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ABSTRACT

Context/Background: Novice researchers have stated that being provided with guide-
lines for reviewing empirical research papers would be helpful. The Empirical Standards
Checklist Generator is a tool that can generate a variety of Empirical Standards Checklists.
An Empirical Standards Checklist contains the core criteria that can be used to review
Software Engineering empirical papers. Moreover, my exploratory study aims to determine
whether novice researchers could benefit from using the Empirical Standards Checklists

to help them review Software Engineering empirical papers.

Objective: To investigate whether novice researchers perceive the Empirical Standards

Checklists as easy to understand, easy to use, and useful for reviewing empirical papers.

Methods: Seven participants completed a survey to evaluate the Empirical Standards
Checklists and then participated in a group discussion. During the survey, the partici-
pants used the appropriate Empirical Standard Checklists to review a qualitative survey
paper and a repository mining paper. They then highlighted the items from the Empirical
Standards Checklists that were difficult to comprehend. The participants also answered
survey questions that exposed their perceptions of the Empirical Standards Checklists’

comprehensibility, ease-of-use, and usefulness.

Results: The majority of the participants had positive perceptions of the Empirical Stan-

dards Checklists’ comprehensibility, ease-of-use, and usefulness.

Conclusion: This exploratory study demonstrates that the Empirical Standards Checklist

is a promising new tool for reviewing Software Engineering empirical research papers.
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Chapter 1

Introduction

1.1 Motivation

In “Manuscript reviewing: What reviewers have to say”, Emden et al. described a
study where they interviewed fifteen reviewers to collect their perceptions on the strengths
and weaknesses of the review process, their experiences with the review process, and which
areas of the review process they believe need improvement. [2]. During these interviews,
several reviewers stated they lacked preparation and direction in reviewing a manuscript.
One respondent stated “| have not had any orientation to the reviewing process and feel
that ‘an interest in an area’ is not enough to be making decisions re the merit about
someone else's work.” In their study, Emden et al. also found that reviewers were
frustrated due to the various editors’ expectations that differed among all the various
journals. Reviewers were also confused by the lack of clarity in the guidelines outlined by
each journal. Some reviewers stated that they were confused about whether they had to
verify every reference and how detailed they had to be when they edited a manuscript.
One novice reviewer stated that “Some general guidelines as to how to go about the
review process would have been helpful[2].” Moreover, reviewers felt that the editors
could better prepare reviewers by providing them with clearer guidelines [2].

In a related study, “Manuscript Peer Review: A Helpful Checklist For Students And
Novice Referees”, Seals et al. points to references highlighting that novice researchers do
not have much experience reviewing research papers [17]. Lightfoot stated that through
their personal experience, they found that both undergraduate and graduate students had
a poor understanding of how to review papers due to having never been taught how to

review papers [11]. Rangachari et al. state that graduate students are used to reading



textbooks and taking notes but are unfamiliar with performing critical analyses of papers.
However, Seals et al. state that developing students’ reviewing skills is imperative to
prepare them for future editorial responsibilities [17].

To address the issues noted above, checklists could be employed to aid novice re-
searchers, or more specifically Ph.D. and Master's students, in reviewing Software Engi-
neering (SE) empirical papers. This solution is supported by the fact that two papers have
presented that other students would benefit from having guidelines to review papers. In
“Manuscript Peer Review: A Helpful Checklist For Students And Novice Referees”, Seals
et al. presented a checklist for graduate students and postdoctoral individuals to review
research papers critically. Seals et al. built this checklist because they felt that students
and novice researchers tend to focus on the methodological limitations of a research paper
when reviewing papers rather than on other key criteria. The feedback that Seals et al.
received was positive for the guidelines since the students stated that the guidelines were
a “very helpful guide”.

In“A Checklist To Help Students Analyze Published Articles in Basic Medical Sci-
ences”, Rangachari et al. developed a checklist of questions separated into Introduction,
Methodology, Research, And Discussion (IMRAD) sections that undergraduate students
used to review Pharmacology research papers [16]. As part of this work, students were ex-
pected to read a Pharmacology research paper and then write a report critically evaluating
the paper. The participants then provided their insights on the checklist. For instance,
one participant stated, “A large part of what we do is evaluate the quality of the papers
we read. The checklist gave formal instructions important for someone who has never
critically analyzed a paper and allowed it to be broken down into manageable parts. I've
used the checklist when | needed to analyze papers for other courses and found it to be
really helpful.” Another participant added, “This was a very effective exercise, both in
terms of analysis of a paper and as a help in writing your own papers.” However, there
were negative views of the checklist as well. One participant stated that “Critical analysis
arises from an overall perception, and | believe that the formality of the process, complete
with checklist, biases perception.” Moreover, Rangachari was able to obtain both positive
and negative commentaries about the checklist to demonstrate the checklist's value and
demonstrate the checklist has room for improvement [16].

From these findings that showed that students felt that guidelines would help them
review papers, in my research, | explore the use of a tool called the “Empirical Standards
Checklist Generator (ESCG) EI designed by Dr. Paul Ralph, a Professor of Software

https://acmsigsoft.github.io/EmpiricalStandards/tools/



Engineering at Dalhousie University in Halifax, Canada. The ESCG is implemented as
a website that contains a repository of core electronic checklists called the " Empirical
Standards Checklists (ESCs)” to help authors and reviewers write and review a variety
of SE empirical papers. In addition, in“Empirical Standards for Software Engineering
Research”, Dr. Ralph provides details on the design process for the ESCG, how the ESCG
can be adopted into the research community, the benefits and costs of the ESCG, and
how to mitigate bias and inclusivity in the ESCG [15].

However, before the ESCG is introduced into the research community, an exploratory
study may be beneficial to examine whether the ESCG is desired by the SE research
community. In “Development of medical checklists for improved quality of patient care”,
Hales et al. state that running a pilot for a checklist is necessary to determine whether the
checklist is practical, effective, and needed[6]. In my research, | conduct an exploratory
study with ECSG. My exploratory study is split into two main parts. The first part consists
of a survey, where the participants use two ESCs to review two empirical papers and answer
several survey questions to provide their perceptions of the comprehensibility, ease-of-use,
and usefulness of the two ESCs. The second part of the study involves a group discussion
with the surveyed participants to allow them to provide further opinions on the checklists

that they could not share through the survey.

1.2 Research Questions

In order to determine Ph.D. and Master's students’ perceptions of the comprehensi-
bility, ease-of-use, and usefulness of the ESCs, my work focuses on answering these three

research questions:

1. (RQ1) What are Ph.D. and Master's students’ perceptions concern-
ing the comprehensibility of the Empirical Standards Checklists?

2. (RQ2) What are Ph.D. and Master's students’ perceptions concern-
ing the ease-of-use of the Empirical Standards Checklists?

3. (RQ3) What are Ph.D. and Master's students’ perceptions concern-
ing the usefulness of the Empirical Standards Checklists?




1.3 Structure of the Report
This report is organized as follows:

In Chapter 1, | introduce the research questions and the motivation for undertaking this

exploratory study.

In Chapter 2, | elaborate on several related works to address the challenges students

face when doing research.

In Chapter 3, | outline the study’s methodology in enough detail in case other re-

searchers may want to replicate my study.

In Chapter 4, | present the Master's and Ph.D. students’ perceptions on the compre-

hensibility, ease-of-use, and usefulness of the Empirical Standards Checklist.
In Chapter 5, | discuss the implications and limitations of the results.

In Chapter 6, | address the potential future work of this study as well summarize the

outcomes of this study.

1.4 Report’s Acronyms and Corresponding Terms

Acronym Term

ESCG Empirical Standards Checklist Generator
ESC Empirical Standards Checklist

QS Qualitative Survey

RM Repository Mining

SE Software Engineering

CS Computer Science

Table 1.1: Acronyms for Terms in the Report



Chapter 2

Related Works

Before | did the study, | wanted to make sure there wasn’t something similar to the
ESCG that already existed. Thus, | looked for some software, tool, framework, or checklist
that could help one review software engineering empirical papers, specifically a repository
mining (RM) paper and a qualitative survey (QS) paper since these two empirical papers
would be reviewed during my study. | started by looking for papers that discussed software
or tools that could help researchers conduct reviews of empirical papers in the following
databases: “ACM digital library”,“ARXIV", “Elsevier ScienceDirect”, “Google Scholar”,
and “IEEE Xplore Digital Library”. For some papers, | performed snowballing to see if |
could discover more papers that included tools or software to review software engineering
empirical papers. In addition, for some searches, | had to omit the terms “systematic”
and“literature” in order to prevent papers containing systematic literature reviews from
appearing in all my searches. | used the University of Victoria (UVic) library in order to
access the papers.

While there were tools that helped researchers conduct empirical methodologies,
specifically systematic literature reviews [3] [12], | was unable to find any software or
tools that would help reviewers (or students) conduct reviews of software engineering
empirical papers.

Through my literature search, | found "“Text & Vision-Fused Framework for Academic
Paper Review”, where Yang et al. proposed the first framework (they claim) would
help filter out the low-quality research papers to save the review committee time when
reviewing papers. The framework is based on a deep-learning model that considers the
quality of the paper’s vocabulary and images. This framework can be used to estimate
the probability of a research paper being accepted [2I]. The results of Yang et al.’s

paper demonstrate that their framework was effective, as it was 98.7% accurate when



rejecting lower-quality papers with a small mis-reject percentage of 4%. Even though
Yang et al. have created an effective new framework for automating the acceptance and
rejection of papers, the framework is still not 100% accurate, which could pose issues
when deciding whether to accept or reject empirical papers. In addition, Yang et al.
also state that they only tested their framework on a small dataset of conference papers
from only one conference (OpenReview) and thus, their results cannot be generalized to
determine whether to accept or reject papers in other conferences. Moreover, Yang et
al's framework still needs to be improved before it can be integrated into the Software
Engineering research community.

There are several other papers that provide guidelines and checklists that claim to help
in reviewing empirical papers with the following four methods: surveys [14], case studies
[7] [19], and experiments [8] [9] [19] [20].

2.1 Surveys

In “An empirically evaluated checklist for surveys in software engineering,” published
in 2020, Molléri et al. propose a checklist that can be beneficial for researchers to con-
duct and report survey research papers and for reviewers who would like to review survey
research papers. The checklist was created by merging guidelines from fourteen differ-
ent papers (referenced in this paper). Selected experienced researchers then evaluated
the checklist to determine the checklist's comprehensibility and limitations. The selected
researchers were tasked with reviewing a set of survey papers with the checklist and to
provide their ratings of these papers. The researchers’ results were compared with the au-
thors' evaluations of the selected survey papers. Nineteen out of the thirty-eight checklist
items were improved due to the researchers’ feedback in the study. The final version of
the checklist following this phase had ten sections as follows: (1) Research Objectives,
(2) Study Plan, (3) Identify population, (4) Sampling Plan, (5) Instrument Design, (6)
Instrument Validation, (7) Participant Recruitment, (8) Response Management, (9) Data
Analysis and (10) Reporting. Molléri et al.'s checklist may be useful for reviewing a quali-
tative survey paper. However, Molléri did not construct a checklist to review a repository
mining paper. Moreover, the checklist can only help reviewers review papers with one

type of method.



2.2 Case Study

In “Checklists for Software Engineering Case Study Research,” published in 2007, Host
constructed a checklist by combining several checklists. Host then asked Ph.D. students
to validate the checklist within a course. Host tasked the Ph.D. students to highlight the
checklist items that were difficult for the students to understand and the useful checklist
items. The Ph.D. students informed Host that the checklist was too extensive. As a
result, Host determined how to group the checklist items and reduce the overall checklist
items in the checklist. After further validating the checklist with the Ph.D. students, Host
et al. obtained two checklists. One checklist was designed for researchers and was divided
into four sections: (1) case study design, (2) preparation for data collection, (3) analysis
of collected data, and (4) reporting. The other checklist was aimed at reviewers, where
each checklist item corresponded to checklist items in the researcher’'s checklist. Even
though Host's study produced a validated checklist for reviewers, this checklist can only

be used to review one empirical method: case studies.

2.3 Experiments

In “Preliminary Guidelines for Empirical Research in Software Engineering,” published
in 2002, Kitchenham et al. created a set of quality guidelines for planning experiment
studies as well as reading, writing, and reviewing experiment papers [8]. Kitchenham
et al. also stated that the guidelines could help a meta-analyst combine the knowledge
from a variety of studies and help journal editorial boards decide on whether to accept or
reject a paper. Kitchenham et al. crafted these guidelines by adapting them from various
medical guidelines. The authors specifically selected medical guidelines, since medical
statisticians have been diligent in identifying poor standards of statistical analysis in med-
ical journals. Thus, medical guidelines include checklist items that examine the statistical
analysis in medical journals. Kitchenham et al. also found that many SE empirical pa-
pers have had issues correctly reporting statistical data. Moreover, Kitchenham claims
if researchers used these empirical guidelines adapted from the medical guidelines, the
quality of papers could increase. Kitchenham et al.’s finalized guidelines were split into
six main sections:(1) “Experimental Context”, (2) “Experimental Design”, (3) “Conduct-
ing the experiment and data collection” (4) “Analysis”, (5) “Presentation of Results”,
and (6) “Interpretation of Results”. Even though Kitchenham et al. proposed detailed

guidelines for reviewing experiment papers, these guidelines are useful for reviewing one



empirical method (experiments).

In “Can We Evaluate the Quality of Software Engineering Experiments?”, published
in 2010, Kitchenham et al. aimed to achieve two primary goals. One goal was to verify
the usability of their constructed quality review checklist for experiment papers. Another
goal was to determine how many reviewers needed to be included in the review process to
provide a reliable evaluation of an experiment paper. The quality checklist was a modified
version of various checklists with three categories: (1) questions on aims, (2) questions on
design, data collection, and data analysis, and (3) questions on study outcome. Kitchen-
ham et al. organized several rounds of study where experienced researchers iteratively
validated the quality of the checklist. After the quality of the checklist was validated,
the authors then used the quality checklist to determine the number of reviewers needed
to provide reliable evaluations of experiment papers. From their findings, four review-
ers, collaborating in pairs, resulted in a higher reliability of determining the quality of
a paper compared to eight reviewers who did not discuss their paper evaluations. Even
though Kitchenham et al. produced a new quality checklist that underwent several rounds
of evaluation, the checklist can only be used for reviewing one type of empirical paper:
experiments.

In the book published in 2012, “Experimentation in Software Engineering,” Wohlin
et al. provide extensive detail on how to report and review experiment papers for practi-
tioners, students, teachers, and researchers. Wohlin et al. also present some information
on some other empirical methodologies, such as case studies, systematic literature re-
views, and surveys, and how they relate to experiments. Wohlin et al. state that their
book fills a gap in the research since it focuses on the experiment process instead of
just focusing on one specific portion of experiments, for instance, discussing the statisti-
cal methods in experiments. Wohlin et al. present the steps in the experiment process.
(1) “"Scoping” outlines the experiment’s goals according to a specific framework. (2)
“Planning” involves figuring out how the experiment will run by following seven steps:
context selection, hypothesis formulation, variable selection, selection of subjects, experi-
ment design type, instrumentation, and validity evaluation. (3) “Operation” is when the
subjects are selected, the subjects perform the pre-defined tasks, and the data is validated.
(4) “Analysis and Interpretation” describes how conclusions are obtained from examining
experimental quantitative data using descriptive statistics, reducing the data set, and hy-
pothesis testing. (5) “Presentation and Package” focuses on how to write a report for
a journal or conference. Moreover, even though Wohlin et al. have provided extensive

information in their book, they only cover experiments and how case studies, systematic



literature reviews, and surveys are related to experiments.

In “Towards a Unified Checklist for Empirical Research in Software Engineering: First
proposal,” Wieringa [19] published in 2012, Wieringa aimed to create a unified check-
list that would integrate the similarities and differences that occur among experimental
research and case study research. To create this checklist, Wieringa adapted the “gen-
eral engineering cycle” to create their empirical research cycle, which was divided into
five sections: research problem investigation, research design, research design validation,
research execution, and results evaluation. Wieringa created their unified checklist using
their empirical research cycle as a foundation and included checklist items from various
experiment and case study checklists. Wieringa et al. used their unified checklist within
their research group to teach empirical research methods to Master’'s and Ph.D. students.
In the future, Wieringa claimed they would like to obtain researchers’ opinions on the
usability and usefulness of the checklist. One of the limitations of their checklist is their
guidelines are primarily for reviewing experimental and case study research papers and

cannot be used to review other empirical papers using other methods.

2.4 The Empirical Standards Checklist Generator (ESCG)

While there is one framework that shows promise in automating the process of re-
viewing papers, and there are several checklists that can educate individuals on how to
review various software engineering empirical methods, there is not currently a software
or a tool that has guidelines that can help individuals review empirical papers. The Em-
pirical Standards Checklist Generator (ESCG) designed by Dr. Paul Ralph, a Professor
of Software Engineering at Dalhousie University, fills this gap. Not only is the ESCG
claimed to be a tool that can help other individuals review empirical research papers, but
the ESCG contains checklists, which are called "the Empirical Standards Checklists”, for
reviewing eighteen different types of empirical papers (including checklists for reviewing
a Repository Mining (RM) paper and Qualitative Survey (QS) paper) in one unified loca-
tion. In addition, the extensive knowledge for reviewing empirical methods presented in
these eighteen checklists would not be available if it weren't for the efforts of experienced

researchers in various fields.
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2.4.1 History of the Empirical Standards Checklists of the ESCG

In 2019, the ESCG was first launched. Dr. Ralph was able to recruit 50 volunteers to
begin working on the Empirical Standards Checklists of the ESCG. Volunteers reviewed
plans to create an Empirical Standards Checklist, discussed which Software Engineering
methods should have an Empirical Standards Checklist, and selected the content for
the sections of an Empirical Standards Checklist [15]. Volunteers also suggested other
volunteers who might be interested in working on the Empirical Standards Checklists,
and nominated the volunteers who would write the content for an Empirical Standards
Checklist [15].

All the checklists were then circulated within the Software Engineering (SE) research
community to obtain feedback and improve the content for the Empirical Standard Check-
lists [15]. Once the first eight Empirical Standard Checklists were posted on a GitHub
repository, even more feedback was collected from the SE research community. As time
went on, more experienced volunteer researchers were recruited to generate more Empir-
ical Standard Checklists. Today, there are eighteen Empirical Standards Checklists that
can be used to evaluate Software Engineering empirical papers presented in Figure [2.2]
In addition, the Empirical Standard Checklists are currently available as Markdown files
to allow volunteer researchers to easily make edits to the checklists and maintain version
control [15].

2.4.2 How to use the ESCG for reviewing papers

To demonstrate how to use the ESCG, | present an example of how to generate a
checklist to review a Qualitative Survey (QS) paper, as my research study involves a
conference paper with a qualitative survey method. When visiting the homepage of the
ESCG, presented in Figure [2.1] a user is faced with two main choices. One choice is a
pre-submission checklist which is primarily for authors and can generate a checklist that
will allow authors to check their papers before submission for review. The other choice is
for reviewers and allows reviewers to generate a checklist to aid them when reviewing two
types of papers: conference papers or journal papers (as my study involves a conference

paper, | select that option in this illustrative example).
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Empir-icd Standards About Tools Standards Supplements FAQ People

Empirical Standards Checklist Generator

Authors:

e Generate a generic pre-submission checklist

Reviewers:

e Generate a checklist for one-phase review (most conferences)

¢ Generate a checklist for two-phase review (most journals)

© Designed by Paul Ralph at Dalhousie University in Halifax Canada.

Empirical Standards

Empirical Standards Empirical standards for conducting and
evaluating research in software engineering

Figure 2.1: ESCG - Homepage

The next web page presented by the checklist generator tool consists of eighteen types
of empirical methods that a user can choose from, shown in Figure[2.2] These types are
listed below. Once one (or more) of these methods are selected, then a checklist tailored

to the methods selected is generated.

1. Action research

2. Benchmarking



10.

11.

12.

13.

14.

15.

16.

17.

18.

Case Study
Case Survey
Data Science

Engineering Research

. Experiment (with human participants)

Grounded theory

Meta-science

Multi-methodology or mixed methods

Optimization study (including search-based software engineering)
Qualitative survey (i.e., interviews)

Quantitative longitudinal study

Quantitative simulation

Questionnaire survey

Repository Mining

Systematic Literature Reviews

An empirical method that is not currently listed (or General Standards)
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Emp"ﬂico] Standards About Tools Standards Supplements FAQ  People

Review Checklist Generator

To generate a review checklist, select all the methods used in the manuscript and click "submit”,
You can mouse -over each method for a brief deseription or click on the method name to read the
full standard, If the manuscripts proposes and assesses a new artifact (e.g. a tool) select
Engineering Research and the empirical methed used to assess the artifact, If the manuscript
reports a multimethodology or mixed-methods study, select Multimethodology and both hads.
If the mansucript does not report an empirical study (2.9, it"s an opinion paper) or uses a method
not listed here, do not use this generator,

Select all that apply:

O Action research

0 Benchmarking

0O Case study

0 Case survey

0 Data science

0O Engineering research

0 Experiment (with human participants)
0 Grounded theory

0 Meta-science

0 Multimethodolagy or mixed methods
O Optimization study (including search-based software engineering)
O Qualitative survey (i.e. interviews)

O Quantitative longitudinal study

O Quantitative simulation

Questionnaire survey
O Repository Mining

0 Systematic literature review

An empirical method not listed above

Submit

Empirical Standards

Empirical Standards Empirical standards for conducting and
evaluating research in sof tware engineering

Figure 2.2: ESCG - List of Empirical Methodologies
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The next page in the generator tool consists of a checklist of core criteria (presented
in the form of checklist items) for the previously selected empirical method(s) and is
divided into three sections (“Essential”, “Desirable”, “Extraordinary”). The checklist
items located in the “Essential” section are the checklist items that need to be found
in the paper when the paper is being reviewed. A checklist item can be either marked
“Yes" or “No”. If a checklist item has been found in the paper, then the checklist item
is marked “Yes" . If the checklist item is not found in the paper, then the checklist item
is marked “No”. The “Essential” section is what primarily determines whether to accept
or reject the paper. Moreover, once all the checklist items in the “Essential” section
have been checked either “Yes” or “No”, the checklist will output a message in red that
either says “ACCEPT", or “REJECT". The checklist items located in the “Desirable” and
“Extraordinary” sections are checklist items that would be ideal for the paper to have but
are not necessary.

Continuing with the example from my research study, the checklist to review a QS
paper is separated into three sections, as shown in Figure , , . In addition, Figure
shows that all the “Essential” checklist items have been marked “Yes”. Thus, the
message at the end of the checklist states “ACCEPT", meaning that the paper will be
accepted.

If the user would like to keep a record of the checklist, then they would click the
“Download” button at the bottom of the page (demonstrated in Figure and a file
titled “reviewChecklist.txt” would be downloaded to their device. An example of the
downloaded “reviewChecklist.txt” for the Qualitative Survey Checklist is shown in Figure
2.6

As demonstrated by the example from my research study, the ESCG can successfully
generate ESCs that can be used to review SE empirical papers, but to date, little evaluation
of the ESCG has been done. Moreover, my research focuses on a preliminary study of the
ESCG, which | will describe in the following chapters.



Emp|r|m' Standards About Tools Standards Supplements FAQ People

Reviewer Checklist

Essential
yes no
@ © states a purpose, problem, objective, or research question
@® O explains why the purpose, problem, etc. is important (motivation)
® © defines jargon, acronyms and key concepts

® O names the methodology or methodologies used

@ © methodology is appropriate (not necessarily optimal) for stated purpose,
problem, etc.

® © describes in detail what, where, when and how data were collected (see
the Sampling Supplement}

® © describes in detail how the data were analyzed

® © explains how interviewees were selected (see the Sampling Supplement)

® © describes interviewees (e.g. demographics, work roles)

® © describes interviewer(s) (e.g. experience, perspective)

® O presents results

@ O results directly address research questions

@ © enumerates and validates assumptions of statistical tests used (if any)

@ O presents clear chain of evidence from interviewee quotations to findings
(e.g. proposed concepts)

® O clearly answers the research question(s)

® O provides evidence of saturation; explains how saturation was achieved

® © discusses implications of the results

® O discusses the study's limitations and threats to validity

® O states clear conclusions which are linked to research question (or
purpose, etc.) and supported by explicit evidence (data/observations) or
arguments

@ O researchers reflect on their own possible biases

@ O contributes in some way to the collective body of knowledge

® O language is not misleading: any grammatical problems do not substantially
hinder understanding

® O acknowledges and mitigates potential risks, harms, burdens or
unintended consequences of the research (see the ethics supplements
for Engineering Research, Human Participants, or Secondary Data)

® O visualizations/graphs are not misleading (see the Information
Visualization Supplement)

ACCEPT

Figure 2.3: ESCG - Essential Section of Qualitative Survey Checklist



Desirable

| states epistemological stance

| summarizes and synthesizes a reasonable selection of related work (not
every single relevant study)

| clearly describes relationship between contribution(s) and related work

| demonstrates appropriate statistical power (for quantitative work) or
saturation (for qualitative work)

| describes reasonable attempts to investigate or mitigate limitations

| discusses study’s realism, assumptions and sensitivity of the results to its
realism/assumptions

I provides plausibly useful interpretations or recommendations for practice,

education or research

| concise, precise, well-organized and easy-to-read presentation

| visualizations (e.g. graphs, diagrams, tables) advance the paper’s arguments
or contribution

I clarifies the roles and responsibilities of the researchers (i.e. who did

what?)

I provides an aute-reflection or assessment of the authors’ own work (e.g.

lessons learned)

7| publishes the study in two phases: a plan and the results of executing the

plan (see the Registered Reports Supplement)

I uses multiple raters, where philosophically appropriate, for making

subjective judgments (see the IRR/IRA Supplement)

| provides supplemental materials including interview guide(s), coding

schemes, coding examples, decision rules, or extended chain-of-evidence
table(s)

| includes highly diverse participants

| uses direct quotations extensively to support key points

| EITHER: evaluates an a priori theory (or model, framework, taxonomy, etc.)
using deductive coding with an a priori coding scheme based on the prior
theory
OR: synthesizes results into a new, mature, fully-developed and clearly
articulated theory (or model, etc.) using some form of inductive coding
(coding scheme generated from data)

I validates results using member checking, dialogical interviewing, feedback

from non-participant practitioners or research audits of coding by advisors
or other researchers)

1 discusses transferability; findings plausibly transferable to different

contexts

I compares results with (or integrates them into) prior theory or related

research
| reflects on how researchers’ biases may have affected their analysis

Figure 2.4: ESCG - Desired Section of Qualitative Survey Checklist
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Extraordinary
I applies two or more data collection or analysis strategies to the same
research question (see the Multimethodology Standard)
I approaches the same research question(s) from multiple epistemological
perspectives
O innovates on research methodology while completing an empirical study

1 employs multiple methods of data analysis (e.g. open coding vs. process
coding; manual coding vs. automated sentiment analysis) with method-
triangulation

1 employs longitudinal design (i.e. each interviewee participates multiple
times) and analysis

T employs probabilistic sampling strategy: statistical analysis of response
bias

[ uses multiple coders and analyzes inter-coder reliability (see IRR/IRA
Supplement)

Download
For more information, see:

» General Standard
- Qualitative Surveys

Empirical Standards

Empirical Standards Empirical standards for conducting and
evaluating research in software engineering

Figure 2.5: ESCG - Extraordinary Section of Qualitative Survey Checklist



18

B reviewChecklist(1).txt

Review Checklist

Recommended Decision: ACCEPT

Essential

states a purpose, problem, objective, or research question

explains why the purpose, problem, etc. is important

defines jargon, acronyms and key concepts

names the methodology or methodologies used

methodology is appropriate for stated purpose, problem, etc.

describes in detail what, where, when and how data were collected

describes in detail how the data were analyzed

explains how interviewees were selected

describes interviewees

describes interviewer(s)

presents results

results directly address research questions

enumerates and validates assumptions of statistical tests used

presents clear chain of evidence from interviewee quotations to findings

clearly answers the research question(s)

provides evidence of saturation; explains how saturation was achieved

discusses implications of the results

discusses the study's limitations and threats to validity

states clear conclusions which are linked to research question and supported by explicit evidence or arguments
researchers reflect on their own possible biases

contributes in some way to the collective body of knowledge

language is not misleading; any grammatical problems do not substantially hinder understanding
acknowledges and mitigates potential risks, harms, burdens or unintended consequences of the research
visualizations/graphs are not misleading

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y = yes, the paper has this attribute

R = a reasonable, acceptable deviation from the standards

1 = a deviation that can be fixed by editing text only

2 = a deviation that can be fixed by doing some new data analysis, redoing some existing data analysis, or collecting a small amount of additional data
3 = a deviation that can be fixed by completely redoing data analysis, or collecting additional data

4 = a deviation that cannot be fixed, or at least not without doing a brand new study

Qualitative Surveys

URL: https:/facmsigsoft.github.io/EmpiricalStandards/form_generator/result. html?standard=Qualitative+Surveys&role=one-phase-reviewer

Figure 2.6: ESCG - Example of reviewChecklist.txt file for Qualitative Survey Checklist
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Chapter 3
Methodology

My exploratory study aims to understand if the ESCs generated from the ESCG can
be helpful to Ph.D. and Master's students when they review SE empirical research papers.
This study involved conducting a Pilot and two Sessions of my study (Session 1 and
Session 2). The timeline of my study is shown in Figure The pilot and each session
of my study were composed of a survey and a group discussion to obtain the participants’

perceptions of the ESCs’ comprehensibility, ease-of-use, and usefulness.

