyInstanceFieldsControlFlowPolicy".equals(policyClassName)) { policy = 

LocalsOrMyInstanceFieldsControlFlowPolicy.getInstance();
} else {

policy = null;
}


final int offset = getEditor().getCaretModel().getOffset(); 
PsiElement element = getFile().findElementAt(offset);
element = PsiTreeUtil.getParentOfType(element, PsiCodeBlock.class, false);
assertTrue("Selected element: " + element, element instanceof PsiCodeBlock);

ControlFlow controlFlow = ControlFlowFactory.getInstance(getProject()).getControlFlow(element, policy); String result 
= controlFlow.toString().trim();
final  String expectedFullPath = StringUtil.trimEnd(file.getPath(), ".java") + ".txt"; VirtualFile 
expectedFile = LocalFileSystem.getInstance().findFileByPath(expectedFullPath); String expected = 
LoadTextUtil.loadText(expectedFile).toString().trim();
expected = expected.replaceAll("\r", "");
assertEquals("Text mismatch (in f i l e  " + expectedFullPath + "):\n", expected, result);

}


// Not sure why this is failing on some simple tests (like flow3). It looks like the branching, reading, and

// writing structure is correctly captured. So maybe we should just update the test output.
private static void doAllTests() throws Exception {

final String testDirPath = BASE_PATH; File 
testDir = new File(testDirPath);
final File[] files = testDir.listFiles((dir, name) -> name.endsWith(".java"));
for (int i = 0; i < files.length; i++) { File 

file = files[i]; doTestFor(file);

System.out.print((i + 1) + " ");
}


}

3. Chop
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3. Chop

Show input data for element:

☐ type: CodeBlock

☐ text: "{ i = 1; if (i == 1) return true; }"

☐ textOffset: 52

☐ firstChild: PsiElement →
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i f   ("LocalsOrMyInstanceFieldsControlFlowPolicy".equals(policyClassName)) { policy = 

LocalsOrMyInstanceFieldsControlFlowPolicy.getInstance();
} else {

policy = null;
}


final int offset = getEditor().getCaretModel().getOffset(); 
PsiElement element = getFile().findElementAt(offset);

element = PsiTreeUtil.getParentOfType(element, PsiCodeBlock.class, false);
assertTr ceof PsiCodeBlock);

ControlFl getProject()).getControlFlow(element, policy);
String r

etPath(), ".java") + ".txt"; 
findFileByPath(expectedFullPath); 
tring().trim();

f inal St 
VirtualF 
String e 
expected 
assertEq

ue("Selected element: " + element, element instan


ow controlFlow = ControlFlowFactory.getInstance( esult 
= controlFlow.toString().trim();

ring expectedFullPath = StringUtil.trimEnd(file.g ile 
expectedFile = LocalFileSystem.getInstance(). xpected = 
LoadTextUtil.loadText(expectedFile).toS

= expected.replaceAll("\r", "");
uals("Text mismatch (in f i l e  " + expectedFullPath + "):\n", expected, result);

}

// Not sure why this is failing on some simple tests (like flow3). It looks like the branching, reading, and

// writing structure is correctly captured. So maybe we should just update the test output.
private static void doAllTests() throws Exception {

final String testDirPath = BASE_PATH; File 
testDir = new File(testDirPath);
final File[] files = testDir.listFiles((dir, name) -> name.endsWith(".java"));
for (int i = 0; i < files.length; i++) { File 

file = files[i]; doTestFor(file);

System.out.print((i + 1) + " ");
}


}

3. Chop

Show input data for element:

☐ type: CodeBlock

☐ text: "{ i = 1; if (i == 1) return true; }"

☐ textOffset: 52

☐ firstChild: PsiElement →



public class ControlFlowTest extends LightCodeInsightTestCase 
{ @NonNls

private static final String BASE_PATH = "testData/psi/controlFlow";

private static void doTestFor(final File file) throws Exception {
String contents = StringUtil.convertLineSeparators(FileUtil.loadFile(file)); 
configureFromFileText(file.getName(), contents);
// extract factory policy class name

