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• If you are in a different time zone, no need to attend the live lecture.
• We could arrange an office hour for you to participate and discuss.



https://web.stanford.edu/class/cs244
/papers/HowtoReadPaper.pdf
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Meet Stuart Dent
• Name:
• Stuart Dent (a.k.a. “Stu”)

• Advisor:
• Prof. Helen Back

• Topic:
• Merging Stakeholder views in 

Model Driven Development

• Status:
• 2 years into his PhD
• Has built a tool [Stu-Merge]
• Needs an evaluation plan



Many available methods…
Common
“in the lab”

Methods

!Controlled Experiments
• Rational Reconstructions

• Exemplars

• Benchmarks
• Simulations

Common
“in the wild”

Methods

! Quasi-Experiments
! Case Studies
! Survey Research
! Ethnographies
! Action Research

" Artifact/Archive Analysis (“mining”!)



Qualitative vs Quantitative
• Often:

• Words (qual) vs Numbers (quant)
• Open-ended questions (qual interview questions)

vs 
Closed-ended questions (quant hypotheses)



Mixed-Methods

• Qual. + Quant.
• Collecting both quantitative and qualitative data, integrating the two 

forms of data, and using distinct designs that may involve 
philosophical assumptions and theoretical frameworks.

Chapter 1 - Creswell, J. W., & Creswell, J. D. (2017). Research design: Qualitative, quantitative, and 
mixed methods approaches. Sage publications.



Agenda for Today

• Study Design Planning Checklist
• Homework debrief
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What type of question are you asking?
"Existence:

Ä Does X exist?

"Description & Classification
Ä What is X like?
Ä What are its properties?
Ä How can it be categorized?
Ä How can we measure it?
Ä What are its components?

"Descriptive-Comparative
Ä How does X differ from Y?

"Frequency and Distribution
Ä How often does X occur?
Ä What is an average amount of X?

"Descriptive-Process
Ä How does X normally work?
Ä By what process does X happen?
Ä What are the steps as X evolves?

"Relationship
Ä Are X and Y related?
Ä Do occurrences of X correlate with occurrences of 

Y?

"Causality
Ä Does X cause Y?
Ä Does X prevent Y?
Ä What causes X?
Ä What effect does X have on Y?

"Causality-Comparative
Ä Does X cause more Y than does Z?
Ä Is X better at preventing Y than is Z?
Ä Does X cause more Y than does Z under one 

condition but not others?

"Design
Ä What is an effective way to achieve X?
Ä How can we improve X?
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Putting the Question in Context

The Research
Question

How does this relate to
the established literature?

What new perspectives are
you bringing to this field?

Existing Theories

New Concepts



Choosing a Research Topic

• Can it be studied?
vs
• Should it be studied?
• Does it add to the body of knowledge?
• Who else besides you would care about results?



Systematical Literature Review (SLR)

• Helps you choose a research topic:
• Determine if the topic is worth studying
• Limit the scope

• Ask yourself: How does this project contribute to the literature?
• Addresses a new topic
• Uses new data collection method
• Extends the discussion
• Replicates a study in a new situation
• Refines / extends a theory



"Indeed, one of my major complaints about the 
computer field is that whereas Newton could say, "If 
I have seen a little farther than others, it is because I 
have stood on the shoulders of giants," 

I am forced to say, "Today we stand on each other's 
feet." Perhaps the central problem we face in all of 
computer science is how we are to get to the 
situation where we build on top of the work of 
others rather than redoing so much of it in a trivially 
different way. Science is supposed to be cumulative, 
not almost endless duplication of the same kind of 
things". 

---- Richard Hamming 1968 Turning Award Lecture



History of SLRs in Software Engineering

• Rather new, only since the 90’s
• Inspired by evidence based medicine
• ‘the conscientious, explicit, judicious use of current best evidence in 

making decisions about the care of individual patients.’ (Sackett et al. 
1996)
•





https://research-seminar.github.io/slides/EiriniKalliamvakou_SystematicLiteratureReviews.pdf



Forms of Lit Review

• Integrate what others have done and said
• Criticize prior work
• Build bridges between related topics
• Identify the central issues in a field



Glossary (1 of 2)

• Primary study. (In the context of evidence) An empirical study investigating 
a specific research question.
• Secondary study. A study that reviews all the primary studies relating to a 

specific research question with the aim of integrating/synthesising
evidence related to a specific research question.
• Tertiary study (also called a tertiary review) is a review of secondary 

studies related to the same research question. (also called a tertiary 
review). A review of secondary studies related to the same research 
question.



