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Investigator’s Handbook Overview
The following handbook describes the empirical study entitled “Empirical Evaluation of Cognitive Patterns using informal whiteboard sessions at IBM”. This handbook is intended for Adam Murray, who will be conducting the empirical study, herein referred to as “the investigator”. 
This document is organized as follows: “Empirical Study Overview” describes the purpose of the empirical study and outlines the major research questions this study will address. “Technical Overview” explains how the investigator will collect data throughout the study. “Instructions” describes, to the investigator, how to conduct the empirical study and presents an overview of the questions directed to the participant. 
The document concludes with a selection of forms (Appendix A-G), copies of which are completed throughout the study. These forms also give a detailed description of each of the tasks the participant will be asked to perform. These forms include:

· Recruitment Form

· Orientation and Consent Checklist
· Consent Form
· Interview Question Template
· Questionnaire

· Post Interview Questions
For reviewers of this document: of primary importance is ideal use of participant and investigator time, and meeting research objectives. Please provide direct feedback to Adam Murray (Adam_Murray@ca.ibm.com).
Empirical Study Overview

Purpose: The aim of this study is to determine how developers comprehend software architecture. The main component of this study is the exploration of the cognitive patterns we have mined from a prior analogous field study. In this study, we focus on the diagrams developers draw, examining in particular the potential patterns that correspond to drawing and speaking macro-activities. 

Objectives:
•
To complete the cataloguing and description of the main cognitive patterns used by software engineers as they are modeling and understanding software
•
To validate the patterns by obtaining data from a variety of sources and also by conducting experiments to test the mental models of software engineers
•
To develop improvements to tools and modeling languages based on insights gained from the cognitive patterns (future work)
Major Research Questions:
•
What are common cognitive activities used by software engineers when understanding software?

•
Does our proposed set of cognitive patterns correspond to the ways software engineers actually think?

This empirical study will require 12-20 participants to spend 30-45 minutes each. The investigator should examine all material within a 45 minute span. 
After the interview, participants will complete a questionnaire that assesses their level of experience within the organization, and familiarity with various forms of diagrams.
During the session, investigators will ask participants to think aloud as they a) respond to interview questions, and b) complete other tasks.

Upon completing both studies, participants answer a short questionnaire where we collect further details of interest and participate in a brief open-ended interview.  Table 1 outlines this timeline.
	Tasks
	Completion Time

	Orientation and Consent Process
	5 Minutes

	Interview
	30 Minutes

	Questionnaire
	5 Minutes

	Post Study Interview
	5 Minutes

	Total
	45 Minutes


Table 1: Study Time Allocation
Technical Overview

Once the participant consents to be videotaped, a digital camera will capture diagrams and participant discussion. Simultaneously, the investigator will codify initial data using a macro application. The investigator is responsible for running the study, as well as capturing the codes and comments exhibited by the participant. Later, the data from the videos, the participant’s reaction, and the questionnaires will be analyzed for results corresponding to our research objectives.

Digitizing Data

Investigators convert digital video into MPEG format to support analysis and backup.
Codes
High level categories include drawing, speaking, chunking and thinking. We codify our data with the following codes
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Drawing 

Add Detail (ADD): Participant draws new material on whiteboard. We record code as soon as pen meets whiteboard

Remove Detail (REM): Participant modifies previous material, or erases some or all of whiteboard.

Starting Small (SML): Participant begins a new representation. Understanding the starting points of diagrams will help us develop a micro-theory about starting points for explanations and system understanding in general.

Speaking

Talking (TALK): Participant is speaking. Participant is neither drawing, nor discussing prior or future diagrams. 

Retain Meaning (MEAN): Participant references other diagram or diagrammatic elements. Participant describes meaning not captured through representation itself. 

Embedded Rationale (MBED): Participant describes rationale for drawing. In other words, why are they about to start explaining something; why are they erasing something or why are they adding new details. 