Timeline of Study

Number of Number of
Participants: 2 Participants: 4
Part 1: Survey Part 1. Survey
Part 2: Group Part 2: Group

Discussion Discussion

=0

Number of
Participants: 1

Part 1: Survey
Part 2: Group
Discussion

Figure 3.1: Timeline of Study: Pilot, Session 1 of Study, Session 2 of Study
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3.1 Study Design (for Pilot, Session 1, and Session 2)

3.1.1 Survey Construction
Constructing the Comprehensibility section of the survey to answer RQ1

Molléri et al.'s paper, “Teaching students critical appraisal of scientific literature using
checklists”, was the foundation for the methodology of the pilot and sessions of my study.
Molléri et al.’s methodology involved 76 students, where the students used two checklists
to evaluate two research papers [13]. One paper had a case study methodology, and
another had an experimental methodology. The authors then collected the students'’
opinions on using the checklists [I3]. Based on Molléri et al.’s quantitative results, the
students had positive opinions on the checklists' ease-of-use, and understandability [13].
In addition, some students stated they struggled more with reviewing the paper due to
the presentation of the paper and their lack of experience in reviewing papers. However,
several students highlighted room for improvement with the checklist by highlighting issues
with the checklist items’ structure, clarity, and terminology.

In the Appendix of Molléri et al.’s paper, there was a 5-point Likert scale survey ques-
tion that asked their participants the following question “Please respond to what extent
do you agree or disagree with the following statement: The questions were easy to under-
stand. (strongly agree | ... | strongly disagree)" [L3] Molléri et al.’s survey question was
adapted for my survey question to say “Please say how much you agree or disagree with
the following statements. The statements from the Empirical Standards Checklist for the
first paper were overall easy to understand. (strongly agree | ... | strongly disagree)” to
measure the participants’ overall perceptions of the ESCs’ comprehensibility.

The Appendix of Molléri et al.’s paper also contained the following survey questions
“Please write the question numbers (from Table 1), if any, that were difficult to answer.”
and “What made it difficult to answer these questions?” [13]. These two survey questions
were adapted for my survey questions to say “Do you understand all the statements from
the ‘Essentials’ (ES) section of the first paper's Empirical Standards Checklist? (Yes —
No)" and “If you answered ‘No," please list the ID with the corresponding reason why
you do not understand the checklist statement. For example, ‘ES#: | do not understand

the statement because...” to discover which checklist items from the ESCs were difficult
for the participant to comprehend. A presentation of Molléri et al.’s survey questions and

my survey questions regarding the participants’ perceptions of comprehensibility can be

shown in Figures[3.2and [3.3
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C ADDITIONAL QUESTIONS REGARDING
THE PERCEPTION OF USE OF THE
CHECKLISTS

Please answer the following questions regarding the use of the
given checklist:

A) Please respond to what extent do you agree or disagree with
the following statement: Overall, the checklist was easy to use.
(strongly agree | agree | neutral | disagree | strongly disagree)

B) Please respond to what extent do you agree or disagree with the
following statement: The questions were easy to understand.
(strongly agree | agree | neutral | disagree | strongly disagree)

C) Please write the question numbers (from Table 1), il any, that
were difficult to understand.

D) Please respond to what extent do you agree or disagree with
the following statement: The questions were easy to answer.
(strongly agree | agree | neutral | disagree | strongly disagree)

E) Please write the question numbers (from Table 1), if any, that
were difficult to answer.

F) What made it difficult to answer these questions?

G) Does the checklist cover all the important aspects (as mentioned
in the guidelines for conducting case study research) for high
quality case study research?

Figure 3.2: Molléri et al. - Perceptions of Comprehensibility Survey Questions

* B. Please say how much you agree or disagree with the following statements.

Strongly Disagrae Disagres Meutral Agrea Strongly Agres
The statements
from the
Empirical
S;Larda.-ds - s S ~
Checklist for the et et - - -

first paper were
averall easy to
understand.

Figure 3.3: Section of Survey - Comprehensibility of the Empirical Standards Checklist
for Reviewing Qualitative Survey Paper

Constructing the Ease-of-Use section of the survey to answer RQ2

In addition, in the Appendix of Molléri et al.’s paper, there was a 5-point Likert scale
survey question that asked their participants the following question “Please respond to
what extent do you agree or disagree with the following statement: Overall, the checklist
was easy to use. (strongly agree | ... | strongly disagree)”[13] Molléri et al.’s survey

question was updated for my survey question to say “Please say how much you agree or
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disagree with the following statements. Overall, | find the Empirical Standards Checklists
easy to use. (strongly agree | ... | strongly disagree)” to measure the participants’ overall
perceptions of the ESCs' ease-of-use. A presentation of Molléri et al.'s survey questions

and my survey questions regarding the participants’ perceptions of ease-of-use can be

shown in Figures[3.2] and [3.4]
* 14, Please say how much you agree or disagree with the following statements.

Strangly Disagrae Disagres Meutral Agrea Strangly Agrae

Overall, | find the

Empirical

Standards ) O
Checklists easy to

USE,

Figure 3.4: Section of Survey — Ease-of-Use of Empirical Standards Checklist for Quali-
tative Survey Paper

Constructing the Usefulness section of the survey to answer RQ3

In “Perceived Usefulness, Perceived Ease of Use and User Acceptance of Information
Technology,” Davis provided an essential foundation for my survey questions to obtain
the participants’ perceptions of the ESCs' usefulness [1]. Davis aimed to create a scale
to measure a user’s perception of usefulness and ease-of-use, specifically for Information
Technology (IT) systems. Davis built and refined this scale by performing two studies. The
first study consisted of giving a questionnaire to 120 users (managers, administrative staff,
programmers, etc.) in an IBM Toronto Development Laboratory to rate the usefulness and
ease-of-use of two IT systems: “PROFS electronic mail” and “XEDIT file editor”. After
the first study, Davis refined the scales from ten items to six items for measuring the users’
perceptions of ease-of-use and usefulness. Davis' then validated the scales once again in
a second study. Davis recruited 40 MBA students from Boston University to evaluate two
IBM PC graphics systems: “Chart-Master” and “Pendraw”. Davis' final validated scale for
measuring a user's perceptions of ease-of-use and usefulness for IT systems is illustrated
in Figure [3.5] In addition, Davis’ scale questions asking a user about their perceptions of
an IT system's usefulness were adapted to my survey questions to ask participants their
perceptions of the ESC's usefulness.
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Appendix
Final Measurement Scales for Perceived Usefulness and
Perceived Ease of Use

Perceived Usefulness
Using CHART-MASTER in rmy job would enable me to accomplish tasks more quickly.

likely | | [ I I I | unlikely
axtramely quite slightly neither shightly quite axiramely

Using CHART-MASTER would improve my job performance.

likely | | | I | | | | unlikely
exiremely quite slightly neither shightly quite: extremely

Using CHART-MASTER in my job would increase my productivity.

likely || I I | [ | | unlikely
exiramely quite slighty neither slightly quite exiremely

Using CHART-MASTER would enhance my effectiveness on the job.

| | I I [ | | unlikely
exlremely  quite slighthy naither slighthy quite  extremely

Using CHART-MASTER would make it easier to do my job.

likely | I | I | [ I | unlikely
exlremely  quite slightly neither slightly quite  exiremsly

| would find CHART-MASTER useful in my job.

likely | | | I I [ | | unlikely
exlremely quite slightly neither shightly quite axtramealy

likely |

Perceived Ease of Use
Learning to operate CHART-MASTER would be easy for me.

likely | I | I [ I | unlikely
extremely quite slightly neither shghthy quite exiremely

| would find it easy to get CHART-MASTER to do what | want it to do.

likely | | | I | I | unlikely
extremely quite: slightly neither shightly Guite exiremely

My interaction with CHART-MASTER would be clear and understandable.

likely | — | | I | unlikely
extremely  quite slightly neither slightly Quile extremely

| would find CHART-MASTER to be flexible to interact with.

likely | I | | R E— | unlikely
axtramely quite sfightly neither slightly quite exiremely

It would be easy for me to become skillful at using CHART-MASTER.

likely I I | | I | unlikely
extrermely  quite slightly neither slighthy quite  extremely

| would find CHART-MASTER easy to use.

likely | | | I | | | | unlikely
axtramely quite slightly neither shightly quite axiremely

Figure 3.5: Dauvis - Final Scale to Measure User's Perceptions of Usefulness and Ease-of-
Use for Chart Master

Davis’ 7-point Likert survey questions measuring a user's perception of usefulness were
the following, “(1) | would find the system useful in my job (unlikely| ... | likely), (2)
Using the system in my job would enable me to accomplish tasks more quickly (unlikely|

... | likely), (3) Using the system would make it easier to do my job (unlikely to likely), (4)
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Using the system in my job would increase my productivity (unlikely| ... | likely), and (5)
Using the system would make it easier to do my job (unlikely| ... | likely) [1].” | adapted
Davis' survey questions to the following 5-point Likert survey questions “(1) Overall, the
Empirical Standards Checklists would be useful to review research papers (strongly agree
| ... | strongly disagree), (2) Using the Empirical Standards Checklists would enable me
to review research papers more quickly (strongly agree | ... | strongly disagree), (3) Using
the Empirical Standards Checklists would enable me to review research papers more easily
(strongly agree | ... | strongly disagree), (4) Using the Empirical Standards Checklists
would enable me to increase my understanding of research papers (strongly agree | ...
| strongly disagree), and (5) Using the Empirical Standards Checklists would enable me
to improve how | review research papers (strongly agree | ... | strongly disagree).” The
reason that Davis' 7-point Likert scale survey questions are updated to 5-point Likert scale
survey questions is to keep the scales for the survey questions consistent for the entirety
of my pilot and sessions of my study. A presentation of Davis’ survey questions and my

survey questions regarding the participants’ perceptions of usefulness can be shown in

Figures[3.6] and [3.7]

PERCEIVED USEFULNESS 12345¢67 NA
1. Using the system in my job would enable me to accomplish tasks more quickly [3 unlikely likely
2. Using the system would improve my job performance 3 unlikely likely
3. Using the system in my job would increase my productity & unlikely likely
4. Using the system would enhance my effectiveness on the job @ unlikely likely
5. Using the system would make it easier to do my job @ unlikely likely
6. I would find the system useful in my job 3 unlikely likely

Figure 3.6: Dauvis - Perceptions of Usefulness Survey Questions
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*13. Please say how much you agree or disagree with the following statements.

Strangly Disagree Disagres Meurral Agrea Strangly Agrae
Using the
Empirical
Standards
Checklists would
enable me to @ O @ O
raview research

pEPErS mare
quickly.

O

Using the

Empirical

Standards

Checklists would - - . -

enable me to . O '\.q.) L Q
review research

pApErS More

aasily.

Using the

Empirical

Standards

Checklists would -

anable me ta U Q O Q O
increase my

undearstanding of

research papers.

Using the

Empirical

Standards

Checklists would O
enable me to

improve how |

raviaw research

PEPErS,

Overall, the

Empirical

Standards

Checklists would )
be useful to

review research

DAPErS.

O
O
O
O

Figure 3.7: Section of Survey - Usefulness of Empirical Standards Checklist for Reviewing
Qualitative Survey Paper



26

3.1.2 Paper Selection

A Professor at the University of Victoria (UVic) provided a draft of the repository
mining (RM) conference paper presented in Appendix . A colleague in the Computer
Human Interaction and Software Engineering Lab (CHISEL) at UVic provided a draft of
the qualitative survey (QS) conference paper presented in Appendix . This provided
RM paper, and QS paper would be read and reviewed by the participants during the
pilot and sessions of my study. | selected drafts of conference papers instead of finished
conference papers to record more varied results from the participants as the papers were
under development.

In addition, | selected a repository mining paper and a qualitative survey due to the
research done by Storey et al. in “The who, what, how of software engineering research: a
socio-technical framework [18]". In this paper, Storey et al. used their “Who-What-How
framework™ to analyze 151 papers from two different venues: the International Confer-
ence on Software Engineering (ICSE) and the Empirical Software Engineering Journal by
Springer (EMSE). After analyzing the papers, Margaret-Anne Storey et al. found that the
data strategy papers (59 EMSE papers and 58 ICSE papers) and sample survey strategy
papers (16 EMSE papers and 5 ICSE papers) were the most prevalent papers out of the
151 papers. Due to these findings, | selected a repository mining paper and a qualitative

survey paper for the participants to review during the pilot and sessions of my study.

3.1.3 Participant Selection

The Ph.D. and Master's students were chosen as my participants for the pilot and
two sessions of my study because there is a higher chance that Ph.D. and Master's stu-
dents have had some experience conducting research compared to undergraduate students’
experience conducting research [5].

The participants were selected based on the following criteria:

1. Familiarity with the two empirical methodologies: repository mining and qualitative
survey. These are the two methodologies within the research papers provided to the

participants to review during the pilot and sessions of my study.
2. Had published one or more research papers.

3. Were either a Ph.D. or Master's student. Ph.D. students were preferred since they

were expected to have more experience with research.
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4. Located in North America. The Amazon gift cards provided to the participants were

in Canadian or U.S. dollars, so the participants needed to be in North America.

3.1.4 Ethics

My ethics application was approved by the Human Research Ethics Board (HREB)
for Session 1 of my study on March 16, 2022. My ethics application was approved by
HREB for Session 2 of my study on July 8, 2022. The following documents for my ethics
application are included in the Appendix.

1. Email Invitation to Participants in Session 1 of My Study (Appendix [A.7))
2. Consent Form for Participants in Session 1 of My Study (Appendix |A.8)

3. Email Invitation and Implied Consent Form for Participants in Session 2 of My Study
(Appendix |A.9)

4. HREB Application Approval for Session 1 of My Study (Appendix |A.10))

5. HREB Application Approval for Session 2 of My Study (Appendix |A.11])

6. TCPS2: Core - Certificate of Completion (Appendix |A.12))

3.1.5 Recruitment for Pilot and Feedback from Pilot

Two participants from the Computer Human Interaction and Software Engineering
Lab (CHISEL) at the University of Victoria were recruited for the pilot. During the pilot,
some minor miscommunications arose, which were fixed for the subsequent sessions of my
study. For example, participants did not know if they had to complete the entire survey
during a specific time frame without interruption or if they had to wait for my direction
to complete the survey. Another example is that the participants said they would be
more comfortable knowing how much time was left to complete the survey. Thus, for the
subsequent sessions of my study, they were asked to complete the survey without direction
from me. In addition, a timer was shown to the participants to inform them how much
time they had left to complete the survey. However, to be clear, the critical content for
the survey and the group discussion did not change between the pilot and the sessions
of my study. Only minor cosmetic changes were added to aid the participants. Due to
an issue that arose during one of the sessions of my study, the data from the pilot was

included in the overall data.
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3.1.6 Recruitment for Sessions of My Study

The participants were Computer Science Master's and Ph.D. students recruited using
two different strategies. Two recruitment strategies were needed due to the lack of interest
from students to participate in the first session of my study (Session 1). Thus, a second
recruitment strategy and a second session (Session 2) were required to obtain enough

data for analysis.

Recruitment Strategy for Session 1 of My Study

For the first recruitment strategy, | used an email, which included an image advertising
Session 1 of my study depicted in Figure [3.8] that was sent to various UVic mailing lists,
the leaders of UVic Computer Science Research Groups, the leaders of UVic Student Clubs,
and specific official UVic social media channels (the official UVic Reddit and the official
UVic Engineering & Computer Science Discord). The monetary incentive for participation
in Session 1 was a $20 Canadian Amazon Gift Card. However, using the first recruitment
strategy, only six participants showed interest in Session 1 by filling out a Microsoft Form
similar to the Microsoft Form included in Appendix [A.4] An email was sent to the six
participants with an attached consent form. If the participants signed and returned the
consent form, the participants then agreed to participate in Session 1 and to be audio
and video recorded for the entirety of Session 1. However, only one participant returned

a signed consent form and attended Session 1 of my study on June 24, 2022.

Recruitment Strategy for Session 2 of My Study

Due to the lack of students’ interest in participating in Session 1, | used a different
recruitment strategy to recruit more participants. For this recruitment strategy, | increased
the incentive to a $60 Canadian Amazon Gift Card or an equivalent valued Amazon Gift
Card in $USD. Next, a tweet from the Twitter account called “@Cassandra_Cupryk” stated
“Are you a Computer Science Master's or Ph.D. student who is interested in obtaining
a $60 Amazon Gift Card by participating in a focus group? This focus group is a part
of my Computer Science Master's Project. Look below for more info!” and presented an
image advertising Session 2 of my study shown in Figure 3.9] The image included a link
and a QR code to a Microsoft Form presented in Appendix [A.4]

Any students interested in participating in Session 2 of my study filled out the Microsoft
form with their contact information (first name, last name, and email) and answered the

form’s demographic questions. An email and a calendar invitation for Session 2's Zoom
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Figure 3.8: Recruitment Post for Session 1 of My Study

meeting were then sent to the students who fit the recruitment criteria for the session.
In the email, the participants were informed that by attending Session 2 of my study on
the outlined date and time, they implied their consent to participate in the session and to
be audio and video recorded during the session. Using the second recruitment strategy,
64 students filled out the Microsoft Form to express interest in participating in Session
2. The email and Zoom meeting were then sent out to the five students who best fit
the criteria chosen for recruiting participants outlined in section [3.1.3| In the end, four

students attended Session 2 of my study on July 22, 2022.

3.2 Process for Pilot and Each Study Session

The pilot and each session of my study were split into two main parts. The first part
involved the participants completing a survey hosted on “SurveyMonkey”. The second

part involved the participants having a group discussion.
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Figure 3.9: Recruitment Post for Session 2 of My Study

3.2.1 Part 1 of Pilot and Each Study Session: Survey

The survey was split into the following seven sections:

Section 1 of Survey: Read and Review Papers

For Section 1 of the survey, the participants were asked to read the two research
papers (a QS paper and an RM paper) and then review these two research papers by
using and completing the two corresponding ESCs. These two research papers were
drafts of conference papers. The titles of both research papers were anonymized and did
not include any identifying information about the authors.

Once the participant completed each ESC, the ESC would be available to download
as a text file (.txt) named “reviewChecklist.txt” to their device. An example of what
“reviewChecklist.txt” looked like is presented in Figure[3.10] The participant then copied

and pasted the text of the “reviewChecklist.txt” file into the designated area of Section
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1 of the survey. Participants were also asked to keep the windows of the two completed

ESCs open to answer the questions in Sections 2 and 3 of the survey.

B reviewChecklist.txt

Recommended Decision: ACCEPT

Essential

ES1: states a purpose, problem, objective, or research question

ES2: explains why the purpose, problem, etc. is important

ES3: defines jargon, acronyms and key concepts

ES4: methodology is appropriate for stated purpose, problem, etc.

ES5: describes in detail what, where, when and how data were collected

ES6: describes in detail how the data were analyzed

ES7: explains how interviewees were selected

ES8: describes interviewees

ES9: describes interviewer(s)

ES10: presents results

ES11: results directly address research questions

ES12: enumerates and validates assumptions of statistical tests used

ES13: presents clear chain of evidence from interviewee quotations to findings

ES14: clearly answers the research question(s)

ES15: provides evidence of saturation; explains how saturation was achieved

ES16: discusses implications of the results

ES17: discusses the study's limitations and threats to validity

ES18: states clear conclusions which are linked to research question and supported by explicit evidence or arguments
ES19: researchers reflect on their own possible biases

ES20: contributes in some way to the collective body of knowledge

ES21: language is not misleading; any grammatical problems do not substantially hinder understanding
ES22: acknowledges and mitigates potential risks, harms, burdens or unintended consequences of the research
ES23: visualizations/graphs are not misleading

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y = yes, the paper has this attribute

R = a reasonable, acceptable deviation from the standards

1 = a deviation that can be fixed by editing text only

2 = a deviation that can be fixed by doing some new data analysis, redoing some existing data analysis, or collecting a small amount of additional data
3 = a deviation that can be fixed by completely redoing data analysis, or collecting additional data

4 = a deviation that cannot be fixed, or at least not without doing a brand new study

Qualitative Surveys

URL: https://cassandra-cupryk.github.io/EmpiricalStandards/form_generator/result. html?standard=Qualitative+Surveys&role=one-phase-reviewer

Figure 3.10: Example of reviewChecklist.txt file

Sections 2 and 3 of Survey: Understanding the Statements from the Empirical
Standards Checklist for the Qualitative Survey Paper and the Repository Mining
Paper

Sections 2 and 3 are intended to answer research question 1 (RQ1). Moreover, the

survey questions for sections 2 and 3 involved asking questions about the participants’



32

opinions on the comprehensibility of the ESCs. These sections also asked the participants
to highlight which checklist items were difficult for them to understand from the QS and
the RM checklist.

Sections 4 and 5 of Survey: Opinions of Usefulness and Ease-of-Use

Sections 4 and 5 of the survey were used to answer research questions 2 (RQ2) and 3
(RQ3), respectively. The survey questions for sections 4 and 5 involved asking questions
about the participants’ opinions on the usefulness of the ESCs, as well as the ease-of-use
of the ESCs.

Section 6 of Survey: Demographic Data Section

In the survey, the participant would select the empirical methodologies familiar to
them, the number of papers they've published, whether they have taken a course on how
to perform research, and whether they have used a tool or piece of software to review

research papers.

Section 7 of Survey: Final Thoughts

In this section, the participant would provide their final thoughts about the ESCs that

they could not share in the previous sections of the survey.

3.2.2 Part 2 of Pilot and Each Study Session: Group Discussion

For the second part of the pilot or each session of my study, there was a group
discussion to collect feedback on their opinions on the pilot or session of the study.
Moreover, the participants were asked to type an answer on the Zoom whiteboard to
answer the question “What is your overall opinion of today's focus group?’. However,
some participants felt more comfortable answering the question via Zoom chat or audibly.
Thus, all the participants’ feedback was collected using the Zoom whiteboard, the Zoom

chat, and the participants’ audio.

3.3 After the Pilot and Sessions of My Study

After the two sessions of the study were over, the participants who attended the first

and the second sessions of my study (not the pilot) were sent a $60 Canadian Amazon
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gift card or an equally valued United States Amazon gift card.

3.4 Theme Code Analysis

The coding handbook was built iteratively while analyzing the qualitative data from
the Pilot, Session 1, and Session 2. After the pilot or the session occurred, the audio
recordings were transcribed with the aid of the dictation software provided by Microsoft
Word. In addition, other qualitative data was obtained from the survey, the Zoom chat,
and the Zoom whiteboard. All the qualitative data was then copied into Microsoft Excel.
Then, the qualitative data was open-coded to answer RQ1, RQ2, and RQ3. Moreover,
the open codes were primarily chosen to present the participants’ perceptions of the ESCs’
comprehensibility, ease-of-use, and usefulness. As the coding handbook was updated after
each session, the open codes of the previous session’s qualitative data were also updated.
For example, new codes were obtained after analyzing the qualitative data of Session 1.
Thus, the coding handbook and the codes for the Pilot's qualitative data were updated.
Appendix[A.1] provides the final table of theme codes derived from all the qualitative data.

The steps of my methodology have been explained above to show how the results
will be collected to answer my three research questions. The next chapter will reveal the
obtained results after conducting my study.
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Chapter 4
Results

This chapter presents the data collected during my study. It is divided into the follow-
ing sections: the participants’ demographic data, the participants’ decisions on whether
to accept or to reject the Qualitative Survey (QS) paper or the Repository Mining (RM)
paper, the participants’ perceptions on the comprehensibility of the Empirical Standards
Checklist (ESC) (RQ1), the participants’ perceptions on the ease-of-use of the ESC (RQ2),
and the participants’ perceptions on the usefulness of the ESC (RQ3). To answer these
research questions, | will present my results based on the collected quantitative and qual-

itative data, respectively.

4.1 Participants’ Demographic Data

Table presents the following demographic data of the participants: the number
of papers that the participant has published, whether the participant has taken a course
on how to perform research, and whether the participant has used a tool or a piece of

software to review research papers.

Whether the Par- | Whether the Participant
Number of Papers

Participant . | ticipant has taken | has used a tool or piece
that the Partici- )
ID _ a course on how to | of software to review re-
pant has Published
perform research search papers
Yes Yes
Yes No

Yes Yes
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4 5+ Yes No
5 Yes No
6 Yes Yes
7 Yes Yes

Table 4.1: Demographic Data - Participants’ Information

Figure [4.1]demonstrates that the participants were the most familiar with the following
empirical standard methodologies: “Case Study”, “Data Science”, and "Experiment (with
human participants)”. However, none of the participants were familiar with the empirical
standard methodology: “Meta-science”.

Figure highlights that all the participants had taken a university course intended
to teach students how to perform research. Additionally, four participants (P1, P3, P6,
P7) stated that they had used a tool or piece of software (other than the ESC) to review
research papers.

In the survey, | asked the participants to provide the names of software or tools for
reviewing research papers. One participant (P5) highlighted that they had used “Robot”
to review research papers. However, | could not find this software or tool named “Robot”
intended for reviewing research papers. P7 did not provide any names for tools or software
for reviewing papers. Instead, they offered terms of statistical methods, “I've used ana-
lytical tools like chi-square and regressional technique.”. P3 stated they used annotation
tools to write notes to review papers, “Annotation tools to write notes, but | am not sure if
that's what you mean by‘Software’.” Moreover, none of the participants provided names

for alternative software or tools to the ESC for reviewing research papers.
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Overview of Methodologies that are Familiar to the Participants
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Figure 4.1: Demographic Data - Overview of the Empirical Standard Methodologies that
are Familiar to the Participants
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Overview of Specific Demographic Questions
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Figure 4.2: Demographic Data - Results of Demographic Survey Questions
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4.2 Accepting or Rejecting Papers

In the first section of the survey, | asked the participants to use the ESC to help them
decide if they should either reject or accept the QS paper and the RM paper. Figure
highlights that all five participants (P1, P2, P3, P4, P6) decided to accept the RM
paper after reviewing the paper with the ESC and that two participants did not answer
the survey question. In contrast, Figure illustrates that four participants (P1, P3, P4,
P7) rejected the QS paper after reviewing the paper with the ESC, and one participant
did not answer the survey question. Three participants (P1, P3, P4) selected the same
checklist item from the QS ESC as the reason for rejecting the QS paper: #15 in the
" Essential” section of the QS ESC, " ES15: provides evidence of saturation; explains
how saturation was achieved”. Additionally, P7 selected all of the following checklist

items from the essential section of the QS ESC as the reasons to reject the QS paper:

1. ES3: defines jargon, acronyms, and key concepts

2. ES4: explains why repository mining is appropriate for the proposed research problem
3. ES8: defines unit(s) of analysis or observation

4. ES12: describes the selected repositories

5. ES14: if the data obtained is too large to be processed in its entirety - explains why

- explains the sampling strategy
6. ES16: describes data preprocessing steps
7. ES19: EITHER: uses previously validated measures, OR: assesses construct validity
8. ES23: enumerates and validates assumptions of statistical tests used

9. ES29: language is not misleading; any grammatical problems do not substantially

hinder understanding
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Participants choose whether to Reject or
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Figure 4.3: Comprehensibility - Overview of Quantitative Comprehensibility Results of the
Empirical Standards Checklist for the Repository Mining Paper
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Figure 4.4: Comprehensibility - Overview of Quantitative Comprehensibility Results of the
Empirical Standards Checklist for the Qualitative Survey Paper
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4.3 RQ1: What are the Ph.D. and Master’s students’

perceptions concerning the comprehensibility of
the Empirical Standards Checklist?