Glossary (2 of 2)

• “Systematic mapping study (also referred to as a scoping study): A broad review of 
primary studies in a specific topic area that aims to identify what evidence is available on 
the topic.” (Kitchenham and Charters, 2007)

• “Systematic literature review: (also referred to as a systematic review). A form of 
secondary study that uses a well-defined methodology to identify, analyse and interpret
all available evidence related to a specific research question in a way that is unbiased and 
(to a degree) repeatable.” (Kitchenham and Charters, 2007)

• “Reliability: Demonstrating that the operations of a study – such as the data collection 
procedures – can be repeated, with the same results.” (Yin, 2009)

•

https://www-sciencedirect-com.ezproxy.library.uvic.ca/science/article/pii/S0164121213001234?via%3Dihub
https://www-sciencedirect-com.ezproxy.library.uvic.ca/science/article/pii/S0164121213001234?via%3Dihub
https://www-sciencedirect-com.ezproxy.library.uvic.ca/topics/computer-science/data-collection-procedure
https://www-sciencedirect-com.ezproxy.library.uvic.ca/science/article/pii/S0164121213001234?via%3Dihub


For even more types: http://bit.ly/2h2IVqE



A common point of confusion!

• Systematic literature mapping studies → structure a research area
• Systematic literature reviews gather and synthesize evidence





General advice

• Do a mapping study before a systematic literature review…



Literature Map of Research
• A literature map is a visual summary of existing 

research on a topic
• The structure of the literature map may be:
• a hierarchical pattern
• a flowchart layout
• a series of circles



Mapping study steps

http://robertfeldt.net/publications/petersen_ease08_sysmap_studies_in_se.pdf



Selecting Literature Material
• Start with broad syntheses (such as encyclopedias) if 

you are new to the topic
• Turn to journal articles in national journals
• Best source for research reports

• Next consider books
• Then examine conference papers
• Scan for dissertations
• Last consider reports on the web



An Example of Literature Map









WRITING MY FIRST LITERATURE REVIEW

https://sites.lafayette.edu/econ408-fa19-
jarretlm/2019/12/05/writing-my-first-literature-review/





The real work







Good examples
• Kitchenham, B., Brereton, O. P., Budgen, D., Turner, M., Bailey, J., & Linkman, S. 

(2009). Systematic literature reviews in software engineering–a systematic 
literature review. Information and software technology, 51(1), 7-15. 
• Beecham, S., Baddoo, N., Hall, T., Robinson, H., & Sharp, H. (2008). Motivation in 

Software Engineering: A systematic literature review. Information and software 
technology, 50(9), 860-878. 
• Hossain, E., Babar, M. A., & Paik, H. Y. (2009, July). Using scrum in global software 

development: a systematic literature review. In Global Software Engineering, 
2009. ICGSE 2009. Fourth IEEE International Conference on (pp. 175-184). Ieee. 
• Dybå, T., & Dingsøyr, T. (2008). Empirical studies of agile software development: A 

systematic review. Information and software technology, 50(9), 833-859. Chicago 
• Šmite, D., Wohlin, C., Gorschek, T., & Feldt, R. (2010). Empirical evidence in global 

software engineering: a systematic review. Empirical software engineering, 15(1), 
91-118.





Putting the Question in Context

The Research
Question

How does this relate to
the established literature?

What new perspectives are
you bringing to this field?

Existing Theories

New Concepts

Philosophical Context

Positivist Constructivist

Critical theory Pragmatist

What will you accept
as valid truth?



Choice of method depends on the research question being 
asked (exploratory, confirmatory, relationship) as well as 
the researcher’s philosophical perspective

Easterbrook et al Chapter
- Selecting Methods -



Research Designs
• Step 1 to design empirical research:

adopt a general (and guiding) approach

• Three main approaches:

• Qualitative

• Quantitative

• Mixed Methods

• Qual. vs Quant.:

• Not dichotomies

• Rather, different ends on a continuum

Chapter 1 - Creswell, J. W., & Creswell, J. D. (2017).
Research design: Qualitative, quantitative, and 
mixed methods approaches. Sage publications.



