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Research Questions

• What information a programmer needs to know about a code base 
while performing a change task?

• How programmers go about discovering that information?



Contributions

• An empirically based catalog of the 44 types of questions asked by 
the participants 

• Description of important context for how those questions were 
answered by participants, including their use of tools.



STUDY METHOD

• Two qualitative studies of programmers performing change tasks

• Used grounded theory as a qualitative research approach: 
• Described as an emergent process intended to support the production of a 

theory that “fits” or “works” to explain a situation of interest

• In this approach, data collection, coding and analysis do not happen strictly 
sequentially, but are overlapping activities.

• Analysis was an iterative process of discovering questions



STUDY METHOD

• Data collected from:
• Audio recordings made during study sessions

• Field notes

• Recorded informal interviews 

• Video of the screen was captured (study 1)

• Logs made automatically of the events in Eclipse (study 1)



STUDY METHOD

• Study 1:
• Medium programs(around 20,000 

lines of code) 

• 9 newcomers with at least one 
year experience 

• Pairs of programmers: a driver and 
an observer

• 45-minute session 

• Twelve sessions of using Eclipse 
Java Development Environment

• Study 2: 
• Large-sized (over one million lines of 

code) code bases.

• 16 programmers industrial setting.

• Working alone

• 30-minute session 

• Work on a system implemented in a 
range of languages

• Working on “not a simple local fix”



Results

• Questions are categorized into four categories:
1. Questions aimed at finding initial focus points 

2. Questions that build on initial points 

3. Questions that build a model of connected information 

4. Questions that integrate across models built from the previous category

• Observations about the context in which questions were asked and 
answered.



Results

• Code base as a graph of entities (e.g., methods and fields) 

• Relationships between entities (e.g., references and calls)



1- Finding Initial Focus Points

• Questions in this category are:
• Asked at the beginning of sessions

• Asked by the newcomers in particular

• To answer these questions programmers used:
• Text-based searches or Eclipse’s Open Type Tool (large 

number of results)

• Scrolling/scanning through code or overviews

• Use debugger 



1- Finding Initial Focus Points

• Summary of the types of questions asked in this category: 
• Is there an entity named something like this in that unit (for example in a 

project, package or class)?

• Is there a precedent or exemplar for this? 

• Where in the code is the text in this error message or UI element?

• Where is there any code involved in the implementation of this behavior?

• Which type represents this domain concept or this UI element or action?



2- Building on Those Points

• Aimed to learn more about a 
given entity and to find more 
information relevant to the 
task

• Many questions in this 
category could be answered 
directly with the tools 
available (or approximated)

• Noisy results for questions 
about connections involving 
polymorphism, inheritance 
events 



2- Building on Those Points

• Questions about types:
• What are the parts of this type?
• Which types is this type a part of?
• Where does this type fit in the type hierarchy?
• Does this type have any siblings in the type hierarchy?
• Where is this field declared in the type hierarchy?
• Who implements this interface or these abstract methods?

• Questions about discovering entities and relationships that capture incoming connections to a given entity
• Where is this method called or type referenced?
• When during the execution is this method called?
• Where are instances of this class created?
• Where is this variable or data structure being accessed?
• What data can we access from this object?

• Questions around outgoing connections from a given entity
• What does the declaration or definition of this look like?
• What are the arguments to this function?
• What are the values of these arguments at runtime?
• What data is being modified in this code?



3- Understanding a Subgraph

• Questions about building an understanding of 
concepts in the code that involved multiple 
relationships and entities.

• Require an understanding of the overall structure of 
the relevant subgraph

• To answer these questions
• participants often revisited entities, repeating questions 

of the last two categories

• e.g. “I forgot what we figured out from that”



3- Understanding a Subgraph

• Questions aimed at understanding certain behavior and the structure of specific parts of the 
code base
• How are instances of these types created and assembled?
• How are these types or objects related?
• How is this feature or concern (object ownership, UI control, etc) implemented?
• What in this structure distinguishes these cases?
• What is the behavior these types provide together and how is it distributed over the types?
• What is the “correct” way to use or access this data structure?
• How does this data structure look at runtime?

• Questions about data and control flow.
• How can data be passed to (or accessed at) this point in the code?
• How is control getting (from here to) here?
• Why isn’t control reaching this point in the code?
• Which execution path is being taken in this case?
• Under what circumstances is this method called or exception thrown?
• What parts of this data structure are accessed in this code?



4- Questions Over Groups of Subgraphs

• Questions over related groups of subgraphs.

• Understanding the relationships between 
multiple subgraphs

• Understanding the interaction between a 
subgraph and the rest of the system

• To answer these questions:
• Programmers used split Emacs windows and 

multiple monitors/ windows



4- Questions Over Groups of Subgraphs

• Questions about how two subgraphs were connected
• How does the system behavior vary over these types or cases?
• What are the differences between these files or types?
• What is the difference between these similar parts of the code (e.g., between sets of 

methods)?
• What is the mapping between these UI types and these model types?

• Questions around how to change given number of structures
• Where should this branch be inserted or how should this case be handled?
• Where in the UI should this functionality be added?
• To move this feature into this code what else needs to be moved?
• How can we know this object has been created and initialized correctly?
• What will be (or has been) the direct impact of this change?
• What will be the total impact of this change?
• Will this completely solve the problem or provide the enhancement?



Frequency of Question 
Types Across Sessions.



QUESTIONS IN CONTEXT

• Put these questions and activities into context by describing aspects 
of the observed process of asking and answering questions.



A More Involved Anecdote

• Activities around asking and answering 
questions were interleaved, with the goal of 
building an answer to the higher-level 
question.

• E16 used several different tools (GDB, diff, 
grep and VI).

• Each of these tools were in separate windows:
• “I got one where I am running the program”
• “one where I am actually looking at the code”
• “one where I am just searching for other things”

• She described her process as a path:
• “You go down a path to try to find out some 

information and it leads to a dead end and you got 
to start all over again.”



IMPLICATIONS OF OUR RESULTS

• Participants struggle to refine their questions and to then map those 
questions to tools.

• Tools support only low-level questions 

• To answer a participant’s higher-level question, multiple tools were 
often used

• The result sets from tools include many items irrelevant to the 
original questions

• The use of multiple tools required participants to mentally piece 
together pieces of information from multiple (often noisy) result sets.



Limitations of Studies

• The use of pairs in our first study likely impacted the change process 
we observed.

• Our results need to be interpreted relative to the types of tasks used.

• The questions asked and the process of answering those are 
influenced by the tools available and by individual differences among 
the participants themselves.



Future Work

• We have made no effort to rank the questions we observed being 
asked by some measure of importance.

• We observed participants working for only a relatively short period of 
time

• An analysis of the questions asked at different stages of working on a 
task



Thank you 




Questions

• Have you made changes to someone else’s code? What questions did 
you ask? What tools do you use to find answers? 

• Many decisions were made while colleting the data e.g. session time 
(45 min), pairs of programmers...etc. what do you think of the study 
settings? What would you differently? 

• How can we make use of results of this study? 

• What are the strength and weaknesses of the paper? 