4.3.1 Participants’ General Perceptions on the Comprehensibility
of the Empirical Standards Checklists

Several participants voiced different perceptions of the comprehensibility of the ESCs.
P3 had no difficulty with the comprehensibility of the ESCs saying ‘I didn't have any
questions on the checklists. They were pretty self-explanatory.” However, a couple of par-
ticipants (P4, P5) commented that they needed help understanding some of the checklist
items of the ESCs. P5 wrote that the ESCs forced them to do additional research to
understand some of the checklist items, “Made me look up many things.” P4 pointed out
that inexperienced researchers may find the ESCs difficult to understand, “Not for begin-
ners in its current state.” Additionally, P4 also stated that they felt too inexperienced to
understand the ESCs, ‘] feel like | don't know enough to understand the checklists " and
that their inexperience is a barrier preventing them from using the ESCs, “I would love to

use it, but | need to learn **a lot** more about the things mentioned in the survey.”

4.3.2 Participants’ Perceptions on the Comprehensibility of the
Qualitative Survey Empirical Standards Checklist

In Figure [4.5] | present the seven participants’ overall perceptions on whether the
checklist items from the QS ESC were easy to understand. Our results indicate that five
out of the seven participants (P1, P2, P3, P5, P6) agreed that the statements
from the QS ESC were overall easy to understand.

Figure presents a more detailed view of which sections (Essential (ES), Desirable
(DE), Extraordinary (EX)) of the QS ESC were challenging to understand for the partic-
ipants. As indicated in Figure , five out of seven participants(P2, P3, P5, P6,
P7) were able to understand all the statements in the Essential section of the ESC, six
out of seven participants (P1, P2, P3, P5, P6, P7) were able to understand all the
statements in the Desirable section of the ESC, and all seven participants were able to
understand all the statements in the Extraordinary section of the ESC.

During the survey, | asked the participants to identify the checklist items in each
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section (Essential, Desirable, Extraordinary) that were difficult for them to understand.
For the Essential section, P4 revealed that they did not have enough previous knowledge
to understand the term “saturation” in checklist item #ES15 (#ES15: provides evidence
of saturation; explains how saturation was achieved) stating “ES15: "saturation” is a new
concept for me; | had to look it up and have a shaky understanding of it.” In addition,
P1 commented that there were some comprehensibility issues regarding the meaning and
subjectivity of terms in the same checklist item #ES15, “Yes #15. What do you mean
by saturation? Or what do you mean by reasonable? The checklist has these vague and
subjective words. "

For the Desirable section, P4 had difficulty understanding checklist item #DE18
(#DEL18: validates results using member checking, dialogical interviewing, feedback from
non-participant practitioners or research audits of coding by advisors or other researchers)
by stating “I'm not familiar with these methods of result validation, and I'd have to read
the paper to brush up on them.” P4 also pointed out another checklist item #DE1 (DE1:
states epistemological stance) that they had trouble understanding and stated that they
did not have enough expertise to identify epistemological stances in a paper, “DEI1: I'm
not familiar with different epistemological stances to the point where I'm comfortable
identifying them.”

The statements from the Empirical Standards Checklist

for the Qualitative Survey paper were overall easy to
understand.

w

1 1

. 0 -
0

Strongly Agree Agree Neutral Disagree Strongly
Disagree

Number of Answers
— N

Types of Answers

Figure 4.5: Comprehensibility - Results for the Survey Question: " The Statements from
the Empirical Standards Checklist for the Qualitative Survey Paper were Overall Easy to
Understand”
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Overview of Comprehensibility Results of the Empirical Standard's
Checklist for the Qualitative Survey Paper
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Figure 4.6: Comprehensibility - Overview of Quantitative Comprehensibility Results of the
Empirical Standards Checklist for the Qualitative Survey Paper

4.3.3 Participants’ Perceptions on the Comprehensibility of the
Repository Mining Empirical Standards Checklist

In Figure [4.7] | present the seven participants’ overall perceptions on whether the
checklist items from the RM ESC were easy to understand. Moreover, five out of seven
of the participants (P1, P2, P3, P5, P6) agreed that the statements from the RM
ESC were overall easy to understand.

Figure outlines a more detailed presentation on which sections (Essential (ES),
Desirable (DE), Extraordinary(EX)) of the RM ESC were difficult for the participants to
understand. Five out of seven participants (P1, P2, P5, P6, P7) were able to understand
all the statements in the " Essential” section of the ESC, six out of seven participants(P1,
P2, P3, P5, P6, P7) were able to understand all the statements in the " Desirable” section
of the ESC, and six out of the seven participants (P1, P2, P3, P4, P5, P6) were able to

understand all the statements in the " Extraordinary” section of the ESC.
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In the survey, | asked the participants to pinpoint the checklist items in each section
(Essential, Desirable, Extraordinary) that were difficult for them to understand. For exam-
ple, P4 felt overwhelmed by the amount of information in checklist item #ES20 (ES20: if
predictive modeling is used, complies with the Data Science Standard) and stated “ES20:
The data science standard is A LOT to take in!” Similar to the comments of P4 in Section
[4.3.2] P4 did not understand the term “epistemological stance” in the RM ESC checklist
item #DE1 (DEL: states epistemological stance)), stating “DE1: Again, epistemological

stance.”
The statements from the Empirical Standards
Checklist for the Repository Mining paper were
overall easy to understand.
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Figure 4.7: Comprehensibility - Results for the Survey Question: " The Statements from
the Empirical Standards Checklist for the Repository Mining Paper were Overall Easy to
Understand”
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Overview of the Comprehensibility Results of the Empirical
Standard's Checklist for the Repository Mining Paper
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Figure 4.8: Comprehensibility - Overview of Quantitative Comprehensibility Results of the
Empirical Standards Checklist for the RM Paper

4.4 RQ2: What are the Ph.D. and Master’s students’
perceptions concerning the ease-of-use of the Em-
pirical Standards Checklist?

Figure shows that four out of the seven participants (P1, P2, P3, P6)
agreed that the ESC was easy to use, while two participants (P4, P7) strongly disagreed.

Even though the majority of participants agreed that the ESC was easy to use, several
participants voiced their critiques on the ease-of-use of the ESC. P2 highlighted that
if they accidentally closed the window hosting the ESC, they would then lose all their
progress when completing the ESC, "/ read the paper and reviewed the paper, and then,
unfortunately | closed my window.” P2 also voiced that they had difficulty reading the
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Results for "Overall, | find the Empirical
Standards Checklists easy to use."
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Figure 4.9: Ease-of-Use - Results for the Survey Question: " Overall, | find the Empirical
Standards Checklists Easy to Use"

text of the ESC since the text was situated too close together, ”"One thing that would be
nice is a way to make it easier to read since sometimes the text is bunched up with the
items above and below the one you are reading.”

P1 pointed out that the ESC's "Desired” and "Extraordinary” sections were hidden
from them until the "Essential” section of the ESC is completed, "Furthermore, why
not allow the reviewer to consider the Desired and Extraordinary items even if the paper
receives some "Not reasonable” mark during the Essential list?”

P1 also stated that when they had hovered their mouse over underlined checklist items,
the ESC would provide more information on those checklist items. However, P1 pointed
out that using an underline is not a familiar way of providing additional information to
a user. Instead, P1 recommended that the checklist items had a more information icon
button similar to €, which usually signifies that there is more information to a user,
"When you have something that you want to explain to us, it's underlined. It took me
some time to understand that if | mouse over a checklist item, | would be seeing details
of what that checklist item means. Usually, we have an icon sign like €. | know that
| will see additional information with this icon. Currently, it's not following the pattern

that | would be expecting.”
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4.5 RQ3: What are the Ph.D. and Master’s students’

perceptions concerning the usefulness of the Em-
pirical Standards Checklist?

To obtain the overall sentiment of the participants on the usefulness of the ESCs,
| asked them to express their perceptions on the statement, "Overall, the ESCs would
be useful to review research papers.” Figure [4.10| shows thatfive out of seven of the
participants (P1, P2, P3, P4, P6) agreed with that statement. In addition, some
participants (P2 and P4) stated that the ESCs were very useful for reviewing research
papers. For example, in the words of P4, "It’s super useful.” Moreover, P2 emphasized,

" The checklists are a useful and systematic way to review papers.”

Results for "Overall, the Empirical Standards Checklists
would be useful to review research papers."

w

Number of Answers
N

(@) —
o

Strongly Agree Neutral Disagree Strongly
Agree Disagree
Types of Answers

Figure 4.10: Usefulness - Overview of Quantitative Usefulness Results of the Empirical
Standards Checklist for the Qualitative Survey Paper

| examined the participants’ perceptions of the usefulness of the ESC in terms of
how the tool enables them to: (1) review research papers more quickly (Section [4.5.1),
(2) review research papers more easily (Section[4.5.2), (3) increase their understanding of
research papers (Section [4.5.3)), and (4) improve how they review research papers (Section
4.5.4).
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Overview of Usefulness Results for the Empirical Standards Checklist
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Figure 4.11: Usefulness - Overview of Quantitative Usefulness Results of the Empirical
Standards Checklist for the Qualitative Survey Paper

4.5.1 To what extent do Ph.D. and Master’s students agree that
the Empirical Standards Checklists would enable them to

review research papers more quickly?

Based on my survey, six out of the seven participants agreed (P1, P2, P3,
P4, P5, P6) that using the ESC would enable them to review research papers more
quickly. However, one participant (P7) strongly disagreed. The ESC helps Ph.D. and
Master's students speed up the reviewing process by narrowing the criteria reviewers need

to evaluate a research paper.

4.5.2 To what extent do Ph.D. and Master’s students agree that
the Empirical Standards Checklists would enable them to

review research papers more easily?

Based on my survey, Figureshows that five out of the seven participants (P1,
P2, P4, P5, P6) agreed with the sentiment " Using the Empirical Standards Checklists
would enable me to review research papers more easily.” In contrast, one participant (P7)
strongly disagreed. However, during the group discussion, P7 pointed out “the ESC helped

me learn an easier way of analyzing research papers.”
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4.5.3 To what extent do Ph.D. and Master’s students agree that
the Empirical Standards Checklists would enable them to

increase their understanding of research papers?

Based on my survey, four out of seven participants (P1, P3, P4, P6) agreed
that using the ESCs would enable them to increase their understanding of research papers.
Two participants (P2 and P5) were neutral, and one participant (P7) strongly disagreed.
During the group discussion, some participants highlighted that the ESC would be useful
for improving their research papers, for instance, in words of P3, “Now [ can focus on fixing
and getting everything inside of the checklist,” and “Now | am aware of the considerations

in the extraordinary category to improve my work."”

4.5.4 To what extent do Ph.D. and Master’s students agree that
the Empirical Standards Checklists would enable them to

improve how they review research papers?

Based on my survey, six out of the seven participants (P1, P2, P3, P4, P5,
P6) agreed that using the ESC would enable them to improve how they review research
papers, and only one participant (P7) strongly disagreed. Additionally, from the group
discussion, P2 stated that the use of the checklist would reduce the possibility of the
reviewer introducing their bias when reviewing research papers or in the words of P2,/
believe that a systematic way to review papers is good because it alleviates problems such
as how the reviewer might be feeling that day and their own biases into how the research
should have been conducted.”

Even though most participants agreed that the ESC would enable them to improve
how they review research papers, a couple of participants voiced concerns about how the
ESC could influence their decision to reject or accept a paper. For instance, P1 stated
“If | wasn't an experienced person, | might be influenced by this project, but | still see
the value of what it's doing. It should help me evaluate all these items, but it should not
say whether the paper should be accepted or rejected.” Furthermore, P1 proposed that
the ESC should highlight the issues based on the ESC instead of telling the participant to
accept or reject the paper to minimize bias. In this case, allow the reviewers to decide if
the papers satisfy their quality criteria. For example, in the words of P1, “There should be
some red flag. Something that would indicate an improvement opportunity. That doesn't

mean | would reject the paper if one of the items, even if they are considered essential,
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does not satisfy my perspective.”

In addition, P2 commented that even though researchers have validated the ESC,
there is still a concern that a reviewer may use the ESC as a tool for rejecting a paper.
For example, P2 said “I know they're validated, but it's still like if somebody were to find
this website and use that as their sole reason for rejecting a paper.”

Another example is that P1 felt that the ESC was missing two checklist items and a
third response for each checklist item. For instance, P1 stated that there was a missing
checklist item that would evaluate the format of the paper, “/ missed something related
to the paper’s formatting or editorial stuff like missing references, problems with using
italic, other quotations, and things that were not following the pattern that | would be
expecting for, high-level standards of writing. If | were a reviewer, | would like to have
this because it's a condition for the paper to be approved.” In addition, P1 said that
they wanted a checklist item that would evaluate the paper's grammar, stating ‘“there
wasn't one item related to grammar.” Finally, P1 suggested that the ESC should include
a third option in the response considering “Not Applicable” and additional considerations
for evaluating the format of the paper. For instance, P1 stated “/ would like to have the

option to say not applicable.”
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Chapter 5
Discussion

In this chapter, | summarize and also discuss an implication that can aid Ph.D. and
Master's students in the future as well as highlight recommendations for the user interface
(Ul) designers and the research community working on the ESC. | present some new
insights that emerged that were not directly related to the research questions | posed in
my study. In addition, | present threats to the validity and limitations of my study.

5.1 An Implication for Ph.D. and Master’s students

There is one implication for Ph.D. and Master's students regarding the future use of
the ESC. The ESC does not only have to be used by Ph.D. and Master's students to
review papers but can also be used by Ph.D. and Master's students to write their papers.
In section, |4.5.3] a participant stated that they would want to use the ESC to improve
how they wrote their papers. They even said they wanted to ensure their papers satisfied

the checklist items from the " Extraordinary” section of the ESC.

5.2 Recommendations for the Empirical Standards Check-
list

From my study, several recommendations emerged for the Ul designers and the research
community of the ESC. The recommendations for the Ul designers are the following:
improve the readability of the ESC, make the Desirable and Extraordinary checklist items
visible at all times, abide by the user experience design (UX) standards, and allow the user

to save their progress when completing the ESC. The recommendations for the research
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community include: improving the comprehensibility of the ESC, building a glossary for
confusing and complex terms, and training users on how to use the ESC. | discuss these

insights in more detail below.

5.2.1 Recommendations for the Ul Designers of the Empirical
Standards Checklists

Improving the readability of the ESC. Participants recommended improving the
readability of the ESC. A participant in Section stated that the text of the checklist
items should be more spaced out from the text above and below.

Enhancing the visibility of Desirable and Extraordinary items in the ESC. In
section , a participant commented on the fact that certain sections (“Desirable” and
“Extraordinary” ) of the ESC are not always visible to them until they've completed the
checklist. Moreover, another recommendation would be to have all sections of the ESC
visible at all times rather than have certain sections hidden.

Using general UX standards. Another recommendation for the designers of the
ESCs would be to improve the website based on the general UX standards of websites. In
section [4.4] a participant discussed how a checklist item should not have been underlined
to signify that there is more information. Instead, an icon similar to this information icon:
O should be used to indicate that there is more information.

Adding a “Save progress” option. In section 4.4} a participant mentioned an issue
they ran into while completing the ESCs. At one point during the study, the participant
had accidentally navigated to another page while completing the ESC, and all the checklist
items they had already completed disappeared. Moreover, this issue would be prevented

from arising again if the data of the ESC could be saved.

5.2.2 Recommendations for the Research Community of Empiri-
cal Standards Checklist

Improving the comprehensibility of the ESC. The current version of the ESC
may not be usable by all Ph.D. and Master’s students since many participants pointed
out comprehensibility barriers that prevented them from reviewing the papers. In section
4.3.1], one participant said that the ESC is not ready for beginner researchers to use in
its current version. In section [4.3.2] several participants highlighted checklist items that

prevented them from completing the review of the QS paper. In section4.3.3] a participant
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mentioned a checklist item containing an overwhelming amount of information.
Facilitating a glossary of terms to increase the comprehensibility of specific
terms. In section [4.3.2 a few participants struggled with specific terms in the checklist.
Moreover, one recommendation would be to provide additional information and clarity on
these specific terms, so the comprehensibility of the ESC could be improved.
Training users on how to use the ESC. Another recommendation is to figure out
a way to train new users on how to use the ESC. For example, there could be a quick

tutorial to educate new users on how to use the ESC.

5.3 Validity threats and limitations

| highlighted the threats of validity following the criterion from Korstjens et al. Guba,
which was divided into internal validity, construct validity, and reliability [4] [10].

5.3.1 Internal Validity

One potential threat was the time constraint for the reviewing paper tasks. Par-
ticipants may have been influenced by the time constraint while reviewing the papers.
However, | did run a pilot study to determine whether the time to read and review the

papers was enough for the participants.

5.3.2 Construct validity

The design of the group discussion for the study may have influenced the participants’
opinions. All participants were together when discussing their views on the ESC. However,
| played the role of the moderator for the group discussion, ensuring all participants

expressed their honest feedback and justified the rationales behind their responses.

5.3.3 Reliability

Another potential threat was that | was the only person who collected and analyzed
the data. Therefore, | could have introduced bias since only one person ran and coded
the data. However, | had several discussions with my supervisors to ensure the credibility

of my study's results.
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Chapter 6
Conclusion

| conducted an exploratory study with seven participants, consisting of Master’s and
Ph.D. students, to collect their perceptions on the Empirical Standards Checklists's com-
prehensibility, ease-of-use, and usefulness. During the exploratory study, | observed the
students complete a survey using the Empirical Standards Checklist to read and review
the Qualitative Survey and Repository Mining papers. In addition, | had a group discus-
sion about collecting their opinions on how the study was conducted. Most participants
agreed that the Empirical Standards Checklists were easy to understand, easy to use, and
useful. However, the participants provided some feedback regarding the content of the
Empirical Standards Checklists and the design of the Empirical Standards Checklists. For
instance, there were some clarity issues regarding some terms in the Empirical Standards
Checklists’ checklist items. Another instance was a design issue that could cause the user
to lose their progress when filling out the checklist if they navigated to another window.
Future work could investigate whether using the guidelines would help researchers write
better papers. Another idea is determining how to facilitate the adoption of the Empirical
Standards Checklists into the Software Engineering research community by considering
the researchers’ tools and workflows. One last idea is to investigate the usability of the
Empirical Standards Checklists. | hope that the insights from my project will help other
researchers perform more studies evaluating the Empirical Standards Checklists to improve
the Empirical Standards Checklists.
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A.1 Final Theme Codes

Table presents the theme codes that are needed to evaluate the qualitative data
from the survey, the group discussion's whiteboard and chat, and the audio transcript

during the entire study.

Open Code

Definition

Checklist Alternatives

Participants provided software and tool alterna-

tives that they've used to review research papers.

Checklist Comprehension

Participants expressing opinions on the compre-
hensibility of the checklist.

Checklist Design

Participants expressing opinions on the design of
the checklist.

Checklist Ease-of-Use

Participants expressing opinions on the usability
of the checklist.

Checklist Usefulness

Participants expressing opinions on the useful-

ness of the checklist.

Checklist Uses

Participants expressing opinions on the uses of
the checklist.

Paper Choice

Participants expressing opinions on the research

papers chosen for the study.

Paper Familiarity

Participants expressing opinions on how the re-

search papers were familiar to them.

Study Feelings

Participants expressing opinions on how the

study was performed.

Study Obstacles

Participants expressing opinions on any obstacles

the participants faced during the study.

Study Tools

Participants expressing opinions on the tools

used to facilitate the study.

Table A.1: Theme Codes for the Qualitative Data Analysis.
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Survey: Introducing the Empirical Standards Checklist

1. Section 1: Read and Review the 2 Research Papers
Please be aware that the time limit to complete Section 1is 2 hours.

*1. The time limit is T hour to review the first paper.

(] Download the first paper from Microsoft OneDrive by clicking Here.

(] Read the first paper.

(] Review the first paper by completing the checklist that is listed Here.

(] To complete section 3 of the survey, it is important to keep the window of the checklist of
the first paper open.

(] After completing the checklist for the first paper, do not forget to download the text file

titled "reviewChecklist.txt" by clicking the Download button at the bottom of the window.

* 2. Please copy and paste all the text from your downloaded text file titled
"reviewChecklist.txt" for the first paper into the text box below.

* 3. The time limit is 1 hour to review the second paper.

(] bownload the second paper from Microsoft OneDrive by clicking Here.
(] Read the second paper.

(] Review the second paper by completing the checklist that is listed Here.

(] To complete section 4 of the survey, it is important to keep the window of the checklist of
the second paper open.

(] After completing the checklist for the second paper, do not forget to download the text file
titled "reviewChecklist.txt" by clicking the Download button at the bottom of the window.



* 4. Please copy and paste all the text from your downloaded text file titled
"reviewChecklist.txt" for the second paper into the text box below.

Survey: Introducing the Empirical Standards Checklist
2. Section 2: Demographic Questions

Please note that Sections 2 to 7 should take you 30 minutes.
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* 5. Please select the research methods that are familiar to you.

[j Action research

(] Benchmarking

(] case study

E] Case survey

(] Data science

(] Engineering research

(] Experiment (with human participants)
(] Grounded theory

D Meta-science

(] Multimethodology or mixed methods
(] optimization study (including search-based software engineering)
D Qualitative survey (i.e. interviews)

[] Quantitative longitudinal study

[:] Quantitative simulation

E] Questionnaire survey

(] Repository Mining

D Systematic literature review

(] None of the above

* 6. How many papers have you published?

Oo O3
O1 Oa4
O2 O 5+
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* 7. Have you ever taken a university course that was dedicated to teach you how to
perform research?

OYes O No

* 8. Have you ever used a tool or piece of software to review research papers?

OYes O No

If you answered "Yes", please include the names of any other tools or pieces of software you've
used to review research papers.

Survey: Introducing the Empirical Standards Checklist
3. Section 3: Understanding the Statements from the Checklist for the

first paper.
At this moment, please refer to the open window of the checklist that you

completed for the first paper.



*9. Do you understand all the statements from the "Essentials" (ES) section of the first
paper's checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "ES#: | do not understand the statement because ...".
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*10. Do you understand all the statements from the "Desirable” (DE) section of the first

paper's checklist?
O Yes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "DE#: | do not understand the statement because ...".
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*11. Do you understand all the statements from the "Extraordinary” (EX) section of the
first paper's checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "EX#: | do not understand the statement because ...".

*12. Please say how much you agree or disagree with the following statements.

Strongly Disagree Disagree Neutral Agree Strongly Agree
The statements
from the
checklist for the
first paper were O O O O O
overall easy to
understand.

Survey: Introducing the Empirical Standards Checklist
4. Section 4: Understanding the Statements from the Checklist for the

second paper.
At this moment, please refer to the open window of the checklist that you

completed for the second paper.
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*13. Do you understand all the statements from the "Essentials" (ES) section of the
second paper's checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "ES#: | do not understand the statement because ...".
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*14. Do you understand all the statements from the "Desirable" (DE) section of the
second paper's checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "DE#: | do not understand the statement because ...".
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*15. Do you understand all the statements from the "Extraordinary” (EX) section of the
second paper's checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "EX#: | do not understand the statement because ...".

*16. Please say how much you agree or disagree with the following statements.

Strongly Disagree Disagree Neutral Agree Strongly Agree
The statements
from the
checklist for the
second paper O O O O O

were overall easy
to understand.

Survey: Introducing the Empirical Standards Checklist
5. Section 5: Opinions on Usefulness



*17. Please say how much you agree or disagree with the following statements.

Strongly Disagree Disagree Neutral Agree Strongly Agree
Using the
checklists would
enable me to
review research O O O O O
papers more
quickly.

Using the

checklists would

enable me to

review research O O O O O
papers more

easily.

Using the

checklists would

enable me to

increase my O O O O O
understanding of

research papers.

Using the
checklists would

enable me to
improve how | O O O O O
review research

papers.

Overall, the
checklists would

be useful to O O O O O

review research
papers.

Survey: Introducing the Empirical Standards Checklist
6. Section 6: Opinions on Ease-of-Use

*18. Please say how much you agree or disagree with the following statements.

Strongly Disagree Disagree Neutral Agree Strongly Agree
Overall, | find the

checklists easy to O O O O O

use.
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Survey: Introducing the Empirical Standards Checklist
7. Section 7: Final Thoughts

*19. Do the checklists cover all the important aspects needed to review research
papers?

OYes O No

If you answered "No", please state why.

20. Do you have any other comments, questions, or concerns about the checklists?

Please click the Done button below if you are done with the survey!

Thank You!



A.3 Survey for Studies Other Than Pilot Study
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Survey: Introducing the Empirical Standards Checklist
1. Section 1: Read and Review the 2 Research Papers
Please be aware that the time limit to complete Section 1is 2 hours.
If you need a reminder on what to do for Section 1, you can watch the video of the
demo again by clicking Here.

*1. The time limit is T hour to review the first paper.

(] Download the first paper by clicking Here.

(] Read the first paper.

(] Review the first paper by completing the Empirical Standards Checklist that is listed Here.

(] To complete section 2 of the survey, it is important to keep the window of the checklist of
the first paper open.

(] After completing the checklist for the first paper, do not forget to download the text file

titled "reviewChecklist.txt" by clicking the Download button at the bottom of the window.

* 2. Please copy and paste all the text from your downloaded text file titled
"reviewChecklist.txt" for the first paper into the text box below.

* 3. The time limit is 1 hour to review the second paper.

(] bownload the second paper by clicking Here.
(] Read the second paper.

(] Review the second paper by completing the Empirical Standards Checklist that is listed
Here.

(] To complete section 3 of the survey, it is important to keep the window of the checklist of
the second paper open.

(] After completing the checklist for the second paper, do not forget to download the text file
titled "reviewChecklist.txt" by clicking the Download button at the bottom of the window.
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* 4. Please copy and paste all the text from your downloaded text file titled
"reviewChecklist.txt" for the second paper into the text box below.

Survey: Introducing the Empirical Standards Checklist
2. Section 2: Understanding the Statements from the Empirical
Standards Checklist for the first paper.

At this moment, please refer to the open window of the Empirical Standards
Checklist that you completed for the first paper.

* 5. Do you understand all the statements from the "Essentials" (ES) section of the first
paper's Empirical Standards Checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "ES#: | do not understand the statement because ...".




* 6. Do you understand all the statements from the "Desirable” (DE) section of the first

paper's Empirical Standards Checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "DE#: | do not understand the statement because ...".
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*7. Do you understand all the statements from the "Extraordinary” (EX) section of the
first paper's Empirical Standards Checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "EX#: | do not understand the statement because ...".

* 8. Please say how much you agree or disagree with the following statements.

Strongly Disagree Disagree Neutral Agree Strongly Agree
The statements
from the
Empirical
Standards
Checklist for the O O O O O

first paper were
overall easy to
understand.

Survey: Introducing the Empirical Standards Checklist
3. Section 3: Understanding the Statements from the Empirical
Standards Checklist for the second paper.

At this moment, please refer to the open window of the Empirical Standards
Checklist that you completed for the second paper.
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*9. Do you understand all the statements from the "Essentials" (ES) section of the
second paper's Empirical Standards Checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "ES#: | do not understand the statement because ...".
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*10. Do you understand all the statements from the "Desirable” (DE) section of the
second paper's Empirical Standards Checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "DE#: | do not understand the statement because ...".
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*11. Do you understand all the statements from the "Extraordinary” (EX) section of the
second paper's Empirical Standards Checklist?

OYes O No

If you answered "No", please list the ID with the corresponding reason why you do not understand
the checklist statement. For example, "EX#: | do not understand the statement because ...".

*12. Please say how much you agree or disagree with the following statements.

Strongly Disagree Disagree Neutral Agree Strongly Agree
The statements
from the
Empirical
Standards
Checklist for the O O O O O

second paper
were overall easy
to understand.

Survey: Introducing the Empirical Standards Checklist
4. Section 4: Opinions on Usefulness
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*13. Please say how much you agree or disagree with the following statements.

Using the
Empirical
Standards
Checklists would
enable me to
review research
papers more
quickly.

Using the
Empirical
Standards
Checklists would
enable me to
review research
papers more
easily.

Using the
Empirical
Standards
Checklists would
enable me to
increase my
understanding of
research papers.

Using the
Empirical
Standards
Checklists would
enable me to
improve how |
review research
papers.

Overall, the
Empirical
Standards
Checklists would
be useful to
review research
papers.

Strongly Disagree  Disagree Neutral Agree Strongly Agree
O O O O O
O O O O O
O O O O O
O O O O O
O O O O O

Survey: Introducing the Empirical Standards Checklist
5. Section 5: Opinions on Ease-of-Use
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*14. Please say how much you agree or disagree with the following statements.

Strongly Disagree Disagree Neutral Agree Strongly Agree
Overall, | find the
Empirical
Standards O O O O O
Checklists easy to
Use:

Survey: Introducing the Empirical Standards Checklist
6. Section 6: Demographic Questions



*15. Please select the research methods that are familiar to you.