A Framework for Research—
The Interconnection of Worldviews, Design, and Research Methods





Paradigms – Postpositivism



Positivist View

• Traditional form of research, also referred to as the scientific method; 
or empirical science; or postpositivism



Positivist View

• Traditional form of research, also referred to as the scientific method; 
or empirical science; or postpositivism

• More often quant. research than qual.

• Never absolute truth of knowledge
• Can’t be “positive” about our claims of knowledge when studying 
human behavior and actions
• Do not prove a hypothesis; instead, fail to reject the hypothesis



Positivist View (2)

• Deterministic philosophy: causes probably determine effects or 
outcomes

• Research seeks to identify the causes that influence outcomes 
(e.g., experiments)

• Reductionistic in nature:
• small, discrete set of ideas to test, e.g., variables that comprise 

hypotheses and research questions



Positivist View (3)

• Knowledge develops through careful observation and measurement 
of the objective reality “out there” in the world.
• Laws or theories govern the world

• need to be tested, verified, refined so that we can understand 
the world

• Accepted approach: 
begin with a theory à collect data that either supports or refutes the 
theory à make necessary revisions à perform additional tests



Paradigms – Constructivism



(Social) Constructivist View

• Typically qual research
• Individuals develop subjective meanings of their experiences, directed  

toward objects or things
• Meanings are varied and multiple, look for complexity of views
• Meanings are not imprinted but rather formed through interaction with others     

(hence social constructivism)

• The goal is to rely as much as possible on the participants’ views of the 
situation being studied.
• Inductive



(Social) Constructivist View 2

• Researchers want to make sense of (or interpret)
• the meanings others have about the world.

• generate or inductively develop a theory rather than start with one



Paradigms – Advocacy / Participatory/ Transformative



Transformative View

• Research inquiry needs to be intertwined with politics
• the research contains an action agenda for reform that
may change the lives of the participants
• focuses on the needs of groups and individuals that
may be marginalized or disenfranchised
• addresses important social issues of the day, such as
empowerment, inequality, oppression



Paradigms – Pragmatism



Pragmatic View

• Arises out of actions, situations, and consequences rather than 
antecedent conditions (as in postpositivism)
• Instead of focusing on methods, researchers emphasize the research 

problem and use all approaches available to understand it
• Typical for mixed methods studies

• “Researchers would simply like to change the subject”



Philosophical Worldviews
Chapter 1 - Creswell, J. W., & Creswell, J. D. (2017).
Research design: Qualitative, quantitative, and 
mixed methods approaches. Sage publications.
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Identify Appropriate Theories
Where do theories come from?



The Role of Theory

• A scientific theory identifies and defines a set of phenomena; 
makes assertions about their nature and the causal relationships 
between them.
• Positivism: science - verifying theories by testing hypotheses 
derived from them.

• Strong predictive power
• Generalized models of cause-and-effect as basis

• Constructivism: science - seeking local theories that emerge 
from (and explain) the data.

• Strengthens an understanding of complex situations
• Categorizations and analogies



A simpler definition

A (good) Theory is the best explanation of 
all the available evidence



The Use of Theory

• Quantitative tests theories as explanations
• Qualitative studies may generate the theory
• Mixed methods studies may have no theories at all or a theoretical 

framework in which both quantitative and qualitative data are 
collected



Variables in Quantitative Research
• A variable is a characteristic of an individual or group that is 

measurable.  
• Examples of variables in a study may include age, gender and 

socioeconomic status. 
• Variables may have temporal order, or be measurable or observable.  
• Another term for a variable is a construct.



Theories in Quantitative Research

• Here a theory is a scientific predication or explanation of what the 
Researcher expects to find out about a set of interrelated variables.
• When a Researcher uses a theory to predict the anticipated outcome 

of a study he/she has created the hypothesis.
• As the Researcher conducts the study and puts forward an 
explanation for his/her predictions and study findings, he/she is 
presenting his/her theory.



The Deductive Approach Used in 
Quantitative Research



Qualitative Theory Use





Borrowed Theories: Transparency and 
Signaling
• Transparency
• “accurate observability, of an organization’s low-level activities, routines, 

behaviors, output, and performance”*

+ Politics, finance, government, workplace
+ Performing in front of an audience
+ Accountability, coordination
- May hurt creativity and streamlining
- Information overload *Bernstein, E. S. (2012). The transparency paradox a role for privacy in 

organizational learning and
operational control. Administrative Science Quarterly, 57(2), 181-216.