Thinking Big (BIG): Participant describes some unifying concept through a complete representation as opposed to its constituent parts. Participant discusses what lies ahead for representation.
Chunking

Snapshot (SNAP): Representation in a moment of time. Representation contains enough information that participant can speak to some meaning. Often involves participant pausing to reaffirm the details contained within the representation at a moment of time. 

Longview (LONG): A series of snapshots, typified by though not exclusive to steps leading to the completion of a diagram. The representation is complete enough that participant can move on to other questions or representations. A Longview consists of a completed set of snapshots. 

Thinking

Baseline Landmark (BASE): A participant continually references (verbally, or via representation) a central or familiar concept. Baseline landmarks, also known as ‘beacons’, are a well-known concept. 

Set Boundaries (SET): This code marks places in which participants set boundaries when answering the questions. Often this arises in the form of delimiting their expertise, shortening on account of time, or limiting a discussion based on simple or familiar cases (i.e. Baseline Landmarks).

Study Codes


Comment (Comment): Investigator comments on study or participants.
Noise: Disturbance from environment or investigator

Question: Investigator asks a question.

Space: Empty space longer than five seconds where participant neither speaks nor draws

Test Note: Comments directly related to how the study is run
Entering Codes during Field Study

To enter codes at ‘run-time’, the investigator will use Session Logger 1.5 running on a laptop. The macro application will allow the investigator to input time-scaled codes and comments and will allow for a first pass of the data and may allow the investigator to tailor interview questions.
Instructions
This guide is intended as an overview document for the empirical study process.  Print out one copy to read over before an empirical study, and follow the order in this guide during the study itself.  Each investigator (in the case of multiple investigators) should have a copy of the accompanying “Investigator Forms” document, which includes checklists and forms for taking notes. Print out a copy of the accompanying “Participant Forms” document for each participant.
	Document
	Description
	Forms Included

	Investigator’s Handbook
	Overview document
	All forms are included for reference as appendices

	Investigator Forms
	Investigators fill in material throughout the course of empirical study
	Orientation and Consent Process
Interview Question Template
Post-Study Interview

	Participant Forms
	Participant fills in forms throughout the course of empirical study
	2 copies of the consent form 

Questionnaire


Table 2: Allocation of Forms within Study Documents
Orientation and Consent Process (5 minutes)
Please see Appendix B for a checklist of investigator tasks during a new subject orientation. Please see Appendix C for the consent form to be used for the empirical studies.
General Guidelines

· Investigator may interact with the participant during the orientation, answering participant questions.
· Investigator should refrain from leading the participant. Investigator should keep participant involved through acknowledgements, but the investigator should not indicate if they are doing well, poorly, or asking inappropriate questions.
· Never give the participant a complete listing of questions in advance, as the participant may feel inadequate if they do not finish all the questions. Administer questions one at a time.
· Only one person (the principal investigator) speaks during the study. Other investigators may be present to take notes, make transcriptions or to make observations, but should refrain from speaking or interacting with the participant.
· Remember not to 'defend' the research (the existence of patterns) while the study is going on (or after).
· For think-aloud studies, the investigator should prompt participant with questions such as:
· What are you thinking right now?
· What do you think this message means?
· The investigator must not answer the participant's questions. Instead the investigator should ask questions which prompt the participant to explain their thoughts, and seek deeper meaning.
Equipment

Make sure the digital camera is recording

Make sure computer is prepared, and macro application works properly
Tick off the covered tasks as they are shown in the training checklists

Note difficulties or questions asked

Interview Questions (30 Minutes)
Please see Appendix D, Appendix E.
Questionnaire (5 minutes)
Please see Appendix F for a copy of the pre-study questionnaire.

· Give the questionnaire form to the participant for completion

· Encourage the participant to complete the questions on the form quickly; first impressions are fine.

· Do not talk to the participant as s/he fills in questionnaires.

Post Study Interview (5 minutes)

Please see Appendix G.