] Action research

(] Benchmarking

(] case study

[:] Case survey

[:] Data science

E] Engineering research

(] Experiment (with human participants)
(] Grounded theory

E] Meta-science

(] Multimethodology or mixed methods
(] optimization study (including search-based software engineering)
[:] Qualitative survey (i.e. interviews)

(] Quantitative longitudinal study

() Quantitative simulation

D Questionnaire survey

[:] Repository Mining

[j Systematic literature review

(] None of the above

*16. How many papers have you published?

Oo Os
On O4
O2 O 5+
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*17. Have you ever taken a university course that was dedicated to teach you how to
perform research?

OYes O No

*18. Have you ever used a tool or piece of software to review research papers?

OYes O No

If you answered "Yes", please include the names of any other tools or pieces of software you've
used to review research papers.

Survey: Introducing the Empirical Standards Checklist
7. Section 7: Final Thoughts

*19. Do the checklists cover all the important aspects needed to review research
papers?

OYes O No

If you answered "No", please state why.

20. Do you have any other comments, questions, or concerns about the checklists?

Please click the Done button below if you are done with the survey!

Thank You!



A.4 Microsoft Form for Recruitment of Participants
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Focus Group to Review the Empirical Standards Checklist (2)

lof 4

Focus Group to Review the
Empirical Standards Checklist

You are invited o be a part of a focus group where you will provide feedback on a
checklist, which aims to help Computer Science Master's and Ph.D. students review
Empirical research papers.

The event will take about 3 hours on Friday, July 22 from 1pm to 4pm (PT) & you will
be rewarded with a $60 Canadian Amazon Gift Card !

Please note that we only have a limited capacity for this focus group, so not all of
you may be able to attend. We will confirm by email if you have been selected or
not to join the focus group. Thank you for your understanding!

* Required

Thank you for your interest in joining our focus group!
To complete your registration, please fill out the in-
formation below (your personal information will be

1. What is your First Name? *

2. What is your Last Name? *
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Focus Group to Review the Empirical Standards Checklist (2)

2 of 4

. What is your Email Address? *

. Please state which University you are currently attending. *

. Are you a Master's student or a Ph.D student? *

O Master's Student

() Ph.D. Student

. Have you published any papers? *

O Yes
O No

. If you have published any papers, please write the titles of the

papers below.
If you have not published any papers, please write None. *
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Focus Group to Review the Empirical Standards Checklist (2)

3of 4

8. What types of Empirical Research have you done? *

I I I O O R O A

Action research

Benchmarking

Case study

Case survey

Data science

Engineering research

Experiment (with human participants)
Grounded theory

Meta-science

Multimethodology or mixed methods
Optimization study (including search-based software engineering)
Qualitative survey (i.e. interviews)
Quantitative longitudinal study
Quantitative simulation
Questionnaire survey

Repository Mining

Systematic literature review

An empirical method not listed above

None of the Above

form owner.
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A.5 Research Paper for Study - Qualitative Survey Pa-

per



ABSTRACT

Computational notebooks—such as Jupyter or Colab—combine text
and data analysis code. They have become ubiquitous in the world
of data science and exploratory data analysis. Since these notebooks
present a different programming paradigm than conventional IDE-
driven programming, it is plausible that debugging in computational
notebooks might also be different. More specifically, since creating
notebooks blends domain knowledge, statistical analysis, and pro-
gramming, the ways in which notebook users find and fix errors in
these different forms might be different. In this paper, we present an
exploratory, observational study into how notebook users find and
understand potential errors in notebooks. We presented users with
notebooks pre-populated with common notebook errors—errors
rooted in either the statistical data analysis, knowledge of domain
concepts, or in the programming. We then analyze the strategies
our study participants used to find these errors and determine how
successful each strategy is at identifying errors. Our findings indi-
cate that while the notebook programming environment is different
from the environments used for traditional programming, debug-
ging strategies remain quite similar. It is our hope that the insights
presented in this paper will help both notebook tool designers and
educators make changes to improve how data scientists discover
errors more easily in the notebooks they write.

1 INTRODUCTION

Jupyter Notebooks! are an open-source, browser-based program-
ming environment that allows users to weave together rich text,
code, equations, and visualizations into a single human-readable
document. Jupyter Notebooks and other computational notebooks,
such as Google Colab?, RMarkdown Notebooks?, and Azure Note-
books?, have become immensely popular for anyone who wishes

to perform data analysis or exploration tasks. The Jupyter platform

specifically has grown exponentially since 2015, with over 6 million

Uhttps://jupyter.org/
Zhttps://colab.research.google.com/
3https://rmarkdown.rstudio.com/
“https://notebooks.azure.com/

publicly available Jupyter Notebooks currently residing on GitHub
alone [10].

Despite the popularity of Jupyter Notebooks, its users have mixed
opinions about the process of debugging [5]. Some Jupyter Note-
book users praise the tool’s ability to help them find errors quickly,
but others complain about the poor debugging experience [5]. This
has given us some insight into how users feel about debugging
Jupyter Notebooks, but not much about their actual debugging
processes.

Debugging involves two phases. The first phase involves identi-
fying what and where the error is, and the second phase involves
determining how best to fix the error [? ]. We have many insights
about the process of debugging software systems and programs in
general [2, 9, 19], but we lack similar insights for computational
notebooks. To the best of our knowledge, there is only one study
looking at how computational notebooks are debugged, from Yang
et al. [? ], and it focused on a tool for improving code understanding
with program synthesis, and did not synthesize strategies used in
debugging. Without knowing how computational notebooks are
debugged, it is difficult to support—whether with tools or processes—
the debugging of computational notebooks.

Motivated by the sheer popularity of the Jupyter Notebook plat-
form across many disciplines, we aim to identify strategies adopted
by users of Jupyter Notebooks in the first phase of debugging, i.e.,
strategies for identifying errors in data analysis notebooks. Under-
standing debugging strategies may provide educators and students
with valuable knowledge about how errors are found in computa-
tional notebooks—improving how they teach or learn error-finding
methods. Although our findings are not aimed at any specific com-
munity of Jupyter Notebook users, as the platform is used across
many different domains [4, 14, 18], we hope that our results may
serve as recommendations for users of Jupyter Notebooks who may
not have a strong background in the process of debugging.

Our exploratory study is focused on this research question:

‘What strategies do data scientists use to find statistics,
data, and programming errors in Python Jupyter Notebooks?

We performed an observational study with 14 participants who
were each tasked with finding and understanding errors in one
of four Jupyter Notebooks. We pre-populated errors in the sta-
tistics, data (i.e., domain knowledge), and programming code for
each of the four notebooks. The participants could use any error-
finding method of their choosing and were not time-constrained.
Participants we observed followed seven different strategies. We
characterized the strategies according to the frequency of use and
successfulness (which are not necessarily the same!). Consulting
external resources via a search engine was the most common strat-
egy. However, the most successful strategy was Expectation Confir-
mation, where there was a mismatch between what explanatory
markdown cells claimed and what the code actually did. On aver-
age, our participants found approximately 40% of the errors in the
notebook they analyzed.
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2 BACKGROUND

Jupyter Notebooks have become so popular that they have been
described as the “de-facto standard” for data scientists [11], and
much has been learned about how reproducible they are, the qual-
ity of the code written in them, and the narratives that describe
the analyses within them [12, 13, 16, 17]. These studies agree that
notebook code is frequently low-quality and error-prone. Closely
related to our work is that from Yang et al. [? ]. They report on
a tool to support bug detection in Kaggle notebooks, which they
characterized as ‘data wrangling code’. Like us, they show this style
of development is quite different than pure source code approaches
and prone to errors, yet not well supported by tools. They introduce
WrangleDoc, a program synthesis technique to summarize code in
order to facilitate debugging. We do not examine such summariza-
tion approaches in our study, and our Jupyter instance contains no
plugins.

While the work of Yang et al. highlights the potential problems
with data science code, there is still much we do not understand.
In particular, their study looked at specific tool support using a
documentation approach. We focus instead on the strategies lead-
ing to the discovery of notebook errors, the starting point of the
debugging process.

Challenges of using notebooks. While the literature on notebook
error detection is limited, other research has revealed the challenges
of using notebooks. Chattopadhyay et al. identified the main pain
points of using computational notebooks, including Jupyter [5]. Of
interest to this study is the Manage Code pain point which mentions
that without sufficient software engineering support, debugging,
writing code, managing dependencies, and testing relied on ad-hoc
workarounds. Specifically, they found that writing code in note-
books efficiently requires knowledge of all the function names and
classes, plus the use of a second window to search for online re-
sources such as documentation [5]. They also observed a divide in
how their participants felt about debugging in notebooks. Some par-
ticipants were able to find errors in a notebook quickly, but others
found that debugging was a horrible experience when they had to
rely on print() statements. In addition, they found that testing in
computational notebooks is difficult as there is no standard method
to test a notebook. Some study participants wrote test cases in the
same notebook, while others created a new notebook for testing.

Debugging traditional programs. There is plenty of related re-
search on debugging conventional programs. We mention some
closely related studies here. Murphy et al. presented a qualitative
study of the debugging strategies employed by computer science
students [9]. They observed three distinct categories of strategy:
the good, the bad, and the quirky. The good strategies (or effec-
tive strategies) included gaining domain knowledge, tracing, testing,
understanding the code, using resources, using tools, isolating the
problem, pattern matching, and considering alternatives. They also
identified that many students employed strategies that were less
effective (the bad). These “bad” strategies were the same as the
effective strategies, but employed less effectively.

Hypothesis-driven debugging. Alaboudi and Latoza authored
two papers that relate to our study. The first paper, titled “Using
Hypothesis as a Debugging Aid” [1], describes two studies. In the

Anon.

first study, they observed live stream videos of developers’ pro-
gramming activities. Their second study was a controlled study of
25 participants who were tasked to debug three API misuse prob-
lems. Overall, they observed that developers found it challenging
to formulate a reasonable hypothesis about a potential error. In
the second paper, “An Exploratory Study of Debugging Episodes”,
Alaboudi and Latoza observed 15 live-streamed programming ses-
sions (in C, C#, Javascript) [2]. They found that developers spent
48% of their programming sessions debugging. They also found that
no single activity dominated a debugging session, with developers
spending varied amounts of time on different activities. Addition-
ally, they observed significant differences between long and short
debugging episodes. Short debugging episodes focused on editing
and testing code, while long debugging episodes involved various
activities, such as consulting external resources, and inspecting
program state in addition to testing and editing.

Student approaches to debugging. Like our study, Whalley et
al. examined students’ thoughts about their debugging process (in
non-notebook code). They examined whether reflecting on the de-
bugging process helps students perceive a need for change in their
approach, and if they perceive value in a structured, formal debug-
ging process [19]. Whalley et al. used semi-structured interviews to
answer their research questions. Their analysis uncovered themes
about code comprehension, bug location, information gathering
strategies, challenges locating bugs, emotions felt during the de-
bugging process, and the value students give to a formal debugging
process. When students were asked to reflect on their debugging
process, their comments referred to both high- and low-level activ-
ities. High-level activities included activities such as reading code,
search space reduction, and hypothesis forming. Most of the reflec-
tions shared about debugging were about low-level activities, such
as where to place print statements, code tracing, and examining
function parameters and return values. Many students perceived
debugging as inefficient, likely due to the lack of a formal process
to follow. One-third of the participants described their debugging
process as flawed, and they universally described their hypothesis
forming method as imprecise, opting to guess and check instead.

Data science debugging. Debugging traditional programs is well
studied and the works discussed above are a very small subset of
the work available on debugging. In contrast to the debugging of
traditional programs, data science work can be quite different [? ].
For example, it is a common part of the workflow for scientists to re-
run analyses (e.g., as part of exploratory data analysis). This might
happen when, for example, removing outliers, or experimenting
with different hyper-parameters. Thus, research has looked at sup-
porting such experimental workflows in order to manage versions
of notebooks [7? ], and support cleanup and refactoring [6]. Related
to that is work that uses tools to debug data flows in large (non-
notebook) data analytics pipelines [? ], or support transparency
in statistical reporting with multiverse analysis [? ]. None of this
work focused on how errors were detected, however.

In support of the types of error present in data analyses is the
work of Brown et al. [3].
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3 MATERIALS AND METHODS

To answer our research question, we observed the behaviour of
14 participants as they browsed and debugged existing Jupyter
Notebooks that contained errors. The observations took place over
Zoom, and participants shared their screens. We recorded video
and audio of the meetings for a later qualitative analysis of the
strategies our participants used. The study was conducted from
November 2020 to January 2021.

3.1 Participants

Table 1 summarizes the participant demographics. A majority (8)
of the participants were from the domain of computer science
or computer science combined with either music, biochemistry,
or life sciences. The other (5) participants were each students in
one of chemistry, physics, civil engineering, software engineering,
and electrical/computer engineering. The remaining participant
was a professional who worked in the education domain. Nine
participants had used computational notebooks for less than one
year, and the remaining five used them for between one and three
years. All participants stated that Jupyter Notebooks was their
computational notebook of choice, with two also using Google
Colab.

Our participants were recruited by contacting the instructors of
three 400/500-level courses with data science themes, by posting
on various online communities, and through personal contacts.
Participation in our study was voluntary. However, we encouraged
participation by providing a $25 Amazon gift card to the first 12
respondents. Our study was approved by our institutional review
board.

3.2 Study Materials

The notebooks used for this study were provided to us by a profes-
sional educator at RStudio and were initially written in RMarkdown.
We translated the notebooks to Python, and the translations were
verified by a third party, experienced in Python, and an associate
professor of statistics and data science. Additionally, the first author
of this paper verified that the Python translations returned the same
data, visualizations, and values.

We created two notebooks, each covering a different topic (NBA
Player of the Week and the 2011 Spain Election). Each notebook had
three versions: A, B, and C. Notebook versions A and B contained
errors, while version C did not. Table 2 lists the number of errors
per notebook. These notebooks are available in our supplementary
material [? ].

Our notebooks contained the following three types of errors:
data, statistical, and programming. These three different types
of errors align with the different categories of errors defined by
Brown et al. [3]. We describe the three categories in the following
and provide examples of the different types of errors using the NBA
Player of the Week notebook(s).

Data errors occur when the notebook did not fully explore the
dataset, or the format of the data was misunderstood.

Listing 1 shows an example of a data error: the Height column
is of type string and is assumed to either contain the centimeter
unit or a string value representing a measurement. Similarly, it is
assumed that the measurements in the Weight column are all in

1 nba = nba.assign(

2 Height = pd.to_numeric(nbal'Height'],
— .str.replace('cm',"'"),
— .str.replace('-[0-9]x','")),

3 Weight = pd.to_numeric(nbal 'Weight'],

< .str.replace('kg','")))

Listing 1: A data error: assumes all data is in cm/kg.

1 my_test = ttest_ind(

2 x1 = nba[(nba['Position'] ==
— 'PG')J['Height'],

3 x2 = nbal(nba['Position'] ==
— 'SG')I['Height'],

4 alternative = 'smaller')

Listing 2: A statistical error: using a 1-sided t-test.

1 nba.groupby('Player').agg(

2 Height=('Height', 'median'),
3 Weight=('Weight', 'median'),
4 Position=('Position', 'first'))

Listing 3: A programming error: using the original, not the
filtered data-frame.

kilograms, with some measurements containing the kilogram units.
In fact, the Height column has units of either centimeters, such as
203cm, or feet-inches, such as 6-11. The Weight column has mea-
surements which are in kilograms and contain the kilogram units, or
measurements in pounds that contain no units. The above code cell
removes the centimeter unit by calling str.replace('cm’,"").
The inches measurement is also removed by calling str.replace
('-[0-9]x","'"). The same is done with the Weight column, re-
moving the kilogram units via str.replace('kg',"'"). Thus, the
column is incorrectly cleaned as the above code cell performs no
unit conversions. This leaves the Height and Weight columns in
mismatched units without any unit identifier.

Statistical errors occur either when an incorrectly chosen sta-
tistical test or visualization is used, or when a correctly chosen test
or visualization is wrongly interpreted by the user.

In Listing 2, the goal is to determine if a statistical difference
between the average height of point guards and shooting guards
exists using a t-test. The error is that the alternative parameter is
set to smaller, indicating a one-sided t-test. This parameter should
be set to ‘two-sided’ as the goal was to determine whether or not a
statistical difference exists, rather than which average was smaller.

Lastly, programming errors occur when a code cell does not
achieve the goal stated in the preceding markdown cell. The goal
of Listing 3 is to filter the nba data-
frame so that it only contains unique players. While this code cell
does output a set of unique players, a copy is returned, which is
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Table 1: Participant Demographics

Participant Role Domain Notebook Experience (yrs)
P1 Master’s Electrical & Computer Engineering <1
P2 Master’s Chemistry 1-3
P3 Undergraduate Computer Science & Biochemistry <1
P4 Undergraduate Computer Science & Life Sciences 1-3
P5 Master’s Computer Science <1
P6 Undergraduate Physics 1-3
P7 Master’s Civil Engineering <1
P8 Undergraduate Software Engineering <1
P9 Undergraduate Computer Science 1-3
P10 Educational Specialist Education <1
P11 Undergraduate Computer Science & Music <1
P12 Undergraduate Computer Science & Music <1
P13 Doctoral Computer Science 1-3
P14 Undergraduate Computer Science & Music <1

not saved to the nba dataframe. Through the remainder of this
notebook, the original nba dataframe is used, and thus the code has
an error and does not achieve its goal.

3.3 Study Task

Each participant was tasked with finding potential errors in either
version A or B of the notebook given to them. Version C was shown
to them after their analysis if they wanted to see an error-free
version. We aimed to balance the number of participants analyzing
each notebook (see Table 2). This task was open-ended in that the
participants were allowed to use any method they liked to find
potential errors. The only specific instructions given were for them
to think aloud whenever possible and to notify the researcher when
they thought they had found an error.

Table 2: Number of Participants and Errors per Notebook

Notebook Participants  Errors
nba_analysis_A 4 6
nba_analysis B 3 4
elections_analysis_A 4 10
election_analysis B 3 10

3.4 Study Design

We performed two rounds of pilots (with members of our research
group) to improve the study task and to confirm our study would
provide sufficient observations on error finding strategies. The
feedback from the pilots helped us improve the study materials. Our
supplementary materials contain the task description, interview
questions, and Jupyter Notebooks [? ].

At the start of each study session, we described the task and
emphasized that our aim was not to test their skills. Participants
were then presented with a Jupyter Notebook, and they were told
that any of the notebook components might contain errors that
they should try to identify. We mentioned they may wish to modify

the notebook, search the documentation, or use the internet for
help.

Each study session consisted of two phases: an observational
phase and an interview phase. During the observational phase, the
participants analyzed the notebook for errors while one researcher
observed their behaviours and took notes. Once the participant was
satisfied with their analysis of the notebook, we held the interview
phase of the study.

The interview began with unstructured questions, using notes
from our observations to guide our follow-up questions. Asking
these questions immediately after the participant had performed
their task was important as their strategies were still fresh in their
mind. These unstructured questions were asked to gain insights into
a specific approach and why it was used. Following the unstructured
part of the interview, additional questions were asked about the
participant’s domain of study, how long they had been using Jupyter
Notebooks, and the computational notebook they used most often.
The complete list of these additional questions is available in our
supplemental package (as mentioned above).

3.5 Data Collection and Analysis

The Zoom video recordings of the studies were uploaded, and we
analyzed the recordings directly using ATLAS.ti 8°. We used an
open coding process to code all activities performed by our partici-
pants. The first author of this paper performed the initial coding.
After the initial coding cycle, discussion sessions were held with the
second and fourth authors, where the codes were further analyzed
and compared with the findings from previous participants, and
refined in an iterative manner.

Throughout our discussion sessions, we identified emergent
higher-level groups for the codes and merged some codes where
necessary, shown in the list below:

e Action: An action that a participant performed.
e Docs: A specific documentation website that a participant
visited.

Shttps://atlasti.com/product/what-is-atlas-ti/.
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e Online Resource: An online resource other than docu-
mentation that a participant visited.

e Reasoning: A reason for performing an action or a reason
for why something was an error.

o Participant Attribute: An attribute that describes a par-
ticipant.

Throughout our discussion sessions, we noticed many actions
were performed together. We called these connected sets of actions
strategies. The first author analyzed the raw data again to identify
and code strategies from each group of actions.

Once strategies had been identified, the videos were analyzed
again in order to determine the success rate of each strategy. When-
ever a participant was analyzing an erroneous cell, their chosen
strategy was entered into a spreadsheet, along with the type of
error they were working on, and if that strategy was successful or
not.

4 FINDINGS

Our research question asked what strategies data scientists use to
find statistics, data/domain, and programming errors. From our
analysis, we identify: (a) a set of actions and (b) strategies that our
participants employ to find errors in Python Jupyter notebooks.
Additionally, we present (c) the relationship between strategies and
error-finding success. Tables 3 and 5 show the entire list of actions
and strategies identified in our exploratory observational study.
Finally, in Table 6, we present how strategies are related to the
different error types.

We describe each action, strategy, and their respective relation-
ship with an error type in the following.

4.1 Actions Taken

Our participants performed various actions while analyzing the
notebooks to find errors. In this context, an action is an (atomic)
activity such as reading a markdown/code cell or examining a CSV
file. Table 3 lists the number of participants who performed each
action and the average amount of time all participants spent per
action. There were some actions that participants always used,
such as reading code and markdown cells, writing or editing code,
and using the search engine. Other actions often used were look-
ing at the documentation, checking code output, and inspecting
dataframes. Finally, a few actions were only occasionally used, such
as inspecting a CSV file or adding a comment. We describe these
actions in more detail below.

A1: Reading a code cell. This action refers to when participants
(P1-P14) read through a code cell to understand what it was doing.

A2: Reading markdown cells. This action refers to when a par-
ticipant (P1-P14) read through a markdown cell to gain context into
what the preceding code cell tried to accomplish.

When analyzing a notebook to find errors, participants per-
formed actions Al and A2 successively. In this scenario, P8 em-
phasizes [l read] the documentation first then [I read] the code’.
Additionally, P12 highlighted the value of reading the markdown
aloud to better understand what was going on.

A3: Writing/Editing code. This action occurred when partici-
pants (P1-P14) wrote new code in a code cell (either one they added

or one present in the notebook) or edited a code cell that was ini-
tially in the notebook. We observed that participants edited code for
several different reasons. For example, P14 stated that they edited
code cells to make them more readable. Other participants, such
as P10, edit the parameters of functions to view more of the data
returned by that function; for example, P10 edited calls to Pandas
Series.nlargest() function. Some participants also wrote new
code into the notebooks, which served various purposes. For in-
stance, P13 wrote code during their analysis of the nba_analysis_A
notebook to verify if two sets of rows in the nba dataframe were
the same. Both P6 and P11 wrote code to perform type checking
through the use of Python’s type () method.

A4: Using a search engine. All participants used a search engine
to access some online resource or documentation page. Typically
participants transitioned from the notebook to the search engine
and then to either an online resource or a documentation page.
Depending on whether or not the initial search result was helpful,
they would return to the notebook or select another result from the
search engine. The Search Engine action is highly associated with
both A5: Looking at documentation and A8: Looking at an
online resource. We define online resources as any website other
than a documentation page. Table 4 shows the most commonly
accessed documentation websites and online resources.

A6: Checking code output. Commonly, participants (P1-P12, P14)
inspected the output of a code cell visually, either one initially present
in the notebook or one which the participant added.

A7: Inspecting dataframe. We observed that participants (P1-
P4, P6-P12, P14) used the Dataframe.head() method to visually
inspect the dataframe, either to gain a preliminary understanding of
the data or to check if anything seemed out of place.

A9: Inspecting a graph. Participants (P3, P5-P14) performed this
action to visually inspect any graph present in the notebook.

A10: Inspecting CSV File. In a similar situation to A7, participants
(P5,P6, P9, P10, P13) inspected the data in its raw state. For instance,
P13 pointed out that when using Jupyter Notebooks, they do not use
the CSV viewer native to Jupyter; instead, they use an alternative
application. Likewise, P9 indicated they use Notepad++ to view
their CSV files. Finally, P10 highlights that they inspected the CSV
file when they were unsure how to perform a task programmatically.
In this matter, P10 states “I'm just learning Python, so I can’t...list
these things, I actually refer to the CSV quite a bit”.

A11: Reading an error message. This action occurred when
participants (P1, P3, P5, P8-P11) changed the notebook as initially,
the notebooks did not return any error messages. In this scenario,
P10 points out that when they see an error message, they “don’t
have a clue’.

A12: Adding a comment. This action occurred when participants
(P5, P11, P14) added a comment to a code cell either in the form of a
note or to comment out code.

While these actions capture the more atomic tasks our partici-
pants performed, we also observed that several actions were used
together to form strategies that helped participants find or un-
derstand the cause of errors. In the remainder of this section, we
describe these strategies in more detail.
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Table 3: Actions Taken in Error Identification.

Action ActionID  # Participants  Average Time Spent (mm:ss)
Reading code cell Al 14 06:46
Reading markdown A2 14 05:51
Writing/Editing code A3 14 03:21
Using a search engine A4 14 01:55
Looking at documentation A5 13 03:00
Checks code output A6 13 02:24
Inspecting DataFrame A7 12 04:07
Looking at an online resource A8 12 03:06
Inspecting graph A9 11 01:53
Inspecting CSV file A10 02:40
Reading an error message All 3 01:51
Adding a comment A12 2 08:42

Table 4: Number of Visits. 1 indicates a Documentation page.
The remainder are Online Resources. Fourteen other Online
Resources were each visited between one to three times.

Resource Number of Visits
Pandas 1 58
Plotnine f 28
Statsmodels T 21
stackoverflow.com 14
geeksforgeeks.org 6
investopedia.com 6
Numpy ¥ 4
Scipy.stats T 4
tutorialspoint.com 4
w3schools.com 4

4.2 Error Finding Strategies

Participants performed many of the preceding actions together to
serve a particular purpose. We call a collection of related actions
a strategy. We describe the strategies we found in detail. Table 5
gives a brief description along with the number of participants who
used this strategy.

Search Engine Driven Approach. The most common strategy
we observed was the search engine-driven approach, which every
participant used. All participants made several transitions from
the notebook to the search engine, then to an external resource,
until they found a helpful online resource or documentation page.
Participants outlined three different reasons for using the search
engine and external resources: First, using the search engine as
a first step to gather a solution from an online reference. For in-
stance, P12 highlights that they use Google quite often when using
a Jupyter Notebook, and without it, they would not know what
to do. Not knowing what to do without the search engine hints at
being dependent on it; it is unknown whether this is caused by a
lack of general programming knowledge or knowledge of a specific
AP], such as Pandas.

Second, the search engine was also used as a confirmatory aid;
this happened when participants had prior knowledge. However,
they seek supplementary expertise to confirm or refresh their intu-
ition. For instance, P7 stated they often remember general concepts
but use the search engine to gather information about what some
specific terms mean to interpret them correctly, such as when P7
gathered information about interpreting the results of an ordinary
least squares (OLS) regression.

Finally, participants may use the search engine to gather code
snippets as potential solutions. P8 emphasized that their particular
use of the search engine was to find code snippets that help them
fix the errors they have identified.

Assume and (Sometimes) Check. Participants would only cur-
sorily inspect a code cell, see what the code is doing, and return
to it only when they identified a potential problem in their the-
ory of the notebook’s execution. They then made an assumption
about where in the preceding cells that problem happened. They
then examined that code in more detail than they did on their first
pass over it. However, participants “sometimes” left some assump-
tions unchecked. This may be due to the contrived nature of the
study (fixing the bug was not part of the task). When participants
did check assumptions, they wrote new code in the notebook or
examined the dataframe/CSV file.

Consider the error and thought processes of P8 while they use
the assume and (sometimes) check strategy to determine the error
described in Listing 1 (code cell 3 of the notebook NBA_Analysis_A
). P8 began analyzing the notebook using a once-over (see the next
strategy) and notices in a later code cell that the given mean of
the height column is roughly 12. They then remark that a “mean
height of 12 doesn’t seem to make a lot of sense” (since height in
cm should be (broadly) greater than 100cm and less than 225cm).
They then transitioned to read code cell 3 (Listing 1 line 2), which
cleaned and adjusted the height column. Rereading the code cell led
them to assume something must have gone wrong in that notebook
cell. They then inspected the original dataframe and made another
assumption: “Here the measurements are presumably in feet-inches
and over here we have them in cm”. This second assumption is an ex-
ample of assuming the purpose of a series of method calls. A closer
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Table 5: Strategy Descriptions

Strategy Description # Participants  Associated Actions

Search Engine Driven Approach Using the search engine and external resources to gather useful 14 A4, A5, A8
information.

Assume and (Sometimes) Check Making an assumption related to the notebook or to an API call 14 A3, A7, A12
and sometimes checking it.

Expectation Confirmation The participant’s expectation, set up by an explanatory mark- 7 Al, A2
down cell, of what a code cell does cannot be confirmed upon
seeing its output.