Pattern pattern = Pattern.compile(" /̂/ ( \ \S*).*", Pattern.DOTALL); Matcher 
matcher = pattern.matcher(contents); assertTrue(matcher.matches());
final String policyClassName = matcher.group(1);
final ControlFlowPolicy policy;
i f   ("LocalsOrMyInstanceFieldsControlFlowPolicy".equals(policyClassName)) { policy = 

LocalsOrMyInstanceFieldsControlFlowPolicy.getInstance();
} else {

policy = null;
}

final int offset = getEditor().getCaretModel().getOffset(); 
PsiElement element = getFile().findElementAt(offset);
element = PsiTreeUtil.getParentOfType(element, PsiCodeBlock.class, false);
assertTrue("Selected element: " + element, element instanceof PsiCodeBlock);

;ControlFlow controlFlow = ControlFlowFactory.getInstance(getProject()).getControlFlow(element, policy)
String result = controlFlow.toS

f inal String expectedFullPath = 
VirtualFile expectedFile = Loca 
String expected = LoadTextUtil.

".java") + ".txt"; 
Path(expectedFullPath); 
im();

expected = expected.replaceAll("

tring().trim();


StringUtil.trimEnd(file.getPath(), 
lFileSystem.getInstance().findFileBy 
loadText(expectedFile).toString().tr
\r", "");
f i l e  " + expectedFullPath + "):\n",assertEquals("Text mismatch (in	 expected, result);

}


// Not sure why this is failing on some simple tests (like flow3). It looks like the branching, reading, and

// writing structure is correctly captured. So maybe we should just update the test output.
private static void doAllTests() throws Exception {

final String testDirPath = BASE_PATH; File 
testDir = new File(testDirPath);
final File[] files = testDir.listFiles((dir, name) -> name.endsWith(".java"));
for (int i = 0; i < files.length; i++) { File 

file = files[i]; doTestFor(file);

System.out.print((i + 1) + " ");
}


}

3. Chop

type: CodeBlock

text: "{ i = 1; if (i == 1) return true; }"

toString(): 
0: ReadVariable i

1: ConditionalGoTo [END] 2

...



public class ControlFlowTest extends LightCodeInsightTestCase 
{ @NonNls

private static final String BASE_PATH = "testData/psi/controlFlow";

private static void doTestFor(final File file) throws Exception {
String contents = StringUtil.convertLineSeparators(FileUtil.loadFile(file)); 
configureFromFileText(file.getName(), contents);
// extract factory policy class name

Pattern pattern = Pattern.compile(" /̂/ ( \ \S*).*", Pattern.DOTALL); Matcher 
matcher = pattern.matcher(contents); assertTrue(matcher.matches());
final String policyClassName = matcher.group(1);
final ControlFlowPolicy policy;

i f   ("LocalsOrMyInstanceFieldsControlFlowPolicy".equals(policyClassName)) { policy = 
LocalsOrMyInstanceFieldsControlFlowPolicy.getInstance();

} else {
policy = null;

}

final int offset = getEditor().getCaretModel().getOffset(); 
PsiElement element = getFile().findElementAt(offset);
element = PsiTreeUtil.getParentOfType(element, PsiCodeBlock.class, false); 
assertTrue("Selected element: " + element, element instanceof PsiCodeBlock);

;ControlFlow controlFlow = ControlFlowFactory.getInstance(getProject()).getControlFlow(element, policy)
String result = controlFlow.toS

f inal String expectedFullPath = 
VirtualFile expectedFile = Loca 
String expected = LoadTextUtil.