Remember to thank the participant for their participation
Appendix A: Recruitment Form

The following will be the text of the recruitment email:

Dear <name of person>

You are invited to participate in a research study to be undertaken by Adam Murray (Adam_Murray@ca.ibm.com), Ph.D. Candidate, University of Ottawa and IBM Ottawa in the November 2004 to June 2005 time frame. 

The primary goal for of our research project is to improve software engineering tools by understanding and applying the way software engineers think, draw and explain software (we call this knowledge cognitive patterns). Our aim is to develop improvements to tools and modeling languages based on insights gained from the cognitive patterns.

We are pleased to invite you to participate in this research study during February 7th-February 11th to help us further our understanding of cognitive patterns.


Each individual session should last approximately 30-45 minutes.


Sessions take place at 9:30 A.M., 11:00 A.M., 1:00 P.M., and 2:30 P.M.


The study is conducted in English.


Throughout the study, Adam Murray, the principal researcher, will ask open-ended questions about the software architecture of your software system.


The session is held from the perspective of describing architecture to a new-hire using a whiteboard.


The whole session will be videotaped, with the camera zooming in on architectural details.

We are only interested in the patterns you use when you understand software, we are not evaluating you, and the results of the study will remain confidential (your manager will not be privy to the details of individual sessions). Your manager has provided permission, but whether you participate or not is confidential - you should not feel an obligation to participate in this study.

If you are interested please reply to Adam Murray Adam_Murray@ca.ibm.com. Additional queries may be forwarded to Adam Murray’s dissertation supervisor, Professor Timothy C. Lethbridge (University of Ottawa), tcl@site.uottawa.ca, 562-5800 x6685.
Appendix B: Orientation and Consent Process Checklist
Please use the following checklists during the empirical study to ensure all participants receive the same orientation.  Please describe any questions or difficulties experienced by the participant, to help improve and refine the empirical study design. When using the following check list, be sure to speak in a natural (non-mechanical) way.
	TASK
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	Welcome participant 


	
	

	Our purpose is to learn the way people think, draw and explain complex software architecture, particularly drawing techniques for architectural details.
Our objectives include
•
To complete the cataloguing and description of the main cognitive patterns used by software engineers as they are modeling and understanding software

•
To validate the patterns by obtaining data from a variety of sources and also by conducting studies to test the mental models of software engineers

•
To develop improvements to tools and modeling languages based on insights gained from the cognitive patterns

Please explain the system architecture as if you are explaining it to a new hire; assuming computer science degree, basic user knowledge. 
Please explain the architecture, using the whiteboard as necessary. 
The whole session will be videotaped, with the camera zooming in on architectural details. 
Main points of consent form:

· Participation is voluntary

· Explain that participation is voluntary and that participant may withdraw at any time; their data will not be used in this case

· Remind the participant that the study and the system under study are confidential. Results are confidential as well.

· Management supports this research, but does not see any of the data

· Your anonymity will be protected at all times.


	
	

	Please read over and sign consent form <start taping>
	
	

	Results may improve software applications within IBM Ottawa

	
	

	Introduce study procedure:

   Orientation 5
   Interview 30
   Questionnaires 5
   Final Interview and questions 5

	
	

	The purpose is to study how people understand and explain software and not them


	
	

	Explain study set-up (camera, computer for taking notes).  

	
	

	You are welcome to ask questions since we want to know what kinds of questions you find interesting related to our research topic; however, I may not answer most questions since I do not want to introduce bias to your answers.

	
	

	Please think out loud (provide an example)


	
	

	Do you have any questions before the start of the study?