Once-Over Briefly browsing through the notebook in order to gain a pre- 4 Al, A2, A6
liminary understanding of what it contains.

Re-implement to Check Re-implementing a code cell using a different syntax in order 3 A3, A6
to check its validity.

Key Information Extracting need-to-know information from a markdown cell 1 A2, A10
and placing it in a comment inside the related code cell.

Start With What You Know Starting at a point in the notebook which is most familiar. 1 Al, A2

inspection of code cell 3 allows them to identify the error as re-
placing inches with the empty string and not accurately converting
feet-inches to cm.

Expectation Confirmation. Seven participants (P1, P3, P5, P7,
P10, P11, P13) indicated a discrepancy between explanatory text in
a markdown cell and the subsequent code cell helped them identify
an error. P7 described the explanatory markdown as a “guidance
for what I should be looking for”, and that when a difference occurs
between the markdown and the code cell, they know something is
incorrect. Additionally, P5 used an analogy to describe the discrep-
ancy between the markdown and code, stating, “It’s basically like
‘Hey, we did this’ and then [I] look at the code and it’s like ‘No, you
didn’t.” Finally, P11 emphasized, “what I was expecting is that we
want a percentage and this is obviously not a percentage”, outlining
how the markdown sets their expectations. When the code does
not fulfill these expectations, they know something is wrong.

Once-Over. Four participants (P2, P6, P8, P14) used this strategy,
which involves looking through the notebook to gain a preliminary
understanding. This strategy consists of reading markdown and
code cells, running code cells and briefly checking their output, and
generally inspecting the notebooks’ initial state. A once-over gives
a basic understanding of what the notebook is doing without too
much detail. All four of the participants, when using the once-over
strategy, employed different language to describe it. For example,
P2 stated they were getting “a lay of the land”.

Re-implement to Check. The re-implement to check strategy was
used by three participants (P1, P6, P11) and implies rewriting a
code cell using a different syntax and then comparing the results
of both to see if there are any differences. For example, P1 wrongly
believed that Listing 4 was incorrect due to the . agg() syntax.

They went on to add a new cell and rewrite the code (Listing 5),
only to find that they produced the same result.

P6 stated that they would have shown a correlation by plot-
ting rather than using an OLS regression. However, they did not

1 nbal(nbal'Position'] == 'PG') |
< (nbal['Position'] ==
— 'SG')].groupby('Position')
— .agg(Height=('Height', 'mean'))

Listing 4: Code snippet P1 wrongly thought was incorrect.

1 nbal[(nbal['Position'] == 'PG') |
— (nba['Position'] ==
— 'SG')J].groupby('Position")
— .agg('Height"').mean()

Listing 5: P1’s re-implementation of Listing 4.

re-implement this code cell as they were unfamiliar with the plot-
nine package used to generate the plots. While not precisely re-
implementation, P11 would write pseudocode before looking at a
code cell and after reading its markdown explanation. They would
then compare this pseudocode to the actual code, and if they were
similar, P11 believed this code cell was correct and moved on to a
new cell. Additionally, participants could combine this pseudocode
strategy with an actual re-implementation to further validate a
given code snippet.

Key Information. The Key Information strategy was used four
times by P5 and describes extracting only the information you need
from the markdown description of a code cell; P5 then placed this
information inside the code cell as a comment. Extraction of the
key information allowed P5 to get the information closer to the
code, and reduced the number of times they re-read a markdown
cell to remind themselves of what a code cell is doing. In addi-
tion, they highlighted how extracting the key information allowed
for easier comparison of the code and markdown, and eliminated
any extraneous information they did not need to know. Using the
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Table 6: Relating Strategies (from Table 5) and Error Type. A dash (-) indicates no use. The once-over strategy was not used for
any of the error types. There are a maximum of 21 programming errors, 12 statistical errors, and 7 data errors.

Strategy Error Type Times Used Errors Found Percentage
Programming 26 11 52.4%
Search Engine Driven Approach Statistical 16 7 53.9%
Data 10 2 28.6%
Programming 13 7 33.3%
Assume and Check Statistical 8 4 30.8%
Data 5 4 57.1%
Programming 20 17 81.0%
Expectation Confirmation Statistical 3 0 0%
Data 7 7 100%
Programming 1 0 0%
Re-implement to Check Statistical - - -
Data 1 0 0%
Programming 1 0 0%
Start With What You Know Statistical - - -%
Data 1 0 0%
Programming 3 2 9.52%
Key Information Statistical 2 1 7.69%
Data - - -%

Key Information strategy allowed P5 to more easily employ the
Expectation Confirmation strategy.

Start With What You Know. P5 employed another strategy named
Start With What You Know, which involved analyzing parts of the
notebook they were familiar with first. They mentioned that doing
so made them “feel more confident”, and that starting with the
topics they are more familiar with gave them a better chance to find
errors. This confidence then allowed them to find errors in the other
sections of the notebook as they were better able to understand the
nature of the errors.

We now describe how the strategies outlined in Section 4.2 were
used to find the various types of errors present in each notebook.
As our study is exploratory, we do not make any claim that these
are the best strategies for finding a particular type of error (such a
claim would require future work). Recall that our study included
the analysis of three types of errors: programming errors, statistical
errors, and data/context errors (see Section 3.2). The error types
are not mutually exclusive, and a given error can belong to more
than one error type. Table 6 outlines the number of times our par-
ticipants used each strategy per error type, the number of errors
found per strategy, and the percentage of total errors found by each
strategy. We report on all seven strategies. The most successful
strategies are Expectation Confirmation and Search Engine-
Driven Approach. The Expectation Confirmation strategy suc-
cess is influenced by the markdown present in our notebooks. The
markdown description sets up expectations for our participants.
When the participants read the code following the descriptive text,
they contrast their expectations of what the code is supposed to do
with what the code actually does. We note that in practice, Pimentel
et al. found that notebooks contain very little markdown [12].

Additionally, we note that the efficacy of the Search Engine-
Driven Approach is associated with the popularity of using online
resources to guide users of Jupyter Notebooks [8], as pointed out
by participants P7, P8, and P12. Koenzen et al. similarly determined
that code reuse in Jupyter Notebooks most commonly came from
searches on the web, most often from websites that provided a
tutorial, followed by API documentation [8].

5 DISCUSSION

This section discusses the implications of our work to Jupyter note-
book users, notebook tool designers, and educators. We also pro-
vide insights about differences in debugging notebooks and non-
notebook code and the threats to the validity of our work.

5.1 Implications

The error-finding strategies we have identified point to the need for
more tool support when developing Jupyter Notebooks, or rather
more awareness about the support offered by the tool. This need
for more tool support is suggested by other studies as well [5? ].
For example, all of our participants chose to use a search engine
to access external resources, with thirteen using the search engine
to read API documentation and online resources. The use of the
search engine, however, required context switching to a different
browser tab. Note, if our participants used Jupyter Lab, switching
to a different browser tab would not have been needed, as one can
access Python’s docstring class from within Jupyter Lab by using
the Shift + Tab shortcut. Similarly, one can also use the Tab shortcut
to open the auto-complete functionality of Jupyter Lab.

The release of Jupyter Lab 3.0 introduced a visual debugger
that can be used to step through code, or to check the value of a
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variable [15]. Other tool support, such as linting, does not come
packaged with the latest version of Jupyter Lab but is still avail-
able through extensions such as flake8 © or the program synthesis
approach from Yang et al. [? ].

Knowledge of the support available within Jupyter Lab or through
extensions could be leveraged by educators using computational
notebooks as part of their curriculum. For instance, if an educa-
tor were to make these features of Jupyter Lab apparent to their
students, it may help them focus on the task at hand rather than
spending time finding the correct version of a documentation page.
Additionally, knowing about the strategies their students may use,
possibly the ones identified in this paper, may allow them to better
guide their students through the process of debugging a computa-
tional notebook. Furthermore, notebook tool designers could use
design tools similar to Seahawk [? ] which could integrate online
resources like StackOverflow directly into the notebook environ-
ment.

5.2 Comparing Debugging Notebooks and
Debugging Non-Notebook Code

The development of non-notebook code differs from the develop-
ment of computational notebooks. The type of problem managed
in a notebook involves more data wrangling, experimentation, and
analysis code. Our study separated these into potential problems
with statistics, programming, and data / domain knowledge. The
notebook environment also has a literate programming component
that goes beyond code comments, with markdown cells that can be
used to describe the purpose of the code.

Furthermore, non-notebook IDEs have robust tool support for
debugging, for example, setting breakpoints in Intelli]. However,
in the traditional computational notebook interface (say Jupyter
Notebook), debugging is not specifically supported by the tool. Data
science tools are actively working to fix this, for example Jupyter
Lab’s debugger [15] and RStudio’s debugging interface. IDEs are
also now able to integrate notebook code into the IDE directly, such
as with Visual Studio Code.

Given these differences, we ask whether error identification
approaches are also different. This study identified several strategies
participants used to identify errors in Jupyter Notebooks. Other
researchers have identified strategies for debugging non-notebook
code. Table 7 outlines strategies identified by Murphy et al. and
Whalley et al., that are similar to those we have identified [9, 19].

The Search Engine-Driven Approach strategy is closely re-
lated to the Using Resources strategy identified by Murphy et
al. in [9]. Both strategies involve the use of documentation and
tutorials. The difference between these two strategies is that we
observed our participants using the search engine as their gateway
to many resources. Murphy et al. make no mention of the search
engine.

Both the Information Gathering and Bug Location strategies
identified by Whalley et al. mention the use of speculation and
guessing about the locations and causes of bugs. Alaboudi and
LaToza also report on using hypotheses as a debugging aid [1]. Our
Assume and (Sometimes) Check strategy is similar, based on
making an assumption and optionally checking the assumption.

Shttps://github.com/mlshapiro/jupyterlab-flakes

Table 7: Strategies Similar to Those We Identified

Strategies We Identified Similar Strategies

Search Engine Driven Approach
Assume and (Sometimes) Check

Using Resources [9]
Information Gathering [19],
Bug Location [19]

Expectation Confirmation Pattern Matching [9]

Once-over Gain Domain Knowledge
[9], Understanding the Code
[9], Static Code Comprehen-
sion [19]

Re-implement to Check N/A

Key Information Understanding Code [9],
Static Code Comprehension
[19]

Start With What You Know N/A

In their description of the Pattern Matching strategy, Murphy
et al. state that their participants found bugs due to things not
“looking right”. In our notebook study, this was made more explicit
than the heuristics Murphy et al. describe. Our participants were
able to identify errors when a code cell seemed like it was not correct
based on a description given in a markdown cell (the Expectation
Confirmation strategy). The breakdown of an expectation could be
thought of as pattern matching as our participants were attempting
to match the pattern of what they were told the code was trying to
accomplish to what they could observe the code doing. However,
the presence of explicit documentation makes this strategy quite
successful (at least for our example notebooks).

The Once-over and Key Information strategies identified by
us are both similar to the Understanding Code and Static Code
Comprehension strategies identified by Murphy et al. and Whal-
ley et al. respectively. In addition, the Once-over strategy is similar
to the Gain Domain Knowledge strategy identified by Murphy et
al. Both of our strategies were used in order to gain understanding
about the contents of the notebook, and involve comprehending
both the code and the markdown, much like the Understanding
Code and Static Code Comprehension strategies are about com-
prehending code. The Once-over strategy was used to gain domain
knowledge in the sense that the four participants who used this
strategy did so to gain a brief understanding of the domain the
notebook covered.

We found no similar strategies to the Re-implement to Check
strategy (modifying the code to verify the output) or the Start
With What You Know strategy we observed. One advantage
of notebooks is that code cells are capable of independent output,
closer to a REPL session than debugging a complete source file. This
makes these strategies more viable as the code is more granular
and independent.

We found that debugging non-notebook code differs from de-
bugging computational notebooks in a few ways. One, the type of
development is different: there are more data science related tasks
such as data wrangling. Two, the development tools themselves
are at different levels of maturity when it comes to debugging sup-
port. Three, while five out of seven of the strategies we observed

94

987
988

989

991

992

993

994

995

996

997

998

999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043

1044



1075

1077

078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101

1102

are related to non-notebook code debugging strategies identified
in the literature, we found that two strategies were not found in
non-notebook code studies. We also saw differences in how Expec-
tation Confirmation and Assume and (Sometimes) Check are
conducted in practice, given the way a notebook isolates individual
code cells.

5.3 Threats to Validity

In the following, we address the validity of this study in the context
of qualitative research [? ? ].

Internal validity We did not impose time-constraints on our partic-
ipants, and they were assured our study was not a test of their skill.
However, given the nature of the task, it is possible our participants
felt pressure to perform well. Due to this pressure, participants may
have overlooked errors in the Jupyter Notebooks. However, during
the interviews we conducted immediately after the tasks, we did
not detect that our participants felt any undue stress due to the
study.

Construct validity Our study prompt and task description may
have influenced participants to perform actions which were not part
of their typical error identification process in Jupyter Notebooks.
For instance, modifying the notebook, searching documentation,
and using the internet for help may not have been naturalistic
behaviours. To mitigate this threat, we adopted multiple strategies,
such as two rounds of pilots, to ensure the comprehensibility and
raise the realism of the tasks. In addition, task descriptions and
scripts were reviewed and validated by a domain expert and the
task was confirmed to be within the recruited participants’ skill
level.

External validity The primary threat to external validity is how we
recruited and selected participants. We used convenience sampling
methods to recruit participants from upper-level undergraduate
and graduate level courses at the university. Therefore, most of
our participants were students who used Jupyter Notebooks for
school assignments and not professionally. However, we designed
the tasks according to our participants’ skill levels and the context
of tasks is fairly approachable (elections and sports) by any partici-
pant independently of their academic background. Our participants
did not express unfamiliarity with the domain. However, some par-
ticipants expressed unfamiliarity with specific packages imported
into the notebook, namely Pandas and Plotnine.

Reliability The open coding process was performed by one re-
searcher, the first author of this p aper. To reduce p otential re-
searcher bias and subjectivity, we conducted several discussion
sessions to iteratively build a codebook. We confirmed with the
feedback of an expert reviewer, the fourth author of this paper, to
raise the reliability and maturity of our findings.

6 CONCLUSION

We conducted an observational study with fourteen participants,
mostly university students from varying technical backgrounds,
and observed the strategies these Jupyter Notebook users employed
to identify errors that were seeded in two sample notebooks. Our
participants performed a variety of actions while studying the note-
books and looking for errors. When several participants performed

Anon.

a set of these actions in succession, or one participant performed
a this set of actions multiple times, we identified the sequence of
actions as a particular debugging strategy.

The most commonly used strategy we observed was using the
search engine to find external help such as API documentation or
websites that gave a tutorial. However, the most successful strategy
was Expectation Confirmation, when they discovered a mismatch
between the description and the code itself. We identified some
implications for practice, including the need for better debugging
support in notebooks, and showed that while there are similari-
ties with non-notebook code, debugging in notebooks leverages
notebook-only properties such as code cell independence and hid-
den state. We hope our study design and insights will help both
notebook tool designers and educators make changes to improve
how data scientists discover errors more easily in the notebooks
they write.
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ABSTRACT

Stack Overflow is a rich source of questions and answers—discussions—
about software development. One topic of discussion is software
design, such as the correct use of design patterns, or best practices
in data access. Since design is a more abstract topic in software en-
gineering, researchers have long sought to characterize and model
design knowledge. However, these approaches typically require
significant expert input in order to contextualize the abstract design
information. In this study, we explore how combining expert input
with Stack Overflow might serve as an effective way to identify de-
sign topics. We first perform a qualitative analysis of design-tagged
Stack Overflow questions and answers to identify the design con-
cepts developers discuss. We report on areas where agreement was
a challenge, including abstraction levels. Since inductive coding is
expensive, we apply a semi-supervised (Anchored CorEx) approach.
We find it performs as well as LDA but offers superior interpretabil-
ity and the ability to guide the topic model. We leverage CorEx
to characterize how design is discussed in Stack Overflow and on
GitHub. We conclude by describing how our experience using the
semi-supervised CorEx approach leads us to believe that approaches
like CorEx that combine domain knowledge and scalability are key
for analyzing large SE text repositories.

1 INTRODUCTION

Concerns about software design remain difficult to understand.
This is because design is one of the least concrete elements in a
software lifecycle, at least compared to testing, implementation,
and deployment [6]. Software design is usually done heuristically,
by pulling from the current project context (e.g., the architecturally
significant requirements), the design team’s knowledge, and an
ever-changing set of patterns and styles from the literature. How
this process works, what makes one design good and another bad,
and how to support developers in design tasks is subjective and
frequently changes as new technologies emerge. In order to ex-
amine how developers discuss design topics, we embarked on an
exploratory study using Stack Overflow! (SO).

We begin by assessing the best way to extract and character-
ize design-related knowledge in Stack Overflow. We first create
a dataset of design-related posts. We then compare and contrast
three methods of classifying Stack Overflow posts: (1) qualitative,
manual, inductive coding; (2) using existing Stack Overflow user
tags; and (3) unsupervised and (4) semi-supervised topic modeling.
Each of these four approaches can potentially classify Stack Over-
flow posts into design related topics. We explore the differences in
design topics each method identifies. We show how using a semi-
supervised approach can bring the best of both highly scalable LDA
approaches and the domain knowledge of inductive coding.

We then report on what design topics are being discussed
on Stack Overflow. We propose some ways in which knowing
these topics can be used in a practical way. One is to use these
topics to identify what (design-related) questions are being linked
in developer source code on GitHub. If developers are already using
the Stack Overflow links in repositories for documentation, then
this implies tools and processes could be enhanced to make this
process even more effective.

The biggest challenge to characterizing latent topics on Stack
Overflow is that software design discussions, decisions, and knowl-
edge encompass a broad scope of topics, including sub-areas such
as architecture choices, design patterns, and data access, to name a
few. Design knowledge can be specific to a particular API or lan-
guage (e.g., JavaScript’s Promises framework), or generic for many

Thttps://stackoverflow.com/
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possible implementations (such as Publish-Subscribe). Recovering
design knowledge involves finding design information which is
often scattered and poorly organized in software projects [10].

However, the emergence of Stack Overflow as a knowledge repos-
itory for many software-related topics, such as energy management
[28], suggests that software design knowledge also occurs there. In-
deed, Soliman et al. [34] show that this is true for the specific case of
architecture knowledge for middleware. We expand on their study
for the more general case of software design knowledge and de-
rive various software design-related areas that the developers find
challenging. For this, we extend the Stack Overflow design-related
dataset, created by a previous study [25], using a Tag Filtering ap-
proach. Using the question tags from SO allows us to leverage a
low-cost annotation directly created by the developers themselves
[36]. We conduct an exploratory study with the following research
objectives:

RQ1: What are effective techniques for classifying design
related posts on Stack Overflow? We categorize design-related
posts using four approaches. For RQ1.1 we examine posts using
a manual inductive coding approach. We explore how accurate
this approach is, and find that it can be very challenging to get
agreement. In RQ1.2 we use an unsupervised approach, LDA topic
modelling [9] and an anchored, semi-supervised approach called
Anchored CorEx [15, 31, 38]. We compare these two approaches
in their precision and recall, and contrast them with the inductive
labels we created earlier, and user tags from Stack Overflow.

RQ2: How can we leverage knowledge of design topics
discussed on Stack Overflow? While there are many applications
of the semi-supervised CorEx approach, we look at two practical
implications of the results of RQ1: we apply the semi-supervised
design classification approach arrived at in RQ1 on the entire Stack
Overflow dataset. We discuss the topic frequency and co-occurrence.
Since developers can refer to Stack Overflow in software artifacts
such as code comments, we investigate to what extent such links
are to design discussions as identified above, and characterize the
type of discussions referred to.

We conclude by discussing some challenges in using a semi-
supervised topic modeling approach, and limitations of our work.

This paper contributes the following: One, we demonstrate a
semi-supervised learning approach to extracting design topics from
Stack Overflow, release our tagged dataset from Stack Overflow,
and our inductively coded set of anchor terms. Two, we explore
practical applications of the resulting topic model, including a char-
acterization of the design discussions on Stack Overflow, including
co-occurring topics, and a way to use GitHub to reveal implemen-
tation links to design topics. Finally, we compare different topic
modeling approaches to prepare guidelines for when and how to
apply CorEx.

2 BACKGROUND AND RELATED WORK
Related work for this paper is from research on mining Stack Over-
flow and related sites, and research about extracting and managing
design knowledge.

Mining Stack Overflow. Stack Overflow is the most popular ques-
tion and answer (Q&A) forum online [3]. It has seen many papers

and mining challenges (including the MSR 2015 challenge) from re-
searchers studying it, ranging from software security [42], machine
learning [4], energy consumption [28], or non-functional require-
ments [43], among others. These studies adopt a similar approach
to ours in using text analysis tools such as LDA [9] to analyze the
dataset, once it is filtered using keyword labels.

Two studies look at how GitHub artifacts and Stack Overflow
content are linked. Yang et al. [41] looked at how Stack Overflow
code snippets (specifically Python) appeared in GitHub code reposi-
tories in a large-scale study. They found evidence that 1-2% of code
from Stack Overflow appears in GitHub, which suggests transfer is
occurring via copy and paste programming; this implies a similar
mechanism may occur for the design concepts we detect (but which
would be more challenging to uniquely identify in code). Specific
links from code to Stack Overflow are easy to identify, by contrast,
and are explicitly identified in the SOTorrent dataset. Manes and
Baysal [26] show this occurs quite often, with a median of 144 ref-
erences per project. Design was not one of the more popular topics
they identified, but like us they found developers seem to point
more often to the question as way of reference for code changes.

Stack Overflow is the largest development Q&A forum, but has
limitations: it may only be used by a subset of practitioners, is
English-language, and omits questions that are proprietary or inter-
nal (e.g., referring to internal APIs). As user-generated content it is
subject to the fallibilities of its users, including off-topic comments,
cliques, and bias toward majority groups [13]. Other developer fo-
rums are Gitter [12] and GitHub Discussions [19], which may be
relevant in future design mining studies.

Finding and managing design knowledge. In the context of
software engineering, design is traditionally understood both as
a process [14] in which a development team engages, and as the
resulting specifications [29] that the team produces.

The idea that useful design information may occur in discussions
is supported by the literature on design rationale [24].

Organizing design information was a primary motivation be-
hind the patterns community. Until quite recently, this knowledge
was organized largely manually, both because the information was
heavily context-specific, but also due to a lack of large datasets.
More recently, Gorton et al. semi-automatically populated design
knowledge from internet sources for a particular (big data) domain
[18], Tian et al. [37] used Stack Overflow to find how architecture
smells were discussed, Bi et al. [8] looked at architecture patterns
mentioned on Stack Overflow, and Ali et al. [2] uses Stack Overflow
to classify posts according to architectural lifecycle stage (analysis,
synthesis, evaluation, ...). We focus primarily on design topics and
their relationship to source code artifacts.

Other artifacts beside question and answer posts are relevant.
Viviani et al. [39] attempted to recover design information from
the social artifacts surrounding software engineering. Viviani et al.
focused on developer discussions that take place on GitHub pull
requests, as concerns related to design are often raised in those
discussions.

Most closely related to our work is that of Mohamed Soliman
and his co-authors. They have looked at using Stack Overflow as an
architecture knowledge (AK) repository: first, in [34], assessing the
“suitability of capturing and reusing of AK for technology decisions
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from SO posts”, specifically middleware knowledge. Their expert
respondent pool agreed their sample of Stack Overflow posts was
architecturally relevant. Next, they build an ontology for architec-
ture knowledge on Stack Overflow [33]. The ontology is similar
to our codes in the tables above, but include more architecturally
specific terms such as component, connector, architecture pattern and
then apply that ontology to a query-based retrieval system [35].
This last paper showed that questions with specific design details
were harder to retrieve.

The primary differences with our paper is that we look more
broadly at all design topics and use a semi-supervised approach to
guide the topic model. We also use the term ‘design’, as opposed
to their focus on architectural terms. We suspect design-related
discussions may be more frequent, but these two terms do have
considerable overlap. On Stack Overflow there are currently 15,650
questions tagged ‘[architecture]’, out of the 1.5 million or so we
consider in our dataset (which includes the ‘[architecture]’ tag).

3 RQ1: EXTRACTING DESIGN TOPICS

We filter Stack Overflow questions using design-related tags; in
RQ1.1 we inductively code that subset and then in RQ1.2 apply
unsupervised LDA [9] and semi-supervised Anchored CorEx [15,
31, 38]. In Section 4, we then use CorEx to characterize the overall
discussions on Stack Overflow.

3.1 Creating the Dataset

We build our dataset from Stack Overflow, which is a question
and answer forum pertaining to programming with question com-
menting, question tagging, upvotes, and more. See [3] for more
background on mining Stack Overflow. Filtering the design discus-
sions from Stack Overflow data dump such as SOTorrent [3] is a
challenging task, and is heavily dependent on the original user label
for tagging of posts. Mahadi et al. [25] used 10 software-design re-
lated Stack Overflow tags (viz. “design-patterns”, “software-design”,
“class-design”, “design-principles”, “system-design”, “code-design”,
“api-design”, “language-design”, “dependency-injection” and “archi-
tecture”) to identify design related discussions on Stack Overflow
[25].

Tag Filtering—Stack Overflow follows a community-driven ques-
tion and answer framework, wherein details such as appropriate
creation and use of tags are monitored by expert users. The number
of tags that can be assigned to a topic are limited to 5. These rules
ensure that the tags that are assigned to a post remain germane to
the topic of discussion.

To extend the dataset by Mahadi et al. [25], we use related tag
analysis to identify tags and sub tags that are related to the already
identified design tags. Furthermore, to include design related tags
that were missed by related tag analysis, we query the tag descrip-
tion (identified by PostTypes: TagWikiExcerpt and TagWiki) for
the keyword “design” and having more than 100 posts. We then
manually analyze the resultant list of tags to remove tags that are
not related to software design related posts. We avoid domain-
specific tags such as wordpress, since such tags contained both
design-related and non-design-related posts. We also exclude tags
corresponding to graphic design and UI design (e.g., css).

Round SO
Round 1 0.22 (fair)
Round 2 0.17 (slight)
Round 3 0.34 (fair)

Table 1: Inter-rater agreement [22] on Design Topic identifi-
cation from codes in Table 2.

This systematic identification of design tags produced a tagset of
61 tags for Stack Overflow corresponding to software design. These
tags are then used for identifying design-related questions and their
corresponding answers which form a part of our extended dataset.
The list of design-related tags and our dataset is available in our
replication package, https://doi.org/10.5281/zenodo.5885783.

The extended design discussions dataset contains over 1.5 million
design-related questions and answers. Pre-processing is performed
on the posts to remove styling tags, code blocks and whitespace,
to make the dataset easier for a human labeller to perform manual
analysis and labelling.

Only question and answer type posts are retained in the dataset,
along with their titles and associated tags. The dataset for Stack
Overflow was obtained using the SOTorrent dataset [3], as of De-
cember 2020. We include the dataset and details on data format in
our replication package.

3.2 RQ 1.1Inductive Coding

3.2.1 Methodology. We use an inductive coding approach [27] to
categorize the posts. We did not have a predefined coding guide,
so we begin by having two authors, graduate students each with
several years of commercial software development experience, in-
dependently label the posts, looking at title, question, and answers,
alongside the post tags. We randomly sample 50 questions each for
SO from our sampling frame (tag filtered dataset) for each round
(3 total) of inductive coding. In each round, after reviewing 50
randomly sampled discussions independently, the coders met in
a coding agreement session to discuss codes and look for themes.
A third coder resolved disagreements. We maintain a coding dic-
tionary for the set of codes identified. Table 2 shows our coding
dictionary and relative code frequency out of the 150 questions
coded for Stack Overflow. After three rounds of coding, reconcilia-
tion and agreement (50 posts per round; 150 posts in total), since no
new labels were identified, the set of labels were finalized and the
150 posts were re-labelled using these finalized labels. We provide
the labeled and coded dataset in our replication package. Table 1
reports the agreement kappa scores, for the Design Topic labels
assigned. We discuss more on agreement in the results section.
Even after multiple rounds of coding and alignment, the agree-
ment scores only showed small improvement. Therefore to identify
the reasons for low agreement while manually classifying design
related posts we perform an additional round of coding 75 Stack
Overflow posts, with 3 authors labelling 50 posts each with a 50%
overlap with each of the other coders. In this round of coding the
coders were instructed to provide their top 2 labels for each of the
posts, for analyzing topic overlap. We use the same coding dictio-
nary that was arrived at after the previous 3 rounds of coding. We
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Table 2: Inductive, manually assigned design-related codes. Counts are # questions (out of 150) associated with that code.