GitHub: Transparency

• Open source hosting environment
• 28 million users, 85 million repositories
• Social media functionality
• Transparency















































Transparency and Signaling
Signals
• Original idea from evolutionary biology
• Visible clues that imply hidden quality
• Types of signals

• Assessment: visible clue cannot be produced without hidden quality

• Conventional: meaning is agreed upon, will continue to exist only if 
enforced by norms







Conventional Signals – Trustworthy?
https://www.careerexcuse.com/
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The Theoretical Lens

• Our Theories impact how we see the world
• Real-world phenomena too rich and complex
• Need a way of filtering our observations
• The theory guides us, whether it is explicitly stated or not

• In Quantitative Methods:
• Theoretical lens tells you what variables to measure…
• …and which to ignore or control

• In Qualitative Methods:
• Theoretical lens usually applied after data is collected
• …and used to help with labeling and categorizing the data
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Theories are good for generalization…
Statistical Generalization

• Generalize from sample to 
population

• Can only be used for quantifiable 
variables

• Based on random sampling:
• Test whether results on a sample apply 

to the whole population

• Not useful when:
• You canʼt characterize the population
• You canʼt do random sampling
• You canʼt get enough data points

Analytical Generalization

• Generalize from findings to theory

• Applicable to quantitative and 
qualitative studies

• Compares findings with theory
• Do the data support/refute the theory?
• Do they support this theory better than 

rival theories?

• Supports empirical induction:
• Evidence builds if subsequent studies 

also support the theory

• More powerful than stats
• Doesnʼt rely on correlations
• Examines underlying mechanisms



The Role of Theory Building
• Theories lie at the heart of what it means to do science.
• Production of generalizable knowledge

• Theory provides orientation for data collection
• Cannot observe the world without a theoretical perspective

• Theories allow us to compare similar work
• Theories include precise definition for the key terms
• Theories provide a rationale for which phenomena to measure

• Theories support analytical generalization
• Provide a deeper understanding of our empirical results
• …and hence how they apply more generally
• Much more powerful than statistical generalization



Take home messages

• Articulate the theory(s) underlying your work
• Be precise about your research questions
• Be explicit about your philosophical stance
• Use the theory to guide the study design

Test the Theory not the Tool





Putting the Question in Context

The Research
Question

How does this relate to
the established literature?

What new perspectives are
you bringing to this field?

What methods are appropriate
for answering this question?

Existing Theories

New Concepts

Methodological Choices

Empirical
Method

Data Collection
Techniques

Data Analysis
Techniques

Philosophical Context

Positivist Constructivist

Critical theory Pragmatist

What will you accept
as valid truth?



Easterbrook et al Chapter
- Selecting Methods -

• Controlled Experiments (Quasi-experiments):
• determine precisely how variables are related
• or whether a cause–effect relationship exists

• Case Studies (Exploratory/Confirmatory)
• offer in-depth understanding of how and why certain 
phenomena occur

• Survey Research
• identify the characteristics of a broad population



• Ethnographies
• study a community of people to understand how the 
members of that community make sense of their social 
interactions

• Action Research
• attempt to solve a real-world problem while 
simultaneously studying the experience of solving the 
problem

Easterbrook et al Chapter
- Selecting Methods -
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Choose a Method…
• Exploratory

Used to build new theories where we 
donʼt have any yet

• E.g. What do CMM level 3 organizations 
have in common?

• E.g. What are the experiences of 
developers who have adopted Ruby?

• Descriptive
Describes sequence of events and 

underlying mechanisms
• E.g. How does pair programming 

actually work? 
• E.g. How do software immigrants 

naturalize? 

• Causal
• Determines whether there are causal 

relationship between phenomena
• E.g. Does tool X lead to software with fewer 

defects?
• E.g. Do requirements traceability tools help 

programmers find information more rapidly? 

• Explanatory
• Adjudicates between competing explanations 

(theories)
• E.g. Why does software inspection work?
• E.g. Why do people fail to document their 

requirements?



How will you substantiate your claims?
Common
“in the lab”

Methods

!Controlled Experiments
• Rational Reconstructions

• Exemplars

• Benchmarks
• Simulations

Common
“in the wild”

Methods

! Quasi-Experiments
! Case Studies
! Survey Research
! Ethnographies
! Action Research

" Artifact/Archive Analysis (“mining”!)
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Unit of Analysis

• Defines what phenomena you will analyze
• Choice depends on the primary research questions
• Choice affects decisions on data collection and analysis
• Hard to change once the study has started (but can be done if there are compelling 

reasons)
• If possible, use same unit of analysis as previous studies (why?)