	
	


Appendix C: Consent Form
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Consent Form 

Title of the study: Empirical Evaluation of Cognitive Patterns using Informal Whiteboard Sessions
Name of Researcher: Adam Murray


Phone:
(613) 591-2936,

Department/School: SITE






Faculty: Engineering




E-mail: amurray@site.uottawa.ca

Institute: University of Ottawa

Supervisor: Dr. Timothy Lethbridge

Phone:
(613) 562-5800 x6685,

Department/School: SITE



Fax:     (613) 822-5473


Faculty: Engineering




E-mail: tcl@site.uottawa.ca

Institute: University of Ottawa


Position: Associate Professor

Invitation to Participate: I am invited to participate in the abovementioned research study conducted by Adam Murray, PhD student, who is supervised by Dr. Timothy Lethbridge, of the Faculty of Engineering. The project is funded by IBM and Natural Sciences and Engineering Research Council of Canada (NSERC).
Purpose of Study: I understand that the purpose of the study is to learn the common cognitive procedures that people use to explain complex software architecture, particularly visualization techniques for architectural details.

Participation: The study is conducted in English and my participation will consist essentially of the following: I will be asked some prepared questions regarding my system’s software “architecture”, and will try to answer using diagrams on a whiteboard.  The session will be conducted individually and not in a group format.  Total time required will be 30-45 minutes.
Risks: I understand that this activity involves no known risks, but that should any unexpected adverse situation arise (e.g. participant needs to leave for any reason), the researchers will terminate the session. 

Voluntary Participation: I understand that participation is strictly voluntary. If I choose to participate, I am free to withdraw from the study at any time. I may also refuse to perform any task or answer any question. I agree to be videotaped. The researchers require videotaping to capture the rich visualization techniques participants exhibit. I may also request that the video camera be turned off at any time. If I choose to withdraw, all data gathered until the time of withdrawal will be completely erased. 

Confidentiality: The videotapes will be viewed only by Adam Murray and Dr. Lethbridge. The data will only be used to discover general patterns, which will be published. No identifiable details of what I do or say will be published. The anonymous transcripts with no identifying information may be discussed with other researchers in the research group. Other researchers include: Janice Singer of the National Research Council; Hanna Farah (Masters Student, performing research directly related to the proposed study); and Abdelwahab Hamou-Lhadj (Ph.D. Candidate). To reiterate, the data will be anonymous.
If I am an IBM employee, I understand that my manager has given permission for me to participate, but my manager will not be informed of whether or not I participate.
Anonymity: My anonymity will be protected at all times. The researcher assures me that I will not be identified in any publications.  I may be quoted using phrases that indicate my state of mind, but I will not be identified.    

Conservation of data: The videotapes and paper forms will be secured digitally in the supervisor’s office at the university. The computers will be protected by passwords and firewalls. The videotapes and paper forms will be stored for 5 years after the time of publication, at which time they will be destroyed.

Acceptance: I agree to participate in the above research study conducted by Adam Murray of SITE, University of Ottawa, under the supervision of Dr. Timothy Lethbridge. I understand that by accepting to participate I am in no way waiving my right to withdraw from the study.

If I have any questions, I may contact Adam Murray or Dr. Lethbridge at 562-5800 ext 6685 (email: tcl@site.uottawa.ca). If I have any ethical concerns regarding my participation in this study, I may contact the Protocol Officer for Ethics in Research, University of Ottawa, Tabaret Hall, 550 Cumberland Street, Room 159, Ottawa, ON (613) 562-5841 or ethics@uottawa.ca.

There are two copies of the consent form, one of which is mine to keep.

Participant's signature: 
(Signature)

Date:  (Date)
Researcher's signature: 
(Signature)

Date: (Date)
 Appendix D (Eclipse): Question Template
	INVESTIGATOR QUESTION
	Time
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	1) Imagine I am a new hire with basic knowledge of computer science, and a user’s knowledge of Eclipse; please explain the architecture of this system and related systems to me?

	
	

	2) Please explain very briefly the main subsystems, layers, processes, and data structures?

	
	

	3) Please explain how you see the Eclipse architecture in terms of control flow and data structures when a user adds a plug-in?