Codes Description SO
Other Design Questions Discussion around efficiency, security and various best/recommended practice design choices. 31
OOP Design Discussion around designing of classes and objects along with their associated attributes and 19
methods.
Dependency Management  The various challenges of management and insertion of dependencies. 18
Architecture Better ground up design of multiple systems/modules and their interaction/integration. 10
Design Patterns General reusable solution to some commonly occurring software design problem e.g. GoF patterns. 10
Language Design Challenges of language design and the discussion around new language constructs. 8
Data Storage Access Design  Design choices around selection of appropriate data structure/iteration strategies for storage/rep- 7
resentation/accessing data.
Test Design Design of test cases and their challenges. 4
Design Principles Software design principles that mainly focus on the maintainability aspects of quality. 4
API Design Design choices and challenges involved in developing APIs . 2
Not Design The question did not pertain to design despite its tag. 37

also captured disagreement source, after examining the reasons for
disagreements.

3.2.2  Results for Inductive Coding. Design is notoriously context-
specific and somewhat ephemeral. We therefore expected to have
challenges getting agreement on labels for these discussions. Table
2 lists our codes, short definitions, and frequency of occurrence.
The more complete set of definitions is available in the replica-
tion package. We struggled to get good inter-rater agreement, as
measured by kappa score, on the codes we assigned (Table 1).

In general the inductive coders were able to differentiate design
and non-design posts well with a substantial agreement (Cohen’s
Kappa: 0.68)[22] prior to the alignment step. These results suggest
that given a Stack Overflow post, it was relatively easy to identify
whether it corresponded to Software Design.

Coder alignment for Design Topics (i.e., more refined subcate-
gories of Design) proved more challenging. While the coders agreed
on whether a discussion artifact corresponded to software design,
they were only able to reach a fair agreement, for Stack Overflow,
despite their background as professional software developers with
experience in software design.

Even after three rounds of inductive coding and alignment, the
software design topics identified overlapped and did not provide
good separation in terms of inter-rater agreement. We did an addi-
tional round of coding to identify why this might be. We expand
on this along with the percentage of all disagreements where this
reason was cited (% Disagreements). Disagreement occurs when
neither of the two assigned labels match for the two coders labelling
it and each post may have multiple reasons for disagreement.

3.2.3 Challenges with Manually Labeling Design Topics. Overlap-
ping topics (37.5 % of disagreements). The coding dictionary
had multiple possible answers for a given question. For instance,
decorator pattern is a GoF pattern but could be used as a solution
for ensuring the open-closed principle, this represents a Design pat-
tern-design principle overlap.

Questions asked were too basic (29.2%). Some questions caused
confusion when the question was too simple. For instance, a Stack

Overflow question? discussing the basics of designing a utility class
was labelled by the 2 coders as being OOP Design and Not Design
respectively.

Referred to different sections of the post (29.2%). The coders
cited different parts of the post for justifying the different labels
that were assigned. It is complex to summarize a complex question
with one or two topics.

Judged error handling/bugs differently (20.8%). Some questions
seemed more like specific bug issues than design questions. For
instance, a Stack Overflow question® discussing handling errors
with respect to project dependencies was labelled by the 2 coders
as being Dependency Management and Not Design respectively.

Question too focused on implementation (8.3%). Some ques-
tions seemed to focus on implementation and not design. For in-
stance, a Stack Overflow question* asking the correct implemen-
tation of a database query was considered by one of the coders as
being too specific to be considered as software design, where as
the other coder labelled it as Data Storage Access Design since it
discussed efficiency and performance of the implementation. Note
that here the user did consider it design.

Confusion between architecture and design (4.2%). The level of
abstraction of the software design question might be either Design
or Architecture. For instance, a post discussing some aspect of
object oriented design at the project level may be labelled by the
coders as both OOP Design and Architecture.

3.3 RQ 1.2 Topic Modelling

If the inductive approach is hard to scale (human labeling is expen-
sive) and prone to disagreements, an unsupervised approach that
relies solely on statistical models of the text might be more suit-
able. An unsupervised (and semi supervised) approach to recovering
latent topics in text is topic modeling. It has the benefit of being
highly scalable (e.g., can handle all of Stack Overflow) and has a
long history in SE [1]. We compare the conventional unsupervised

Zhttps://stackoverflow.com/questions/30019005/
3https://stackoverflow.com/questions/23663997/
“https://stackoverflow.com/questions/7711432/
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approach, LDA, to a newer semi supervised approach, CorEx, which
uses anchoring. Weak supervision (or semi-supervised) refers to
the fact that users do some labeling, but much less than inductive
coding.

3.3.1 Latent Dirichlet Allocation (LDA). We use the LDA algorithm
[9] as implemented in Mallet® to automatically identify topics of
design-related posts on Stack Overflow.

We grid search for the number of topics between the limits we
define as max (70) and min (2) topic numbers to retrieve the number
of topics with highest coherence score. These seem like a reasonable
prior to apply based on studies in SE using LDA (such as [4]).

The data set of Stack Overflow consisted of 227,282 design ques-
tions with a vocabulary size of 259,167. However, removing stop
words, short tokens before and after bi-gram and tri-gram lemmati-
zation resulted in a vocabulary size of 213,329. We wanted to further
narrow down the vocabulary size to improve the model. So, we
added high-frequency words to the stop words list and filtered out
words that occurred in fewer than 10 documents, or more than 50%
of the documents. This reduced the vocabulary to 30,457 words.

We used Mallet’s optimization technique to determine the hy-
perparameter for the optimal number of topics for the given design
discussions data set by comparing their c_o coherence scores. Seven
topics are optimal for the Stack Overflow dataset, with a coherence
score of 0.56.

3.3.2 BERT and S-BERT. To see if we could improve on vanilla
LDA, we used Bidirectional Encoder Representations from Trans-
formers (BERT) [11] and Sentence Transformers [30] to perform
semantic textual similarity (STS). We used Adam Optimizer [21]
and mean squared error loss function for the encoding process.
This resulted in coherence scores of 0.54 and 0.59 for BERT and
S-BERT respectively. We noticed that the deep learning models,
being significantly more complex than LDA model, creates more
noisy features to detect similarities and hence, the coherence scores
are not better than the vanilla LDA model, so we did not proceed
further. The sentence embeddings from the pre-trained BERT and
S-BERT without fine-tuning have been found to poorly capture
semantic meaning of sentences [23].

3.3.3  ¢-TF-IDF and Anchored CorEx. We compared LDA, which
is unsupervised, to a semi-supervised method for topic modelling,
by using a combination of Class Based Term Frequency-Inverse
Document Frequency(c-TF-IDF) and Anchored Correlation Expla-
nation (Anchored CorEx) [15, 31, 38]. The idea is to use domain
knowledge (supervision) to anchor the topics semantically. We use
our inductive coding results (Table 2) as topic labels. We also must
determine what useful anchor terms would be for each of those
labels. We do this with c-TF-IDF.

Class Based Term Frequency-Inverse Document Frequency/(c-
TF-IDF). We use c-TF-IDF to identify the top 30 informative terms
(i.e., candidate anchor terms for CorEx, below) for each of the classes
in the inductively coded dataset. The top 30 terms identified per
class provides the latent representation of the classes as terms that
can strongly distinguish a class. ¢-TF-IDF is a TF-IDF like method

Shttp://mallet.cs.umass.edu

for feature representation, where each document represents a class.
The c-tf-idf for every term t and a class document d is given as

1+N
c—tf zdf(t,d)—tf(t,d)*(logl+df(t)+1) 1)
where tf(t,d) = fra/Xfea fra is the term frequency of the
term ¢ in the class document d with f; 4 term count, N is the number
of class documents, and df(t) is the document frequency of the
term ¢ (the number of class documents containing the term t).

We preprocess the inductively coded Stack Overflow dataset
by performing lemmatization, uni-gram and bi-gram tokenization,
and generate the class documents by merging the posts based on
their assigned codes. The standard scikit-learn® Tfidf Vectorizer on
the class documents to generate the c-tf-idf values which are then
ranked to extract the top 30 informative terms per class.

The top 30 informative terms are then manually analyzed and

filtered to retain only meaningful terms (for that label) and to
eliminate spurious correlations. Table 3 presents a subset of the
inductive labels, showing the top 30 terms identified per class and
the meaningful terms retained to be used as anchor words for
Anchored CorEx (in blue). For example, in Topic 8 (Not-Design)
words such as ‘entity’ or ‘module’ are clearly design related, and
thus we do not choose them as meaningful representations for
the Not-Design topic. On the other hand, words like ‘songwriter’
reflect the sparsity of the dataset and, while not design, nonetheless
seem unlikely to anchor topics properly (in our design exploration,
anyway).
Anchored Correlation Explanation (Anchored CorEx). An-
chored CorEx [15, 31, 38] is a semi-supervised approach for topic
modelling, that allows incorporating domain knowledge in topic
modelling by specifying anchor words. We use the terms identified
through c-tf-idf as weak supervision anchor words that seed and
impose semantics on latent factors while performing Anchored
CorEx. Anchored CorEx involves optimizing the equation:

Maximize TC(X:Y)+p Z 1X;, Y)) @)
i,jER

where TC(X;Y) represents total correlation with the objective
of constructing latent variables Y that best explain the multivariate
dependencies in data X (set of Stack Overflow questions), and I(x, y)
represents maximizing mutual information between the anchor
terms X; and the latent factors Y;.

We pre-process the dataset, performing stop word removal, lemma-
tization, and unigram, bigram tokenization. We then use the An-
chored CorEx implementation’ and perform simple grid-search
hyperparameter optimization for coherence scores (Cy) by adjust-
ing for anchor strength, a measure of how strong the anchor term
is. In case of overlapping (a spurious correlated term) we can add
the overlapped term to the appropriate term as a new anchor. We
find that an anchor strength of 6 provides the highest coherence
score of 0.55 and a total correlation score of 60.11.

3.3.4  Results for Topic Modelling. Topic modeling, as a classifica-
tion approach, is faster and vastly more scalable than inductive
(human) labeling. We use the the coherence score C, as a metric

Shttps://scikit-learn.org
"https://github.com/gregversteeg/corex_topic
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datablock, content, dll, class, assembly, abstraction, use, version, web, application, delegate, app,
interface, block, model, datum, service, object, need, assembly version, concern, not, menu, file, wpf,

node, command, view, class, pattern, object, render, update, method, implement, scene, not, strategy,
scenegraph, scene graph, state, throw, rendergraph, opengl, issuer, interceptor, command pattern,

deck, card, design, structured, structured design, focus, design principle, card deck, workspace,
card collection, middle, model, principle, user, object, parent instance, middle entity, deck model,
collection, author, software design, instance, reference, bind, scope, hierarchy, parent, module, not,

not, class, method, use, error, try, server, file, module, verilog, model, event, php, entity, songwriter,
image, code, work, window, table, js, need, variable, constructor, self, database, framework, text,

Topic Id Topic Terms
2 architecture
app delegate, main app, method, system, architecture
5 design-pattern
pipeline, model, type, graph, singleton, event, submit, transition
6 design-principles
new, principle
8 not-design
want, self songwriter, syntax, validation, exception
9 oop

class, method, not, object, constructor, employee, vector, argument, need, static, superclass, function,
base class, atm, subclass, instance, static method, inherit, base, use, mutable, design, inheritance,

create, value, input, php, object orient, call, code

Table 3: Top 30 representative terms for a selection of inductively defined design topics (Table 2), retrieved using c-TF-IDF. Blue
are the selected anchor terms. Black terms are discarded as anchors. Red are anchor terms added to overcome topic overlap.

Table 4: Stack Overflow LDA topic names (manually assigned)
with top 5 terms

Table 5: Stack Overflow CorEx topic names and top 5 associ-

ated unigrams/bigrams, exclusive of anchors.

Topic Name Top 5 Terms Topic Name Associated Terms
oop object, property, variable, in- api-design good, thing, think, case, need
stance, field architecture web, web application, framework, project, net

concurrency pattern thread, call, task, request, re-

source
class/interface implemen- class, method, function, type, in-
tation issues terface
error resolutions module, file, dependency, work,
component
other design return, work, element, item, itera-
tor

design patterns and princi- pattern, thing, person, language,
ples feature
databases and architecture ~ datum, service, user, model, event

for evaluating the topic models since it is strongly correlated with
human labelling and is reliable for topic coherence evaluation [32].

Table 4 shows the results of LDA topic modelling with our man-
ually assigned topic names. While LDA provides an acceptable
coherence score (0.56) for topic modelling [32], it does so by opti-
mizing for coherence based on the word vector representations of
the data. However, the LDA analysis results in only 7 design topics,
which seems low given the breadth and scope of software design
topics.

Table 5 shows the results of Anchored CorEx topic modelling
and the top 5 terms identified per topic. We do not report the anchor
terms (i.e., the actual word list would be Table 5 + the terms in blue
in Table 3). We note that for some of our topics, such as [api-design]
and [language design] topics, our labeling dataset had relatively

data-storage-
access-design
dependency-
mgmt
design-pattern

design-principles
language-design
not-design

oop
other-design-

questions
test-design

view, data, controller, entity, sql

service, container, ioc, inject dependency, re-
solve

singleton class, singleton pattern, factory pat-
tern, pattern use, factory

design pattern, software design, responsibil-
ity, good design, drive

create object, object not, object class, object
create, orient

throw, get error, error message, throw excep-
tion, try

static method, object orient, constructor, in-
terface, class method

ddd, wait, thread safe, domain object, locking

unit, mock, testing, test code, test class

few training examples (e.g., only 2 questions for [api-design] — cf.
Table 2). This explains some of the strange terms (like ‘good’).
Anchoring results in CorEx topics that are interpretable, because

they can be tied back to the domain knowledge captured in the
inductive coding, while having coherence scores for Stack Overflow
dataset that are on par with LDA topic modelling (CorEx: 0.55, LDA:
0.56).
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Table 6: Topic Modelling precision (P) and recall (R) metrics.
Parentheses indicate the LDA/CorEx topic name we matched
on.

SO Tag LDA Anchored CorEx
(lda-topic-name) (corex-topic-name)
design-patterns  P:0.25 R: 0.17 P:0.10 R: 0.74
(design patterns and  (design-pattern)
principles)

P:0.013 R: 0.27
(design patterns and

P:0.004 R: 0.84
(design-principles)

solid-principles

principles)
oop P:0.39R: 0.22 P: 0.19R: 0.71
(0op) (oop)
architecture P: 0.16 R: 0.35 P:0.05 R: 0.77
(databases and archi- (architecture)
tecture)

Comparing topic model approaches. Which of the two topic
modeling approaches is better, i.e., which one better captures latent
design discussions? One way to answer this question is to see
how well each named topic captures existing annotations. We use
precision and recall metrics to evaluate the performance of the two
topic modelling approaches against the user-created tags on each
question from Stack Overflow. A ‘true positive’ is when a named
topic from either LDA (column 1 of Table 4) or CorEx (column
1 of Table 5) matches a user-assigned tag on Stack Overflow. In
some cases we mapped a tag from Stack Overflow users (such as
“solid-principles") to our named topics in LDA and CorEx (such
as “design-principles" (CorEx) or “design patterns and principles”
(LDA)).

Table 6 explores the precision and recall results for a selected set
of topic names. The parentheses list the mapping between the SO
tag and the topic modeling name. We see that CorEx generally has
much higher recall (finds more true positives) but at the expense of
lower precision (more false positives). We explore reasons for this
in Section 5.

4 RQ2: LEVERAGING DESIGN TOPIC
KNOWLEDGE

With a suitably performant topic extraction approach, in our case,
CorEx, there are several questions one can attempt to answer. We
describe two of them in this section. One concerns the types of
topics discussed on Stack Overflow, and the other looks at how
GitHub and Stack Overflow design topics relate.

4.1 What Design-Related Topics are Discussed
on Stack Overflow?

Given the challenges with classifying design related posts using
inductive coding and the low agreement scores, and the advan-
tages with using a semi-supervised model of classification we use
CorEx Topic Modelling for classifying design related posts on Stack
Overflow.

Table 7: CorEx topics. Counts reflect number of SO questions
having some discussion around that label.

CorEx Label SO frequency
oop 89,270
language-design 88,796
data-storage-access-design 74,371
architecture 73,494
not-design 65,579
api-design 63,972
design-pattern 54,403
design-principles 47,706
dependency-mgmt 38,045
other-design-questions 37,131
test-design 25,569

Stack Overflow questions were spread widely across the topics
from Table 2, and focus more on specific questions related to OOP
(19/150) and dependency management (18/150).

Despite being filtered for design-related tags, we found 24.6% of
Stack Overflow posts were not design-related. By contrast, examin-
ing non-tagged artifacts such as code comments or issue discussions
(as in [25] or [39]) found the inverse: 75-90% of the Stack Overflow
posts were not design-related. This shows the effectiveness of using
the tag filtering approach. For instance, Stack Overflow’s tag de-
scription for the tag “iterator” says the tag is for questions related to
the Iterator design pattern (a Gang of Four [16] Behavioural design
pattern). But this tag was often found to be incorrectly used? for tag-
ging loop implementation issues, and we labelled those questions
as “Not Design”.

Table 7 shows the number of questions associated with each
of the CorEx topics. Note that ‘not-design’ again figures fairly
highly, despite our tag filtering approach; either these questions
are mistagged (e.g., with ‘iterator’), or some of the latent topics are
incorrect. Figure 1 presents the co-occurrence for the various CorEx
terms in the Stack Overflow dataset labelling. Here we observe that
terms such as ‘dependency-mgmt’, ‘not-design’ and ‘test-design’
have a comparatively lower co-occurrence with other design labels,
suggesting that the Stack Overflow posts tagged with these labels
tend to be more focused and have very few latent terms associated
with the other design topics, the hoped-for result for ‘not-design’.
We also observe a strong spurious co-occurrence between ‘oop’ and
‘language-design’, which may be explained due to the unavailability
of sufficient training samples.

4.2 Linking GitHub Data to Stack Overflow
Design Topics

To explore what design related Stack Overflow discussions are refer-
enced in open source projects, we examine the PostReferenceGH and
GHCommits tables available as a part of the SOTorrent[3] dataset.
The PostReferenceGH and GHCommits tables provide references
of the Stack Overflow questions, answers, and comments that are
made in source code (i.e., code comments) and commit messages,

8¢.g., https:/stackoverflow.com/questions/38024554/
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Figure 1: Co-occurrence matrix for the CorEx topics in Stack Overflow dataset. Values indicate the percentage co-occurrence of
labels of all Stack Overflow design related posts. Higher (more blue) = more likely to co-label a SO question.

respectively. We identify a subset of the Stack Overflow extended
design discussion dataset posts that were referenced in GitHub
repositories using these mapping tables and analyze them using
both the tags used by the original poster (or modified by site mod-
erators) as well as the labels generated by our Anchored CorEx
model. We ensure that we avoid duplicate rows due to forking for
commits, but not for code comments, as the forks may change the
comment.

We used our CorEx topics to characterize the types of questions
GitHub projects referred to. We found 23,634 source code references
and 2,251 (221 after grouping by Commitld and Postld) commit
message references in GitHub to Stack Overflow design related
posts (the posts tagged with a word from our tag set).

Table 8 presents the distribution of the Stack Overflow posts
referenced in GitHub as classified by the CorEx model.

Stack Overflow design discussions form 0.36% and 1.13% of all
source code and commit message references respectively, a high
percentage of references given these posts were identified using
only 61 design related tags as compared to the 20,000+ tags on Stack
Overflow that have at least 100 posts.

According to the user defined tags, discussions relating to model-
view-controller and oop tagged posts were most referenced in
GitHub source code and commit messages respectively. Since CorEx
looks for the presence of multiple labels per reference, we observed
that most of the source code references shared the architecture label,
while most of the commit messages shared the data-storage-access-
design label. Further analysis of some the references under these
dominant categories reveals some of the ways in which GitHub
projects utilize them.

Table 8: Distribution of Stack Overflow references in GitHub
as classified by the CorEx model. The count refers to the
number of code comments or commits messages that link to
a design question with the associated CorEx topic in SO.

CorEx Label Source Commit
Count Count

api-design 21360 1974
language-design 19830 1006
architecture 13928 1070
oop 10990 993
not-design 9793 1220
design-pattern 9267 804
data-storage-access-design 6196 1340
test-design 5553 678
design-principles 4232 611
other-design-questions 4111 1337
dependency-mgmt 2372 562

For example, a GitHub commit message’ referenced Stack Over-
flow discussion on providing synchronized access to data model
using double checked locking: “...need to make sure the initialization
of the content provider component is synchronized... accepted answer

here: http://stackoverflow.com/questions/5717090/double-checked-locking-

in-android/5717977" to corroborate and to document the strategy
used in the commit. CorEx labeled this SO post as [data-storage-
access-design, other-design-questions] where ‘other-design-questions’
corresponds to locking strategy used. The Stack Overflow poster

“https://bit.ly/3FOUZCY
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tagged it [java, android, virtual-machine, dalvik, double-checked-
locking].

A source code reference in a logging library'® commented ...
This class was retrieved from: http://stackoverflow.com/questions/
33364070/ ...” where the Stack Overflow post presents a design strat-
egy for implementing singleton design pattern and inheritance from
abstract classes. CorEx classified this as [design-pattern,oop] and
the poster tagged it as [python, singleton, abstract-class, metaclass,
abc].

Since 1% of GitHub-linked discussions are design-related, we
could use this dataset for both generating documentation (e.g., on-
demand as someone reads the code) and adding documentation
sources for writers. One use case, for instance, could be to retrieve
Stack Overflow posts given source code similarity. Something like
this is shown by Xu et al. [40] for code generation.

Soliman et al. [34] found a similar phenomenon with architecture
knowledge for middleware. It may be possible to add automation to
this and suggest relevant Stack Overflow style discussions as source
code comments. Such simple links would be considerably simpler
to document than the entire design choices, much like naming a
class SingletonX implicitly links to the Singleton design pattern (for
those who have learned that pattern).

5 DISCUSSION

5.1 Un-/Semi-/Fully-Supervised Approaches

We used both inductive coding (a manual approach), and LDA/-
CorEx (unsupervised and semi supervised approaches). A fourth
topic set is the user-assigned tags on the Stack Overflow question.
All approaches label the content of the question with respect to
design. Table 9 shows the Stack Overflow question title, the manual,
inductive code we assigned, the user-defined tags (where user is
the asker of the question on Stack Overflow and possible editors of
those tags), and finally, the set of CorEx topics associated. Table 10
captures our summary of the benefits of each approach.

We leveraged the existing tags on SO to generate our design
Q&A dataset. We then inductively coded this dataset. One might
ask why the coding process was even necessary, given the users had
already defined tags. Our inductive coding process is high-effort,
but we showed that many posts tagged as [design] were in fact not
design.

Furthermore, tagging on SO is contentious, including for the
reasons Barua et al. [5] mention: minor syntactic differences, tag
evolution, and tag semantics (e.g., design pattern vs design prin-
ciple may be perceived differently by different people). More im-
portantly, manual coding allows us to thematically group the posts
and identify broader patterns (such as the motivation for asking
the question). Furthermore, we were able to use this inductive set
as input for the CorEx approach which is much more scalable.

On the differences between LDA and CorEx. We expand on
the differences captured in Table 10. Is it a problem that CorEx has
higher recall but lower precision, in general?

P/R is a tradeoff: it may be better in some applications to get
all the relevant questions instead of focusing on precision, and a

Ohttps://bit.ly/3ftH1AnK

balanced approach may not be appropriate [7]. Our evaluation is
exploratory; for example, it is possible users are missing a label
which should really be there (i.e., users may be mistaken)

Our definition of a true positive may be overly constrained. Just
because our two coders tagged a question as ‘architecture’ does not
imply the original question was about architecture; conversely, the
user tag might indeed be architecture, but at a lower abstraction
level (such as ‘hexagonal’). Finally, our inductive coding, and design
labeling in general, is imperfect at the human level, which suggests
tools will also struggle without better definitions. We see CorEx as
providing a useful way, with anchoring, to more precisely define
design concepts, training the topic model with less common or
generic topics, which LDA suffered from. Another difference is in
how topics are named. This is a tricky and subjective aspect of LDA
[20]. With CorEx, these names come from the anchor set a priori
and there is no labeling topics post-hoc.

One of the advantages of LDA-style approaches is that they are
objective (to some degree; choice of hyper-parameters and dataset
order affect the reliability [1]). Inductive coding, although rigorous
[27], depends on the skill and experience of the coders. Yet we have
shown that some supervision greatly increase topic relevance. This
suggests that a balance is important. In this paper, some aspects
were objective: (randomly) selecting sample data; running LDA;
selecting hyper-parameters; and running CorEx. Some were subjec-
tive: inductively coded data; naming LDA topics; selecting anchor
words using c-TF-IDF. We argue that this balance is inherent in
SE domains, such as design, which are not objectively defined
themselves.

For example, while selecting anchor terms, we cannot simply
remove terms, because those terms might well be relevant, and it is
our knowledge of the topic that is lacking. On the other hand, as
Agrawal et al. have reported [1], repeatability and stability in topic
modeling are important as well. Ideally the topics CorEx identified
in this study would be relevant in another study (on the same data).

Guidelines for semi-supervised topic modeling in SE. Our
experiences lead us to suggest the following guidelines.

(1) Clearly specify criteria to avoid topic overlap. To ensure
clear topic separation, merge highly overlapping topics.
Use of hierarchical topic modelling could also help topic
separation.

(2) Filter out posts/documents using (a) experience criteria
for the author of the post; (b) exclusion criteria for code
snippets and error logs; (c) exclusion criteria for questions
that do not have a selected answer

(3) Clearly define a goal for the resultant topic model. This
would help streamline the topic modelling activity and the
definition of the anchor terms. For example, Soliman et al’s
investigation into middleware [34].

(4) Experiment with various sampling frames and document
granularities (document, paragraph, sentence). A more gran-
ular post type, may improve precision, but may also require
more efforts to scale to a large sampling frame,

(5) For design mining, consider the scale of the design solution
being looked at (method level, file level, program/architec-
ture level).
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Table 9: Example SO questions, and approaches to identify latent topics

Question Id & Title

Inductive Code

User Defined Tags

CorEx Topics

11242144: Optimal TPL Dataflow Design

34258867: How factory pattern works

Architecture

c# architecture asynchronous con-

currency tpl-dataflow

api-design,architecture,design-
principles,Janguage-design

Design Patterns

php oop factory

design-pattern,language-design,oop

Table 10: Four approaches to categorizing latent design topics.

Approach

Pros

Cons

LDA

Efficient, tunable. As-
sign many (all) topics to
a question.

Potentially  unstable;
topics hard to explain;
sensitive to dictionary.

CorEx Improved recall on Lower precision. Possi-
LDA, efficient, scalable. bly unstable: subject to
Allows for expert input  bias from supervision.
(semi-supervision)
making topics more
interpretable.

Inductive Qualitative and Not scalable; sensitive
Coding  expertise-based, han- to sample; coder agree-
dles nuance. ment low.

Tags Crowd-sourced, spe- Edited by others; not all

cific.

design.

(6) While performing anchoring for semi-supervised topic mod-
elling, (a) experiment with various seed words, anchor
strength and topic numbers; (b) after every iteration manu-
ally access overlapping terms and anchor them as needed;
(c) use strategies such as c-TF-IDF to glean potential anchor
words; (d) refer to [15] for anchoring strategies for topic
separability, representation, and aspects.

5.2 Potential Limitations

Internal Validity: We filter our dataset using a set of design tags;
therefore, if a design discussion uses a tag not in that set, we would
miss this as a potential source of data. To mitigate this we conducted
several rounds of tag set expansion (see Section 3.1). Barua et al.
[5] highlight some issues, including problems with minor, syntactic
changes in tags that do not affect semantics, and tags which are
quite generic. In our case, the tag “design-pattern” seems to occur
even when the question is not specific to a known pattern like
Singleton. Tags also evolve, and indeed, Stack Overflow moderators
recently completed a major refactoring of the previous ‘[Design]’
tag, re-tagging posts with more specific tags.

Our anchored/supervised topic model approach using CorEx
relied, for some topics, on fewer than 10 “documents” (SO ques-
tion/answer sets). This means the topic model had limited super-
vision on these topics and this might limit the applicability of the
matched questions. However, we reported recall and precision to
show how well the anchoring worked, even with limited training.

Since we had poor agreement between coders, one might argue
our coding dictionary was poorly constructed. We believe this

was not the main problem, and that rather, the problem is that
design in software is poorly defined. Devising a coding scheme that
can delineate design concepts is tricky. And yet many of the SO
questions we examined were clearly in one category or the other,
suggesting there is a difference.

Our recall and precision true positives were based on alignment
between user tags and our topic names. This was a reasonable
choice to explore the differences but a more sophisticated metric
will be more informative.