• Often many choices:
• E.g. for an exploratory study of agile programming:

• Unit of analysis = individual developer (study focuses on a personʼs participation in the 
project)

• Unit of analysis = a team (study focuses on team activities)
• Unit of analysis = a decision (study focuses on activities around that decision)
• Unit of analysis = a process (study examines how user stories are collected and prioritized)
• …
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Examples of Units of Analysis

• For a study of how software immigrants naturalize
• Individuals?
• … or the Development team?
• … or the Organization?

• For a study of pair programming
• Programming episodes?
• … or Pairs of programmers?
• … or the Development team?
• … or the Organization?

• For a study of software evolution
• A Modification report?
• … or a File?
• … or a System?
• … or a Release?
• … or a Stable release?
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Target Population

• Determines scope of applicability of your results
• If you donʼt define the target population…
• …nobody will know whether your results apply to anything at all

• From what population are your units of analysis drawn?
• UoA = “developer using agile programming”
• Population = 

• All software developers in the world?
• All developers who use agile methods?
• All developers in Canadian Software Industry?
• All developers in Small Companies in Ontario?
• All students taking SE courses at U of T?

• Choice closely tied to choice of sampling method…
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Sampling Method

• Used to select representative set from a population
• Simple Random Sampling - choose every kth element
• Stratified Random Sampling - identify strata and sample each
• Clustered Random Sampling - choose a representative subpopulation and sample it
• Purposive Sampling - choose the parts you think are relevant without worrying about 

statistical issues (see next slide…)
• Sample Size is important

• balance between cost of data collection/analysis and required significance
• Process:

• Decide what data should be collected 
• Determine the population
• Choose type of sample
• Choose sample size
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Purposive Sampling

• Typical Case
• Identify typical, normal, average case

• Extreme or Deviant Case
• E.g outstanding success/notable failures, exotic events, 

crises.

• Critical Case
• if it's true of this one case it's likely to be true of all other 

cases.

• Intensity
• Information-rich examples that clearly show the 

phenomenon (but not extreme)

• Maximum Variation
• choose a wide range of variation on dimensions of interest

• Homogeneous
• Instance has little internal variability - simplifies analysis

• Snowball or Chain
• Select cases that should lead to identification of further 

good cases

• Criterion
• All cases that meet some criterion

• Confirming or Disconfirming
• Exceptions, variations on initial cases

• Opportunistic
• Rare opportunity where access is normally hard/impossible

• Politically Important Cases
• Attracts attention to the study

• Convenience sampling
• Cases that are easy/cheap to study
• (May reduce credibility)

• …Or any combination of the above
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Data Collection Techniques

• Direct Techniques
• Brainstorming / Focus Groups
• Interviews 
• Questionnaires
• Conceptual Modeling
• Work Diaries
• Think-aloud Sessions
• Shadowing and Observation
• Participant Observation

• Indirect Techniques
• Instrumented Systems
• Fly on the wall

• Independent Techniques
• Analysis of work databases
• Analysis of tool usage logs
• Documentation Analysis
• Static and Dynamic Analysis
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How will you measure things?

Type Meaning Admissible Operations

Nominal Scale Unordered classification of 
objects

=

Ordinal Scale Ranking of objects into 
ordered categories

=, <, >

Interval Scale Differences between 
points on the scale are 
meaningful

=, <, >, difference, 
mean

Ratio Scale Ratios between points on 
the scale are meaningful

=, <, >, difference, 
mean, ratio

Absolute Scale No units necessary - scale 
cannot be transformed

=, <, >, difference, 
mean, ratio 
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What could go wrong?

• Many phenomena might affect your results
• Must be able to distinguish:
• My results follow clearly from the phenomena I observed
• My results were caused by phenomena that I failed to observe

• Identify all (likely) confounding variables
• For each, decide what to do:
• Selection/Exclusion
• Balancing
• Manipulation
• Ignore (with justification)



Agenda for Today

• Study Design Planning Checklist
• Homework debrief





Discussion

• How is the data collected?
• How is the data analyzed?
• Where do hypotheses come from?
• Reproducibility?
• Complementarity of methods?