	
	

	4) Please explain the how the following things work with the architecture:

1-The plug-in framework
2-Model-View-Controller

	
	

	5) Please explain the different versions of the system that might be available and how they differ in architecture. (E.g. compare how v1.0 differs from v3.0)?

	
	

	6) Please explain how Eclipse interacts with other IBM products (e.g. RSA, RAD)?

	
	

	7) Please explain how the architecture supports the following features:

· Browsing type hierarchies
· Java editor
· Managing code repository

	
	

	8) Please explain how the architecture supports modification (e.g. adding new features)?

	
	

	9) Please explain what you know about how the system is evolving to support Business Intelligence and reporting tools (or Rich Client Platform)?

	
	

	10) Please explain the aspects of the architecture that you find the most complex, difficult or inflexible, and what you would do differently if you could start over or make major changes?

	
	


Appendix E (RSA): Question Template
	INVESTIGATOR QUESTION
	Time
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	1) Imagine I am a new hire with basic knowledge of computer science, and a user’s knowledge of RSA; please explain the architecture of this system and related systems to me?

	
	

	2) Please explain very briefly the main subsystems, layers, processes, and data structures?

	
	

	3) Please explain how you see the RSA architecture in terms of control flow and data structures when a user transforms a model or visualizes a model through a browse diagram?

	
	

	4) Please explain the how the following things are incorporated in the architecture:

1-Profiles

2-The plug-in framework

	
	

	5) Please explain the different versions of the system that might be available and how they differ in architecture. (e.g. XDE or RT as opposed to RSA)?

	
	

	6) How do different products within RSA interact? (e.g. ReqPro)

	
	

	7) Please explain how the architecture supports the following features:

· Traceability

· Model diff

· Pattern Authoring


	Visualization Features:

· Browse Diagrams

· Topic Diagrams

· Visualize Diagrams


	
	

	8) Please explain how the architecture supports modification (e.g. adding new features)?

	
	

	9) Please explain what you know about how the system is evolving to support service-oriented architecture (SOA) or Integration with WBI models?

	
	

	10) Please explain the aspects of the architecture that you find the most complex, difficult or inflexible, and what you would do differently if you could start over or make major changes?

	
	


Appendix F: Questionnaire

Please answer the following questions as completely as you can. If you feel uncomfortable answering a question, please skip it. Your name will not be recorded. 

The following questions aim to gather your level of experience with diagrams of various types.

(1) How many years of software development experience do you have?

(2) How long have you worked with the system you develop?

(3) On my current or last software project, I drew or modelled this type diagram (please circle the appropriate familiarity):

	
	Unfamiliar
	Beginner
	Intermediate
	Knowledgeable
	Expert

	Class Diagrams
	O
	O
	O
	O
	O

	Composite Structure Diagram
	O
	O
	O
	O
	O

	Component Diagram
	O
	O
	O
	O
	O

	Deployment Diagram
	O
	O
	O
	O
	O

	Use Case Diagrams
	O
	O
	O
	O
	O

	Activity Diagrams
	O
	O
	O
	O
	O

	State Machine Diagrams
	O
	O
	O
	O
	O

	Sequence Diagrams
	O
	O
	O
	O
	O

	Communication Diagrams
	O
	O
	O
	O
	O

	Free Form-Diagrams
	O
	O
	O
	O
	O


Appendix G: Post-Study Interview
The post-study interview involves open-ended questions. The investigator may probe interesting details from the empirical study, and clarify what the participant was thinking during certain moments.  The investigator should refer to notes and ask questions such as:

· How useful are diagrams to you?

· How frequently do you use the whiteboard to discuss software?

· What tool features would help you to record the data you provided? Would a tool be useful if it was more like a whiteboard?

· Do you have any general feedback about the procedure used today, or the questions you were asked? Are there any questions you think we should have asked?
· When you answered the following question, XX, at a certain point something interesting happened, XX.  Can you describe further details?

· You mentioned XX, can you say more about what you meant by XX?

· Mention future study, and call for participation

Remember to thank the participant for their participation
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