External Validity/Sampling Frame: The objective of our paper is
to identify various software design related questions asked and the
software design related challenges faced by developers, as discussed
on public question and answer forums. The theoretical population
that this paper is concerned with are the design topics discussed
(i.e., in a question or answer) by software developers on public Q&A
forums. For this we purposively choose the design related questions
asked (using our tagsets) on Stack Overflow as our sampling frame.
Our results should generalize to our chosen sampling frame. Other
studies utilizing a different sampling frame may find design topics
relevant to the type of the forum being studied. We examined
GitHub Discussions as another potential source, but found there
were very few discussions about design.

Manual coding: The design mining data relies on a limited set of
human labelled data (or makes the possibly invalid assumption that
the tagging in Stack Overflow reflects real design). However, we
reached code saturation, and we show that the LDA topics and the
human codes are quite similar. Thus, we do not believe we missed
any substantive codes.

Ethical considerations. Stack Overflow is a public website and
content created there is acceptable for research according to the
Stack Overflow licence!!. GitHub defines Acceptable Use Policies
we adhere to.!? However, while our study looked at publicly avail-
able archival data protected by law, and reports on non-personal
information, ethical considerations including privacy concerns and
possible harm, such as reputational damage, are relevant, should we
expand the scope of the research to, for example, consider individ-
ual questions. At that point, informed consent should be obtained
[17].

6 CONCLUSION

Software design is an inherently subjective, yet important, aspect of
software development. After building a design-related Stack Over-
flow dataset, we used an inductive coding method to identify the
design-related topics/areas discussed on Stack Overflow. We found

Uhttps://stackoverflow.com/legal/terms-of-service#access
2https://docs.github.com/en/github/site-policy/github-acceptable-use-policies#5-
information-usage-restrictions
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it difficult to get coder agreement on certain design topics and
list some possible reasons. We then used two scalable techniques,
LDA and CorEx, to characterize the topics in the dataset. We found
the semi-supervised CorEx approach was more interpretable and
produced more coherent topics. That allowed us to characterize
what design topics occur in Stack Overflow, and how comments on
GitHub refer to those topics. We then discussed the differences we
found in characterizing latent design topics with four approaches,
and listed some guidelines for other studies using semi-supervised
topic modeling. Our experience using the semi-supervised CorEx
approach leads us to believe that approaches like CorEx that com-
bine domain knowledge and scalability are key for analyzing SE
text repositories, particularly those with subjective latent topics
like design.
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A REPLICATION PACKAGE

The Stack Overflow design discussions data set used for this study,
the LDA model generated and the manual coding sample set used
for each topic generated is provided in our replication package at
https://doi.org/10.5281/zenodo.5885783.
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Hi <PARTICIPANT-NAME>!
Thank you for expressing interest in our study!

My name is Cassandra Cupryk and I'm a master's student who is a part of a research team at the University of Victoria
in Canada. I'm really interested in finding out whether a tool that has been built can help Computer Science
Master's and Ph.D. students better review research papers.

Thus, we are currently looking for Computer Science Master's and Ph.D. students who are
interested in improving how they review research papers. If you fall under this category, we would
really appreciate the opportunity to:
(A) let Us observe you for about 3 hours in an online group setting while you:

a. use the tool to review 2 research papers

b. download the 2 reviews, in form of text files, of the 2 research papers to your device

¢.  upload the content of the 2 text files to a survey

d. express your opinion of the tool in the survey, and

e. discuss your opinions of the study with other people
B) let Us analyze your reviews of the 2 research papers and your completed survey
C) letUs record your video and your audio for the duration of the study
D) answer questions about whether you found the tool useful for reviewing the 2 research papers
E) answer questions about what improvements could be made to the tool

—_— o~ — —

We will openly publish the results so everyone can benefit from them but will anonymize everything before doing
s0. We will handle your responses and data confidentially. This is a purely academic research project with no
commercial interests. As a master's student, | am required to conduct research as part of the requirements for a
degree in Computer Science. The study is being conducted under the supervision of Dr. Storey. You may contact
my supervisor at mstorey@uvic.ca if necessary.

Ifyou're willing to participate, the study will be conducted on Friday, June 24t from 1pm to 4pm (PT). We estimate
that this study will take about 3 hours of your time.

In addition, we are offering a $20 Amazon gift card to anyone who participates in the study.

If you are interested in participating in this study, please read, sign, and return the attached
consent form.

After you send the signed consent form, you will be sent a calendar invitation via email for the study.
If you consider this email to be spam, I'm very sorry! There will be no follow-up to bug you.
Thanks, and have a wonderful day!

Cassandra Cupryk, ccupryk@uvic.ca
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Participant Consent Form Contextual Inquiry

University
of Victoria

Evaluation of the Empirical Standards Tool
We are Cassandra Cupryk and Margaret-Anne Storey from the Computer Human Interaction and Software Engineering
Lab (CHISEL) at the department of Computer Science at the University of Victoria, Canada as well as Paul Ralph from the
department of Computer Science at the University of Dalhousie, Canada. The purpose of the study is to determine whether
a tool that we've built can help Computer Science Ph.D. and Master's students better review research papers.

Thus, you are being invited to participate in the study entitled “Evaluation of the Empirical Standards Tool". We would
appreciate the opportunity to gather data on how you'd use the Empirical Standards tool to review research papers as well as
if you found the Empirical Standards tool to be beneficial.

We would be delighted if you would be willing to:
(A) let Us observe you for about 3 hours in an online group setting while you:
a. use the tool to review 2 research papers
b. download the 2 reviews, in form of text files, of the 2 research papers to your device
¢ upload the content of the 2 text files to a survey
d. express your opinion of the tool in the survey, and
e. discuss your opinions of the study with other people
B) let Us analyze your reviews of the 2 research papers and your completed survey
C) letUs record your video and your audio for the duration of the study
D) answer questions about whether you found the tool useful for reviewing the 2 research papers
E) answer questions about what improvements could be made to the tool

—_— o~ — —

This is a purely academic research project with no commercial interests. As a master's student, | am required to conduct
research as part of the requirements for a degree in Computer Science. It is being conducted under the supervision of Dr.
Storey. You may contact my supervisor at mstorey@uvic.ca if necessary.

We will openly publish the results so everyone can benefit from them, but will anonymize everything before publishing
the results. Your responses will be handled confidentially. Please note that you are not obligated to participate in the
study. If at some point during the study you want to stop, you are free to do so without any negative consequences and
any data collected up to that point will be discarded.

Participants Selection
You are being asked to participate in this study because you have been identified as a Computer Science Ph.D. or Master's

student who is currently looking to improve how they review research papers. You have also indicated that you are willing
to assist with our study by agreeing to being audio and video recorded.
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What is involved
If you consent to voluntarily participate in this research:
o You will be asked to participate in an online study in a group setting with other individuals.
o You will be provided the website URL for the Empirical Standards tool.
»  You will be asked to use the tool to review 2 research papers and download the 2 reviews to your device and
upload the 2 reviews to the survey
o You will be asked to complete a survey to express your opinion of the Empirical Standards tool.
e You will be asked to be a part of a discussion to express your opinion of the study.

Risks
There are no known or anticipated risks to you by participating in this research. The study will be completed in an online
setting where other Computer Science Ph.D. and Master's students and study investigator(s) will be present.

Benefits
The potential benefits associated with the study include the development and improvement of a tool that can help Computer
Science Ph.D. and Master's students better review research papers.

Voluntary Participation

Your participation in this research must be completely voluntary. If you do decide to participate, you may withdraw at any
time without any consequences or any explanation. If you do withdraw from the study your interview responses will be
deleted and will not be used in any form in our current (and future) study. We will also give you a $20 Amazon Gift Card
after the conclusion of this interview. This $20 Amazon Gift Card will be given whether you finish the study or not, so you
are not forced to finish the study just to get the incentive.

Confidentiality & Anonymity

The workshop is done within a group setting, so the researcher cannot guarantee confidentiality. However, after the study,
your data and your information will be access restricted, and password protected, anonymized and will be kept
confidential. The researchers are the only ones who will have access to this data. All of the data will be stored on a
University of Victoria Microsoft Office 365 OneDrive Account. OneDrive is built on the Microsoft Office 365 hyper-scale,
enterprise-grade cloud, which delivers advanced security and compliance capabilities. The data is encrypted in transit
and at rest. All OneDrive files in the University of Victoria Microsoft 365 account are stored in Canada, however, some
automated processing may occur outside of Canada. After conducting the study, the data will be stripped of any
confidential information and stored in a private Github Repository.

In addition, the following materials are stored on a Google Drive and will be accessed by you during the study:
e PDFs of 2 research papers
e Avideo on how to complete one of the sections of the survey

Please be advised that this research study includes data storage in the U.S. As such, there is a possibility that information
about you that is gathered for this research study may be accessed without your knowledge or consent by the U.S.
government in compliance with the U.S. Patriot Act.
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Hi <PARTICIPANT-NAME> |

Thank you for expressing interest in our study!

We are Cassandra Cupryk and Margaret-Anne Storey from the Computer Human Interaction
and Software Engineering Lab (CHISEL) at the department of Computer Science at the
University of Victoria, Canada as well as Paul Ralph from the department of Computer
Science at the University of Dalhousie, Canada. The purpose of the study is to determine
whether a tool that we've built can help Computer Science Master’s and Ph.D. students
better review research papers.

Thus, you are being invited to participate in the study entitled “Evaluation of the
Empirical Standards Tool”. We would appreciate the opportunity to gather data on how
you’d use the Empirical Standards tool to review research papers as well as if you found
the Empirical Standards tool to be beneficial.

We would be delighted if you would be willing to:
(A) let Us observe you for about 3 hours in an online group setting while you:
a. use the tool to review 2 research papers
b. download the 2 reviews (in form of text files) of the 2 research papers to your
device
c. upload the content of the 2 text files to a survey
d. express your opinion of the tool in the survey, and
e. discuss your opinions of the study with other people
(B) let Us analyze your reviews of the 2 research papers and your completed survey
(C) let Us record your video and your audio for the duration of the study
(D) answer questions about whether you found the tool useful for reviewing the 2
research papers

(E) answer questions about what improvements could be made to the tool

This is a purely academic research project with no commercial interests. As a master’s
student, | am required to conduct research as part of the requirements for a degree in
Computer Science. It is being conducted under the supervision of Dr. Storey. You may
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contact my supervisor at mstorey@uvic.ca if necessary.

Participants Selection
You are being asked to participate in this study because you have been identified as a

Computer Science Master’s or a Ph.D. student who is currently looking to improve how they
review research papers. You have also indicated that you are willing to assist with our study
by agreeing to being audio and video recorded.

What is involved
If you consent to voluntarily participate in this research:

e You will be asked to participate in an online study in a group setting with other
individuals.

e You will be provided the website URL for the Empirical Standards tool.

o You will be asked to use the tool to review 2 research papers and download the 2
reviews to your device and upload the 2 reviews to the survey.

e You will be asked to complete a survey to express your opinion of the Empirical
Standards tool.

e You will be asked to be a part of a discussion to express your opinion of the study.

Risks
There are no known or anticipated risks to you by participating in this research. Research

participation is voluntary and you are under no obligation to participate. If at some point
during the study you want to stop, you are free to do so without any negative
consequences and any data collected up to that point will be discarded. In addition,
choosing to participate or not to participate will not affect your grades, your standing, or
your relationships, etc. The study will be completed in an online setting where other
Computer Science Master’s and Ph.D. students as well as study investigator(s) will be
present.

Benefits
The potential benefits associated with the study include the development and improvement

of a tool that can help Computer Science Master’s and Ph.D. students better review research
papers.
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I. Instructions

NOTE: If your protocol is within 2 months of expiry, please delete this form and start the “Annual renewal with amendment” form
instead, in case the protocol expires before the amendment is approved.

1. Complete the "Amendment summary and rationale” and "Unanticipated events" sections

2. Make changes to the application below

3. Mark changes to all amended appendices; delete old versions of appendices and upload new and amended appendices
4. Make sure you have the correct signatory/departmental head

5. Submit

Il. Amendment summary and rationale

Provide a brief summary of all the changes you are proposing to make with a rationale why you need to make the proposed changes

We've changed the scope of the project. Previously, we were going to study whether the Empirical Standards tool (i.e. website)
can help graduate students conduct and write about their research. Now, we are going to study whether the Empirical Standards
tool can help Ph.D students better review other individuals' research papers.

Moreover, we need to make the following changes:

- Previously we were using semi-structured interviews that were essentially one-on-one meetings with participants for the study.
Currently, we are using an online workshop, so there will be a group setting for the study.

- The workshop will still be audio and video recorded.

- The tool is the same as before.

- The online workshop will consist of: reviewing a paper using the tool and submitting that review of the paper, completing a
survey evaluating the tool, and having a group discussion evaluating the tool.

- We are now planning on using an incentive(ex. gift card) to recruit students for the study.

lll. Unanticipated events (TCPS 2 Article 6.15)

An unanticipated event includes any incidents, experiences, or outcomes that have not been previously accounted for in the approved
protocol and which place participants, or others, at a greater risk (i.e. physical, psychological, economic, etc.) than was previously
anticipated. An unanticipated event may have implications for the conduct of the study or the integrity of the research data.

Have there been any unanticipated events experienced with this research that have not previously been reported to HREB?

No

Application

A. Research team

1. Principal investigator (faculty, faculty supervising a student or post-doctoral researcher)
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Principal Investigator is a faculty member, adjunct professor or sessional instructor. For more information please see the annotated
guidelines.

If the project has more than one Principal Investigator (other than you) or more than one Principal Applicant, their names should be
listed under section A.3 Research Team Members.

Pl name

120

| Margaret-Anne Storey

PI department
PI department. If more than one department, the department you are doing the research for.

| Computer Science COSI

PI position
Pl position at UVic

| Faculty

2. Principal applicant (students & post-docs)

For further information about the distinction between the Principal Investigator and Principal Applicant, please see the annotated
guidelines.

A Principal Applicant is an undergraduate student, graduate student or post-doctoral fellow who will be the lead researcher (for their
thesis, dissertation, project, etc.) for this study. A Principal Applicant will be granted "View and edit" access by default, and will receive
notifications related to the study. If the project has more than one Principal Applicant, the additional individuals should be listed under
section A.3 Research Team Members.

Does this application have a principal applicant (UVic student or post-doc conducting this research for their academic degree)?

| Yes

PA name

| Cassandra Cupryk

PA email

| cassandra.cupryk@gmail.com

PA department

| Computer Science COSI

PA position

| Master's student

PA phone

| 4632017203

PA graduate secretary's email (if the principal applicant is a graduate student. Leave blank otherwise.)

| gradsec@csc.uvic.ca

Is the principal applicant conducting this research for their academic degree at UVic?

| Yes

3. Research team members

Individuals and organizations involved in conducting your research. This includes co-principal investigators, additional principal
applicants, co-investigators, other UVic students, assistants (paid or unpaid), community organizations, and clients. Team members
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listed will have "no access" to application as a default. You cannot assign access to team members without Netlink ID. If they need a
Netlink ID go to the Affiliate Identity Management System and click on the 'Sponsor' tab to start the process. Once you get the Netlink
ID you have to re-enter their name and give access permission to the application.

List all current research team members (including any UVic students or research assistants who will use the received data or biological
materials to fulfill UVic thesis, dissertation, or academic requirements) and assign level of access to the application. Inclusion here
satisfies only UVic institutional requirements. If you grant "View and Edit" access to more than one person, be aware that the system
will not notify users if and when others are making edits to the application.

DO NOT add the PI or PA to this table as that will cause technical permission issues.

Access: & View and edit project @ View only 3% Receive notifications $ Contribute funding

Name Email Role in the project g‘fﬁfii;%%%nal I @® ¥ $
Cassandra cpetrach@uvic. Staff Collaborator: lab manager, helping with data ; v

Petrachenko  ca analysis Uvic < O O O
Alessandra amilani@uvic. Student Collaborator: helping with research (theme -

Milani ca coding, etc.) Uvic O O S S

paulralph@dal. Dalhousie
Paul Ralph ca Collaborator University O O O O
; larios. ) .
Enrique e P Professor Collaborator, help with research (planning :
Larios \ég:gas@gmall. the methodology, theme coding, etc.) Uvic 0 0 S S

B. Project information

1. Project title
Title for your research project. You may not submit two applications with the same title.

Evaluating A Software Engineering Empirical Standards Tool

2. Anticipated duration of the project

a. Anticipated start date for recruitment/data collection

The approximate start date to begin recruitment and data collection for your project should take into account the time it will take to
complete and submit this application form and the period of four to six weeks required for ethical review. It is a violation of University of
Victoria policy to begin recruitment and data collection before receiving HREB ethics approval.

| Upon Approval |

b. Anticipated end date for your research project
An approximate end date for recruitment and data collection.

| December 2022 |

3. Is this application linked to one that has been recently submitted to the UVic Human Research Ethics Board?

[vo |

4. Geographic location(s) of the study

| Victoria, British Columbia |

5. Keywords to categorize your research

Software Empirical |:| |:|

Engineering Research

C. Project funding

1. Have you and/or research team members (their names must be listed under section A. Research team) applied for or been awarded
funding for this project?
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This information is used to permit the release of funds and to ensure proper reporting of research ethics approval to funding agencies.
Please ensure the information in this table is correct.

[no |

2. Will this project receive funding from the US National Institute of Health (NIH)?

[no |

3. If you are a faculty member and have indicated above that you have applied for external funding, have you submitted a Research
Application Summary Form to the Grants or Contracts unit in the Office of Research Services?

You must submit a research application summary form to the grants or contracts office every time you apply for external funding.
Provide explanation, if you haven't done so.

| Not applicable |

Comments

D. Multi-jurisdictional research

1. Will this research be conducted under the auspices of another academic institution or health authority in BC (e.g. recruiting through
their sites/departments/listservs/poster placement, etc.; involving staff, patients, health records; research team member affiliation)? The
checklist may be useful, if unsure.

Research Ethics BC harmonized review (a single coordinated review with the other institution(s) listed) applies if A) you will be
conducting research under the auspices of any of the institutions listed in REBC website (involving staff, patients, health records, sites
and/or recruitment through their sites, including recruitment via poster placement), and/or B) when members of your research team
consist of faculty, staff and students from any of the REBC institution(s).

o |

2. Does the proposed research require Research Ethics Board (REB) approval from outside BC?

[no |

3. If this is a multi-jurisdictional research, please indicate your role in the research project (Check all that apply).
If you answered "Yes" to question D.1 please STOP completing this form and contact HRE office ethics@uvic.ca, 250-472-4321 or 250-
472-4545 as soon as possible.

O Recruiting Participants

O Collecting data

O Analyzing data (with or without identifiers collected by you and/or your UVic research team members)

O Analyzing data that contain identifiers: data to be collected by non-UVic research team members as outlined in this application

O Analyzing data that does not contain identifiers: data to be collected by non-UVic research team members as outlined in this
application

O Dissemination of results via publications, reports, conferences, internet, etc.
O Other

4. Additional information

There is no multi-jurisdictional research.

(Recruitment for the Second Option) Recruitment of registered Software Engineering Ph.D students will be done at the University
of Victoria.

E. Other approvals and consultations

1. If additional request(s) for permission/approval are required please complete the section below (check all that apply)

4/19



123

Other approvals and consultations Yes, Yes, will No
approval provide as approval
uploaded received required

a. School district, superintendent, principal, teacher ~

b. Health authorities outside BC involving staff, patients, health records, sites and/or «

recruitment through their sites (including recruitment via poster placement)

c. Other regional government authority ~

d. Community group (e.g. formal organization, informal collective) ~

e. UVic Biosafety Committee approval 4

f. Other approval 4

Please upload proof of having made request(s) for permission or any permission/approval documents that you received. Please forward
approvals upon receiving them. Be assured that ethics approval may be granted prior to receipt of external approvals.

Comments

F. Scholarly review

1. What type of scholarly review has this research project undergone?

O External peer review (e.g. granting agency)

& Supervisory committee or supervisor - required for all student research projects
O None

O Other

G. Researcher(s) qualifications

1. In light of your research methods, the nature of the research, and the characteristics of the participants, what training, qualifications,
or personal experiences do the principal investigator, the principal applicant, and/or your research team members have?

E.g. research methods course, language proficiency, committee experience, training on the equipment to be used.

Cassandra Cupryk, the principal applicant, has completed a variety of courses focusing on human computer interaction, research
strategies, and study design. Her course work has prepared her to carry out the proposed study. This research will be conducted
as a part of her Master’s Project.

The project supervisor Dr. Margaret-Anne Storey and her collaborator Dr. Paul Ralph are both renowned for their outstanding
work in computer science and software engineering research. They both have extensive experience supervising empirical studies.

2. Tri-Council Policy Statement - TCPS2 CORE Tutorial requirements

All UVic graduate students conducting research with human participants for their UVic project, thesis or dissertation are required to
complete the Course on Research Ethics (CORE Tutorial) and provide evidence of ethics training by uploading a CORE completion
certificate under this section.

List all current UVic graduate students (also listed under A.2 and A.3) involved in this research project for their UVic project, thesis or
dissertation, and upload their Course on Research Ethics (CORE) tutorial certificate(s), if available. This CORE certification is required
as of September 1, 2020 for new applications - see the human research ethics web page for more information.

Name Email Role in the project CORE tutorial completion date

Cassandra Cupryk ccupryk@uvic.ca PA June 52021

Supporting documents

tcps2_core_certificate.pdf (Other approval, Name: TCPS 2: CORE, Version: Version 1); N 18, 2021
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Comments

H. Research Involving the First Nations, Inuit and Métis Peoples of Canada

The TCPS2 (chapter 9) is designed to serve as a framework for the ethical conduct of research involving Aboriginal (including First
Nations, Inuit and Métis) or Indigenous peoples, regardless of where they reside or whether or not their names appear on an official
register. Its purpose is to ensure, to the extent possible, that research involving Indigenous peoples is premised on respectful
relationships and encourages collaboration and engagement between researchers and participants.

This Policy acknowledges the role of the community in shaping the conduct of research that affects First Nations, Inuit, and Métis
peoples. The nature and extent of community engagement should be determined through discussion with, and under the advisement of,
the relevant community, taking into account relevant characteristics and protocols and the nature of the research.

The University of Victoria Indigenous Plan recognizes that research with Indigenous communities or involving Indigenous peoples must
be conducted in a respectful and culturally appropriate manner, following protocols regarding entering community sites, engaging with
communities, Elders and Knowledge Keepers, acknowledging cultural knowledge and cultural property, and disseminating research
findings.

1. Conditions of the research

a. Will you be conducting research that is situated on any of the following kinds of lands or waterways: First Nation reserves, Indigenous
settlements, Indigenous lands under self-government agreements, territories with Indigenous land claims agreements, or other lands
designated by Federal, Provincial, or local governments as Indigenous territory?

[no |

b. Do any of the criteria for participation include belonging to an Indigenous nation, community, group of communities, or organization,
including urban Indigenous populations?

[no |

c. Does the research seek input from participants regarding Indigenous cultural heritage, cultural practices, artifacts, Indigenous or
traditional knowledges, or distinct characteristics of Indigenous experience or reality?

[no |

d. Will Indigenous identity or membership in an Indigenous community or group (e.g. Métis Nation) be used as a variable for the
purposes of analysis?

[vo |

e. Will the results of the research make specific reference to Indigenous communities, homelands and/or waterways, peoples,
languages, histories or cultures?

[vo |

2. Indigenous engagement

a. Processes and protocols for engagement differ across communities, organizations, committees, and groups, as well as across
different research contexts. Describe the process that you have followed with respect to Indigenous engagement.

Include any documentation of collaboration (e.g. formal research agreement, letter of approval, email communications, advisory
committee, mentorship, etc.) and the role or position of those consulted (e.g. Elder, Knowledge Holder, governing body, Chief, etc.),
including their names, if appropriate.

Not applicable.

b. Explain how Indigenous community members will be meaningfully involved throughout the research process, from research design to
knowledge sharing.

Outline the plan, as developed with the community, for the outcomes of the research, including research data ownership, sharing,
storage, and governance.

Not applicable.
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c. If you have answered "yes" to any of the questions in H.1 but have not yet engaged with the community, committee, organization, or
group, please explain why not and outline how you plan to conduct a study that respects Indigenous communities and participants in
the absence of prior engagement.

3. Comments

I. International research

1. Will this study be conducted in a country other than Canada?

No

J. Description of research project

1. Briefly describe in non-technical language

a. The research objective(s) and question(s)

We aim to understand whether the Empirical Standards Tool can help Ph.D students better review research papers.

b. The importance and contributions of the research

The Empirical Standards tool is a website composed of multiple online checklists with essential information that would provide
guidance to Software Engineering Ph.D students when they are reviewing research papers.

The major contribution of this research is to discover whether the Empirical standards tool can help Software Engineering Ph.D
students review research papers. This information can then be used to improve the Empirical Standards tool so that the tool can
better serve Software Engineering Ph.D students.

c. If applicable, provide background information or details that will enable the Research Ethics Board to understand the context of the
study when reviewing the application

This research will be conducted as part of a Master's Project of the principal applicant at the University of Victoria. The research
information will be accessed only by the researchers.

K. Recruitment

1. Participant details
Provide details of your participants

a. Briefly describe the target population(s) for recruitment
Ensure that all participant groups are identified (e.g. group 1 - teacher, group 2 - administrators, group 3 - parents).

Software Engineering Ph.D students.

b. Why is each population or group of interest?

The tool is aimed to primarily help Software Engineering Ph.D students who are currently looking to improve how they review
research papers.

c. What are the salient characteristics of the participants for your study (e.g. age, gender, ethnicity, class, position, etc.)?
List all inclusion and exclusion criteria you are using.

| Software Engineering Ph.D students who are currently looking to improve how they review research papers. |

d. What is the desired number of participants for each group?

| 6-12 participants |
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2. Recruitment and process

Provide details of your recruitment process

a. List all source for information used to contact potential participants
E.g. personal contacts, listserves, publicly available contact information, etc. Clarify which sources will be used for which participant
groups.

Registered Software Engineering Ph.D students in Software Engineering classes at University of Victoria. We will use official Uvic
email lists as well as some Uvic social media channels (ex. Reddit, Facebook, Discord) to approach students.

b. List all methods of recruitment

E.g. in-person, by telephone, letter, snowball sampling, word-of-mouth, advertisement, etc. If you will be using "snowball" sampling,
clarify how this will proceed (i.e. will participants be asked to pass on your study information to other potential participants?). Clarify
which methods will be used for which participant groups.

Firstly, we will be contacting moderators of a listserv or a social media channel in order to recruit participants as explained below:
1. An email will be sent to a moderator of a listserv (Appendix_09_Email_To_Moderator_Listserv) in order to inquire if an email
can be sent out to the students on the moderator’s listserv about information of the study. If the moderator agrees to allow us to
send an email with the information of the study (Appendix 07 — Posting of Study) to the emails on the listserv, then the email will
be sent out by the moderator. The researchers will not have any access to any contact information or the emails on the listserv.
The moderators are the only individuals who will have access to the potential participants’ contact information and who will reach
out to the potential participants.

2. An email or message will be sent to a moderator of a social media channel (Appendix_08_Email_To_Moderator_Social_Media)
in order to inquire if the information of the study can be posted in the channel. If the moderator agrees to allow us to post
information of the study in the channel, then the information of the study (Appendix 07 — Posting of Study) will be posted in the
channel by the moderator. The researchers will not have access to any contact information of the users in the channel. The
moderators are the only individuals who will have access to the potential participants’ contact information and who will reach out
to the potential participants.

Any students that are interested in the study will send us an email. We will then send an email (Appendix 01 — Email to the
Participants) to the participants who have reached out to us. In the email, we will ask the participants to complete the signed
consent form (Appendix 03 - Signed Consent Form) if they are interested in the study. The participant will only be allowed to
participate in the study if they've signed the consent form.

c. If you will be using personal and/or private contact information to contact potential paticipants (as stated above), have the potential
participants given permission for this, or will you use a neutral third party to assist you with recruitment?

Note that this is not a concern when public and/or business contact information is used.

We will rely on neutral third parties to interact with the Ph.D students. The moderators will not grant us access to the potential
participants' contact information. The recruitment will only proceed through the support of moderators.

d. Who will recruit/contact participants?
E.g. researcher, assistant, third party, etc. Clarify this for each participant group.

The principal investigator, the principal applicant, and co-investigators will contact the moderators of the listserv or social media
channel. The moderators will then send out an email containing information of the study or post information of the study in their
social media channel. In the posting of the study, interested participants are asked to contact the researcher via an email included
in the posting of the study.

e. List and explain any relationship between the members of the research team (including third party recruiters or sponsors/clients of
the research) and the participant(s) (e.g. acquaintances, colleagues)

Complete section 3 (Power relationship) if there is potential for a power relationship or a perceived power relationship (e.g. instructor-
student, manager-employee, etc.). If you have a close relationship with potential participants (e.g. family member, friend, close
colleague, etc.) clarify the safeguards that you will put in place to mitigate any potential pressure to participate.