".java") + ".txt"; 
Path(expectedFullPath); 
im();

expected = expected.replaceAll("

tring().trim();


StringUtil.trimEnd(file.getPath(), 
lFileSystem.getInstance().findFileBy 
loadText(expectedFile).toString().tr
\r", "");
f i l e  " + expectedFullPath + "):\n",assertEquals("Text mismatch (in	 expected, result);

}


// Not sure why this is failing on some simple tests (like flow3). It looks like the branching, reading, and

// writing structure is correctly captured. So maybe we should just update the test output.
private static void doAllTests() throws Exception {

final String testDirPath = BASE_PATH; File 
testDir = new File(testDirPath);
final File[] files = testDir.listFiles((dir, name) -> name.endsWith(".java"));
for (int i = 0; i < files.length; i++) { File 

file = files[i]; doTestFor(file);

System.out.print((i + 1) + " ");
}


}

3. Chop

type: CodeBlock

text: "{ i = 1; if (i == 1) return true; }"

toString(): 
0: ReadVariable i

1: ConditionalGoTo [END] 2

...

Make example



public class ControlFlowTest extends LightCodeInsightTestCase 
{ @NonNls

private static final String BASE_PATH = "testData/psi/controlFlow";

private static void doTestFor(final File file) throws Exception {
String contents = StringUtil.convertLineSeparators(FileUtil.loadFile(file)); 
configureFromFileText(file.getName(), contents);
// extract factory policy class name

Pattern pattern = Pattern.compile(" /̂/ ( \ \S*).*", Pattern.DOTALL); Matcher 
matcher = pattern.matcher(contents); assertTrue(matcher.matches());
final String policyClassName = matcher.group(1);
final ControlFlowPolicy policy;

i f   ("LocalsOrMyInstanceFieldsControlFlowPolicy".equals(policyClassName)) {
policy = LocalsOrMyInstanceFieldsControlFlowPolicy.getInstance();

y);

}

and//

//

pr

} else {
policy = null;

}


final int offset = getEditor().getCaretModel().getOffset(); 
PsiElement element = getFile().findElementAt(offset);
element = PsiTreeUtil.getParentOfType(element, PsiCodeBlock.class, false);
assertTrue("Selected element: " + element, element instanceof PsiCodeBlock);

ControlFlow controlFlow = ControlFlowFactory.getInstance(getProject()).getControlFlow(element, polic String 
result = controlFlow.toString().trim();
final  String expectedFullPath = StringUtil.trimEnd(file.getPath(), ".java") + ".txt"; VirtualFile 
expectedFile = LocalFileSystem.getInstance().findFileByPath(expectedFullPath); String expected = 
LoadTextUtil.loadText(expectedFile).toString().trim();
expected = expected.replaceAll("\r", "");
assertEquals("Text mismatch (in f i l e  " + expectedFullPath + "):\n", expected, result);

Not sure why this is failing on some simple tests (like flow3). It looks like the branching, reading,

writing structure is correctly captured. So maybe we should just update the test output.

ivate static void doAllTests() throws Exception {

final String testDirPath = BASE_PATH; File 
testDir = new File(testDirPath);
final File[] files = testDir.listFiles((dir, name) -> name.endsWith(".java"));
for (int i = 0; i < files.length; i++) { File 

file = files[i]; doTestFor(file);

System.out.print((i + 1) + " ");
}


}

3. Chop (Informal 
Everyday Sharing)

Make example

Input:

element = PsiElement(type=CodeBlock, text="{i = 1, if(i == 1)...")

Snippet:

final ControlFlowPolicy policy = LocalsOrMyInstanceFieldsControlFlowPolicy.getInstance();
ControlFlow controlFlow = ControlFlowFactory.getInstance(getProject()).getControlFlow(element, policy);

Output: 
controlFlow.toString() = " 
0: ReadVariable i
1: ConditionalGoTo [END] 2
..."

Result



Objectives
• What prototypes should I make to help 

me find a good design?

• How should I collect feedback to 

improve my design?



Formative Study Design Activity

• For your final project (but this is an independent activity!), list 
three research questions you might want to answer.


• Pick one!  (Doesn’t have to be your favorite, just any RQ.)

• Take 5 minutes to brainstorm 3+ formative studies that would let 

you answer it.

• Which one do you think is likeliest to get the answer to the RQ?

• Turn to a partner—not any of your final project partners!  Share 

your ideas in turn.

• Do you think your partner’s idea is likely to answer the research 

question?  What risks/threats do you see?  Are there ways it 
might fail to answer the question?  Share!