The investigators have no known relationship with any of the participants, but may be supervisors of the students or teaching
them courses.

f. In chronological order (if possible) describe the steps in the recruitment process
Include how you will screen potential participants, where applicable. Consider where in the process permission of other bodies may be
required.

Firstly, we will be contacting moderators of a listserv or a social media channel in order to recruit participants as explained below:
1. An email will be sent to a moderator of a listserv (Appendix_09_Email_To_Moderator_Listserv) in order to inquire if an email
can be sent out to the students on the moderator’s listserv about information of the study. If the moderator agrees to allow us to
send an email with the information of the study (Appendix 07 — Posting of Study) to the emails on the listserv, then the email will
be sent out by the moderator. The researchers will not have any access to any contact information or the emails on the listserv.
The moderators are the only individuals who will have access to the potential participants’ contact information and who will reach
out to the potential participants.

2. An email or message will be sent to a moderator of a social media channel (Appendix_08_Email_To_Moderator_Social_Media)
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in order to inquire if the information of the study can be posted in the channel. If the moderator agrees to allow us to post
information of the study in the channel, then the information of the study (Appendix 07 — Posting of Study) will be posted in the
channel by the moderator. The researchers will not have access to any contact information of the users in the channel. The
moderators are the only individuals who will have access to the potential participants’ contact information and who will reach out
to the potential participants.

Any students that are interested in the study will send us an email. We will then send an email (Appendix 01 — Email to the
Participants) to the participants who have reached out to us. In the email, we will ask the participants to complete the signed
consent form (Appendix 03 - Signed Consent Form) if they are interested in the study. The participant will only be allowed to
participate in the study if they've signed the consent form.

Please upload all the supporting documents relevant to the recruitment methods identified in this section

Examples of supporting documents: email recruitment script, poster, invitation letter, etc. Where draft versions are uploaded please
ensure that final versions are submitted when available. If final versions differ significantly after you have obtained research ethics
approval, you will need to submit a Request for Amendment.

Supporting documents

Appendix_01_Email_Invitation_To_Participants_CC_v2.pdf
(Recruitment document, Name: A01 - Email Invitation to Participants, Version: V2); M 11, 2022

Appendix_08_Email_To_Moderator_Social_Media_CC_v2.pdf
(Recruitment document, Name: A08 - Email to Moderator Social Media, Version: V2); M 11, 2022

Appendix_09_Email_To_Moderator_Listserv_CC_v2.pdf
(Recruitment document, Name: A09 - Email to Moderator Listserv, Version: V2); M 11, 2022

Appendix_07_Posting_of_Study CC_v2.pdf (Recruitment document, Name: AQ7 - Posting of Study, Version: V2); M 11, 2022

3. Power relationship (dual-role and power-over)

If you are completing this section, please refer to the guidelines for ethics in dual-role research for teachers and other practitioners and
the TCPS2, article 3.1 and article 7.4.

Are you or any of your co-researchers in any way in a power relationship, including dual-roles, that could influence the voluntariness of
a participant's consent? Could you or any of your co-researchers potentially be perceived to be in a power relationship by potential
participants?

Examples of "power relationships” include teachers-students, therapists-clients, supervisors-employees and possibly researcher-
relative or researcher-close-friend where elements of trust or dependency could result in undue influence.

No

L. Data collection methods

1. Data collection methods

Use the following sections in ways best suited to explain your project. If you have more than one participant group, be sure to explain
which participant group(s) will be involved in which activity/activities or method(s).

If this research will/may include in-person activities during the global pandemic, you must fulfill the requirements supporting in-person
research with human participants. Please complete relevant section of the application and appendices with the information outlined in
the current UVic Human Research Ethics COVID-19 Bulletin, under the human research ethics webpage.

a. Which of the following methods will be used to collect data? Check all that apply

If this research will/may include in-person activities during the global pandemic, you must fulfill the requirements supporting in-person
research with human participants. Please complete relevant section of the application and appendices with the information outlined in
the current UVic Human Research Ethics COVID-19 Bulletin, under the human research ethics webpage.

® i) Interviewing participants
O In person
O By telephone

& Conducting group interviews or discussions (including focus group)
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& Using web-based technology

Explain and provide the name of the web-based technology or technologies (e.g., Skype, Bluejeans, etc.). For more information on
platforms, programs, security, etc. when conducting research with participants virtually see the UVic FAQ and the U.S. Freedom
Act advisory below.

If using a web program (online surveys, video conferencing etc.) with a server located in the United States (e.g. SurveyMonkey), or
if there are other reasons that the data will be stored in the US (e.g. use of US-based cloud technology, sharing data with US
colleagues, etc.), you must inform participants that their responses may be accessed via the U.S. Freedom Act. Please add the
following to the consent form(s): "Please be advised that this research study includes data storage in U.S.A. As such, there is a
possibility that information about you that is gathered for this research study may be accessed without your knowledge or consent
by the U.S. government, in compliance with the U.S. Freedom Act."

Audio and video data will recorded via Zoom.
A facilitated discussion will be done during the study and may use software such as Miro, etc.

If this research will/may include in-person activities during the global pandemic, you must fulfill the requirements supporting in-person
research with human participants. Please complete relevant section of the application and appendices with the information outlined in
the current UVic Human Research Ethics COVID-19 Bulletin, under the human research ethics webpage.

& ii) Administering a questionnaire or survey
O In person
O By telephone
O Email
O Mail back
& Web-based
Explain and provide the name of the web-based technology or technologies (e.g., SurveyMonkey), and see the U.S. Freedom Act
advisory below.
If using a web program (online surveys, video conferencing etc.) with a server located in the United States (e.g. SurveyMonkey), or
if there are other reasons that the data will be stored in the US (e.g. use of US-based cloud technology, sharing data with US
colleagues, etc.),you must inform participants that their responses may be accessed via the U.S. Freedom Act. Please add the
following to the consent form(s): "Please be advised that this research study includes data storage in U.S.A. As such, there is a

possibility that information about you that is gathered for this research study may be accessed without your knowledge or consent
by the U.S. government, in compliance with the U.S. Freedom Act."

Survey will administered using SurveyMonkey.

O Other
& iii) Administering a computerized task (describe in section L.1b and/or upload documents)

& iv) Observing participants. In section L.1b describe who and what will be observed. Include where observations will take place. If
applicable, upload an observational collection sheet for review.

& v) Recording of participants and data
& Audio
& Video
How are the video images going to be used?
& Images used for analysis
O Images used in disseminating results (include release to use participant images' in consent materials)
O Photos or slides
& Note taking
O Flipcharts
O Data collection sheets (upload)

O Other
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Refers to information/data that was originally gathered for a purpose other than the proposed research and is now being considered for
use in research (e.g. patient or school records, personal writings, lesson plans, etc.).

O vi) Using human samples (e.g. saliva, urine, blood, hair)

O vii) Using specialized equipment/machines (e.g. ultrasound, EEG, prototypes, etc.) or other (e.g. testing instruments that are not
surveys or questionnaires)

O viii) Using other testing equipment not captured under other categories

E.g. artifacts, paintings, drawings, photos, slides, art, journals, writings, etc.
& ix) Collecting materials supplied by, or produced by, the participants

Please specify

129

- We will be asking the students to write a review of the research paper we provide to them and we will collect all these
reviews.
- We'll also be collecting the surveys completed by the students.

Refers to information/data that was originally gathered for a purpose other than the proposed research and is now being considered for
use in research (e.g. patient or school records, personal writings, lesson plans, etc.).

O x) Analyzing secondary data or secondary use of data
O xi) Other

b. Provide a sequential description of the procedures/methods to be used in your research study

Be sure to provide details for all methods checked in section L.1. Clarify which procedures/methods will be used for each participant
group. Indicate which methods, if any, will be conducted in a group setting. List all of the research instruments and interview/focus
group questions, and append copies (if possible) or detailed descriptions of all instruments. If not yet finalized, provide drafts or sample
items/questions..

If using a web program (online surveys, video conferencing etc.) with a server located in the United States (e.g. SurveyMonkey), or if
there are other reasons that the data will be stored in the US (e.g. use of US-based cloud technology, sharing data with US colleagues,
etc.),you must inform participants that their responses may be accessed via the U.S. Freedom Act. Please add the following to the
consent form(s): "Please be advised that this research study includes data storage in U.S.A. As such, there is a possibility that
information about you that is gathered for this research study may be accessed without your knowledge or consent by the U.S.
government, in compliance with the U.S. Freedom Act."

Firstly, prior to the study, we will ask the participants to complete the consent form (Appendix 03 - Signed Consent Form). Once
the participant signs and returns the consent form, they will attend the online study at the online location (i.e. University of Victoria
Zoom).

Once the participants arrive to the study, we will follow the general script for the study (Appendix 02 — Overview of Workshop
Script).

The participants will be reminded that they will be audio recorded for the duration of the study. The participants will also be
reminded that they need to share their screen and that their screen will be recorded for the duration of the study. Participants will
be reminded that they will be required to remove any personal identifying information (e.g., close email applications or websites,
turn off chat applications, etc.) from their computer screen.

1. For the first part of the study, the participants will be asked to use the Empirical Standards tool to help them review a research
paper. The link to the Empirical Standards tool will be provided. The participant will then submit the review of the research paper.

2. For the second part of the study, the participants will be asked to complete a survey (Appendix 04 — Draft of Survey) hosted on
SurveyMonkey in order to share their opinion of the Empirical Standards tool.

3. For the last part of the study, the participants will participate in a facilitated discussion where all the participants will express
their opinions of the Empirical Standards tool.

The principal applicant will be online over the whole duration of the study. The audio from the study will be recorded and later-on
transcribed into text. The principal applicant will take digital notes during the study. The audio, surveys, and the reviews will be
stored on the principal applicant’'s Uvic OneDrive Account.

c. Where will participation take place for each data collection method/procedure?
Provide specific location (e.g. UVic classroom, private residence, participant's workplace). Clarify the locations for each participant
group and/or each data collection method.

Participant's workplace, home, or a place where they are comfortable attending the online workshop.

d. For each method, and in total, how much time will be required of participants?
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Clarify this for each participant group, each data collection method, and any other research related activities.

3 hours in total:

- Participants reviewing a research paper using the tool and submitting that review of the research paper.
- Participants completing a survey evaluating the tool.

- Participants having a group discussion evaluating the tool.

e. Will participation take place during participants' office work/hours or instructional time?

No

2. Data collection materials checklist

Data collection methods checklist

® Standardized instrument

& Survey

O Questionnaire

& Interview and/or focus group questions

& Observation protocols

O Other

Please make sure that you have uploaded all the documents relevant to this section. Add any other documents that you think may be
relevant to this section.

Where draft versions are appended please ensure that final versions are submitted when available. If final versions differ significantly
after you have obtained research ethics approval, you will need to submit a Request for Modification.

Supporting documents

Appendix_06_Description of the Tool and Instructions To Use The Tool_CC_v2.pdf
(Data collection instrument, Name: A06- Description of Tool and Instruction, Version: V2); M 11, 2022

Appendix_05_Protocol_CC_v2.pdf (Data collection instrument, Name: A05 - Protocol of Study, Version: V2); M 11, 2022

Appendix_04_Draft_Survey_ CC_v2.pdf (Data collection instrument, Name: A04 - Draft of Survey, Version: V2); M 11, 2022

Appendix_02_Overview_of_Workshop_Script_CC_v2.pdf
(Data collection instrument, Name: A02 - Overview of Workshop Script, Version: V2); M 11, 2022

M. Possible benefits, inconveniences, and risks of harm to participants

1. Benefits

Identify any potential or known benefits associated with participation and explain below
Keep in mind that the anticipated benefits should outweigh any potential risks.

O To the participants
O To society
& To the state of knowledge

Please explain

Will provide a deep understanding of whether the tool can help Software Engineering Ph.D students with reviewing other
individuals' research papers.

2. Inconveniences

Identify and describe any known or potential inconveniences to participants
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Consider all potential inconveniences, including total time devoted to the research.

No inconveniences apart from time commitment of maximum 3 hrs.

3. Level of risk

The TCPS 2 article 6.12 definition of "minimal risk research" is as follows: 'Research in which the probability and magnitude of possible
harms implied by participation in the research is no greater than those encountered by the participant in those aspects of their everyday
life that relate to the research.’'

Based on this definition, do you believe your research qualifies as 'minimal risk research'?

[ves |

Explain your answer with reference to the risks of the study and the vulnerability of the participants

| Participants are being asked to volunteer around 3 hours of their time. |

4. Estimate of risks of harm

Potential risks of harm Very unlikely Possibly Likely
a. Emotional or psychological discomfort, such as feeling demeaned or ®

embarrassed due to the research

b. Fatigue or stress 4

c. Social risks, such as stigmatization, loss of status, privacy and/or reputation 4

d. Physical risk such as falls 4

e. Economic risks (e.g. job security, salary loss, etc.) 4

f. Risk of incidental findings (see article 3.4 of the TCPS 2 for more information) 4

g. Other risks 4

Consider the inherent foreseeable risks associated with your research protocol and complete the table below by selecting the options
that best fit the potential risks listed below. Be sure to take into account the vulnerability of your target population(s) if applicable.

If other risks, please specify

5. Possible risks of harm

If you indicated in item 4 (a) to (g) that any risks of harm are possible or likely, please explain below

a. What are the risks?
I.e. elaborate on risks you have identified above.

b. What will you do to try to minimize, mitigate, or prevent the risks?

c. How will you respond if the harm occurs?
l.e. what is your plan?

d. If you have indicated that there is a risk of incidental findings in item 4 (f), please outline your proposed protocol for information and
Jor action
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e. If one of your participant groups could be considered vulnerable, please describe any specific considerations you have built into the
protocol to address this
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6. Risk to researcher(s)

Does this research study pose any risks to the researchers, assistants and data collectors?

|No

7. Deception

Will participants be fully informed of everything that will be required of them prior to the start of the researcher session?

| Yes

If not, complete the Request to use Deception form on the ORS website

N. Incentives, reimbursement and compensation

1.Is there any incentive, monetary or otherwise, being offered for participation in the research (e.qg. gifts, honorarium, course credits,
etc.)?

| Yes

Explain the nature of each incentive and why you consider it necessary
Also consider whether the amount or nature of the incentive could be considered a form of undue inducement or affect the
voluntariness of consent. Clarify which participant groups will be provided with which incentives.

| $20 Amazon Gift Cards may be offered to this participant group in order to attract more participants to the study.

2. Is there any reimbursement or compensation for participating in the research (e.g. for transportation, parking, childcare, etc.)?

[vo

3. Explain what will happen to the incentives, reimbursement or compensation if participants withdraw during data collection or any time
thereafter

E.g. compensation will be pro-rated, full compensation will be given, etc.

If the participant withdraws from the study they will get 100% of the incentive. This will ensure that participants are not forced or
will not feel forced or coerced in any way to complete the study.

O. Free and informed consent

Consent encompasses a process that begins with initial contact and continues through to the end of the research process.
Consult article 3.2 of the TCPS 2 and appendix V of the guidelines for further information.

1. Participant's capacity (competence) to provide free and informed consent

Capacity refers to the ability of prospective or actual participants to understand relevant information presented about a research project,
and to appreciate the potential consequences of their decision to participate or not participate. See the TCPS 2, chapter 3, section C
for further information.

Identify your potential participants (check all that apply)

a. Competent

& i) Competent adults

O i) A protected or vulnerable population (e.g. inmates, patients)

O iii) Competent youth aged 13 to 18
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O iv) Competent children under 13 (who are able to provide fully informed consent)
b. Non-competent

O i) Non-competent adults

O i) Non-competent youth

O iii) Non-competent children (young children and/or children with limited abilities to provide fully informed consent)

2. Means of obtaining and documenting consent and/or assent:

Check all that apply
When completing this section make sure that you consider all of your participant groups, upload copies of relevant materials and
complete section O3.

& Signed consent
Upload consent form(s) in section O.5 or section S - see template.
O Verbal consent
O Letter of information for implied consent (e.g. anonymous, mail back or web-based survey)
O Signed or verbal assent for non-competent participants
O Other means
O Consent will not be obtained
O Signed consent from the parents/guardians for youth/child participants

O Information letters for the parents/guardians of youth/child participants

3. Informed consent

Describe the exact steps (chronological order) that you will follow in the process of explaining, obtaining, and documenting informed
consent

Ensure that consent procedures for all participant groups are identified (e.g. group 1 - teachers, group 2 - parents, group 3 - students).
Be sure to indicate when participants will first be provided with the consent materials (e.g. prior to first meeting with the researcher?). If
consent will not be obtained, explain why not with reference to the TCPS 2 articles 3.5 and 3.7.
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We will send an Invitation to Moderator of a Social Media channel (APPENDIX 08 - Email to Moderator - Social Media) to get
permission to post about the study in their channel or we will send an Invitation to Moderator of a Listserv (APPENDIX 09 - Email
to Moderator - Listserv) to ask about sending an email about the study to all students (as an example: engn-announce-
bounces@lists.uvic.ca). With the moderator's permission we will send out or post information about the study (APPENDIX 07 -
Posting of the Study). Interested parties will be asked to contact us via email. Potential participants will be sent an Invitation to
Participate (APPENDIX 01 - Email Invitation to Participants) via email with a Signed Consent Form (APPENDIX 03 - Signed
Consent Form) attached. The participants who choose to participate will be asked to complete the Signed Consent Form and
send the signed consent form back. The participant will only be allowed to participate in the study if they've signed the consent
form.

4. Ongoing consent

Will your research occur over multiple occasions or an extended period of time (including review of transcripts)?

No

5. Participant's right to withdraw

Article 3.1 of the TCPS 2 states that participants have the right to withdraw at any time and can withdraw their data and human
biological materials.

a. Describe what participants will be told about their right to withdraw from the research at any time (i.e., who to contact and how)
If compensation is involved, explain what participants will be told about compensation if they withdraw. If you have different participant
groups and/or different data collection methods, clarify the different procedures for withdrawing as necessary.

Participants will be told through the signed consent form (APPENDIX 03 - Signed Consent Form) that they may stop participating
in the study at any point without explanation.
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b. What will happen to a person's data if they withdraw part way through the study or after the data have been collected/submitted?

If applicable, include information about visual data such as photos or videos. If you have different participant groups and/or different
data collection methods, clarify the different procedures for withdrawing as necessary. Ensure this information is included in the consent
documents.

O Participant will be asked if they agree to the use of their data

& 1t will not be used in the analysis and will be destroyed

O It is logistically impossible to remove individual participant data (e.g. anonymously submitted data)

O When linked to group data (e.g. focus group discussions), it will be used in summarized form with no identifying information
Please make sure that you have uploaded all the documents relevant to this section. Add any other documents that you think may be
relevant to this section.

Where draft versions are appended please ensure that final versions are submitted when available. If final versions differ significantly
after you have obtained research ethics approval, you will need to submit a Request for Modification.

Supporting documents

Appendix_03_Signed_Consent_Form_CC_v2.pdf
(Consent/assent form, Name: A03 - Signed Consent Form, Version: V2); M 11, 2022

P. Anonymity and confidentiality

1. Anonymity

Anonymity means that no one, including the principal investigator, is able to associate responses or other data with individual
participants.

a. Will the participants be anonymous in the data gathering phase of research?

[vo |

b. Will the participants be anonymous in the dissemination of results (be sure to consider use of video, photos)?

[ves |

2. Confidentiality

Confidentiality means the protection of the person's identity (anonymity) and the protection, access, control and security of their data
and personal information during the recruitment, data collection, reporting of findings, dissemination of data (if relevant) and after the
study is completed (e.g. storage). The ethical duty of confidentiality refers to the obligation of an individual or organization to safeguard
entrusted information. The ethical duty of confidentiality includes obligations to protect information from unauthorized access, use,
disclosure, modification, loss or theft.

a. Are there any limits to protecting the confidentiality of participants?

Yes, there are some limits to the researcher's ability to protect the confidentiality of participants (check all that apply)

E.g. focus groups. The researcher cannot guarantee confidentiality.

& Limits due to the nature of group activities

The nature or size of the sample from which participants are drawn makes it possible to identify individual participants (e.g. school
principals in a small town, position within an organization).

O Limits due to context

The procedures for recruiting or selecting participants may compromise the confidentiality of participants (e.g. participants are identified
or referred to the study by a person outside the research team).

O Limits due to selection

E.g. legal or professional.

O Limits due to legal requirements for reporting
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E.g. when there will be data storage in the United States. When using USA based data instruments and data storage systems
researchers are responsible for determining if this applies.

& Limits due to local legislation such as the U.S. Freedom Act
O Other
b. If confidentiality will be protected, describe the procedures to be used to ensure the anonymity of participants and for preserving the

confidentiality of their data (e.g. pseudonyms, changing identifying information and features, coding sheet, etc.)
If you will use different procedures for different participant groups and/or different data methods be sure to clarify each procedure.
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The workshop is done within a group setting, so the researcher cannot guarantee confidentiality.

However, after the study, the participant's data will be access restricted, password protected, anonymized and will be kept
confidential. The researchers are the only ones who will have access to this data. Any identifying information will be removed or
generalized so that it is not possible to link the information back to the participant before the public dissemination of results.

c. If there are limits to confidentiality indicated in section P.2.a, explain what the limits are and how you will address them with the
participants

If there are different procedures for different participant groups and/or different data collection methods, be sure to clarify each
procedure.

The workshop is done within a group setting, so the researcher cannot guarantee confidentiality. The participants will be made
aware that this study is a group setting in the signed consent form, thus, they will know that their confidentiality cannot be
guaranteed.

In addition, this research study includes data storage in the U.S. As such, there is a possibility that information about the
participant that is gathered for this research study may be accessed without the participant's knowledge or consent by the U.S.
government in compliance with the U.S. Patriot Act. The participant will be made aware of this information in the signed consent
form.

Q. Data management

1. Use(s) of data

a. What use(s) will be made of all types of data collected (field notes, photos, videos, audiotapes, transcripts, etc.)?

The data will be used to identify the problems that arise when Software Engineering Ph.D students use the Empirical Standards

to describe study findings. As part of our commitment to open science, study instruments and anonymized results will be available
online for replication purposes.

tool. The problems will be noted in order to make improvements to the tool. The data will be anonymized, analyzed, and then used

b. Will your research data be analyzed, now or in future, by yourself for purposes other than this research project?

o

c. Will your research data be analyzed, now or in future, by other persons for purposes other than explained in this application?

o

2. Commercial purposes

Do you anticipate that this research will be used for a commercial purpose?

(o

3. Maintenance and disposal of data

Describe your plans for protecting data during the project, and for preserving, archiving, or destroying all the types of data associated
with the research (e.g. paper records, audio or visual recordings, electronic recordings, coded data) after the research is completed:

a. Means of storing and securing data
E.g. encryption, password protected computer files, locked cabinet, separation of key codes from raw data etc.

The participant's confidentiality and the confidentiality of their data will be access restricted and password protected. The
participant's information will be anonymized and will be kept confidential. The researchers are the only ones who will have access
to this data.
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All of the data will be stored on a University of Victoria Microsoft Office 365 OneDrive Account. OneDrive is built on the Microsoft
Office 365 hyper-scale, enterprise-grade cloud, which delivers advanced security and compliance capabilities. The data is
encrypted in transit and at rest. All OneDrive files in the University of Victoria Microsoft 365 account are stored in Canada,
however, some automated processing may occur outside of Canada. After conducting the interviews, the data will be stripped of
any confidential information and stored in a private Github Repository. All notes will be taken digitally and stored in the Uvic
OneDrive account as well.
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b. Location of storing data
Include location of data-storage servers if using web-based technology.

Electronic Information: All OneDrive files in the University of Victoria Microsoft 365 account are stored in

Canada, however, some automated processing may occur outside of Canada. Email correspondence will be saved on the
University of Victoria email servers. Data stored on Github may have servers located U.S.A. and may be accessed under the US
Patriot Act.

c. Duration of data storage
If data will be kept indefinitely, explain why this is necessary and state whether the data will contain identifiers or links to identifiers.

| Two years.

d. Methods of destroying or archiving data
If archiving data, please describe measures to secure or protect the data. If the archiving will involve a third party (e.g. library,
community agency, Aboriginal band, etc.) please provide details.

| Electronic Information: Data and backups will be deleted from the repository.

4. Dissemination

How do you anticipate disseminating the research results? (check all that apply)

& Thesis/dissertation/class presentation

@ Presentations at scholarly meetings

& Internet (students: most UVic theses are posted on 'UVicSpace' and can be accessed by the public)
O Media (e.g. newspaper, radio, TV)

O Directly to participants and/or groups involved

& Published article, chapter or book

O Other

R. Conflict of interest

1. Apart from a declared dual-role relationship (section K.3), are you or any of the research team members in a perceived, actual or
potential conflict of interest regarding this research project (e.g. partners in research, private interests in companies or other entities)?

No

S. List of uploaded documents

Review the document requirements list and the uploaded documents to ensure that you have all the applicable documents. Make sure
to remove all duplicates. Upload appendices as individual documents, instead of clustering appendices under one attachments.
Incomplete applications and applications with incorrectly uploaded appendices will not be reviewed. You will be notified in this case.

App. Section Descriptive  File Type of Date File
version name name document uploaded versic
TCPS 2: . Other Nov 18, 2021 Versi
V1.2 G CORE tcps2_core_certificate.pdf approval 7:17:48 AM 1
AO1 -
Email " . - " )
ot Appendix_01_Email_Invitation_To_Participants_CC_v2. Recruitment  Mar 11, 2022
viz K phvitation pf document  2:14:19PM V2
Participants
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V1.2 K
V1.2 K.
V1.2 K
V1.2 L
V1.2 L
V1.2 L
V1.2 L.
V1.2 o

A08 -
Email to
Moderator
Social
Media

A09 -
Email to
Moderator
Listserv

AO7 -
Posting of
Study

A06-
Description
of Tool

and
Instruction

A0S -
Protocol of
Study

A04 - Draft
of Survey

A02 -
Overview

of
Workshop
Script

A03 -
Signed
Consent
Form

Appendix_08_Email_To_Moderator_Social_Media_CC_v2.
pdf

Appendix_09_Email_To_Moderator_Listserv_CC_v2.pdf

Appendix_07_Posting_of _Study CC_v2.pdf

Appendix_06_Description of the Tool and Instructions To
Use The Tool_CC_v2.pdf

Appendix_05_Protocol_CC_v2.pdf

Appendix_04_Draft_Survey_CC_v2.pdf

Appendix_02_Overview_of_Workshop_Script_CC_v2.pdf

Appendix_03_Signed_Consent_Form_CC_v2.pdf

Recruitment
document

Recruitment
document

Recruitment
document

Data
collection
instrument

Data
collection
instrument

Data
collection
instrument

Data
collection
instrument

Consent
/assent form

Mar 11, 2022
2:15:12 PM

Mar 11, 2022
2:15:42 PM

Mar 11, 2022
2:16:23 PM

Mar 11, 2022
2:18:08 PM

Mar 11, 2022
2:18:37 PM

Mar 11, 2022
2:19:01 PM

Mar 11, 2022
2:19:31 PM

Mar 11, 2022
2:20:29 PM
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V2

V2

V2

V2

V2

V2

V2

T. Signatory/Departmental sign-off

Select the Chair/Director/Dean or their designate to sign-off on this application for submission. Once signed-off, the application will be
submitted to the Human Research Ethics Board for review.

By signing-off the application, the signatory is affirming that adequate research infrastructure is available for the conduct and completion

of this research project.

Signatory name

Sudhakar Ganti
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A.11 Ethics - HREB Application Approval - Session 2
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5 University | Research Administration
of Victoria | Information System

Human Research Ethics Standard Application #21-0586

Summary

Study amendments summary

I. Instructions

NOTE: If your protocol is within 2 months of expiry, please delete this form and start the “Annual renewal with amendment” form
instead, in case the protocol expires before the amendment is approved.

1. Complete the "Amendment summary and rationale” and "Unanticipated events" sections

2. Make changes to the application below

3. Mark changes to all amended appendices; delete old versions of appendices and upload new and amended appendices
4. Make sure you have the correct signatory/departmental head

5. Submit

Il. Amendment summary and rationale

Provide a brief summary of all the changes you are proposing to make with a rationale why you need to make the proposed changes

NEW UPDATES:

1. Changing how the participants will be recruited. They will now be recruited via Twitter.

2. Changed from signed consent form to obtaining implied consent. The reason being is that physically signing a physical consent
form may be difficult for Ph.D. and master's students to achieve without a printer or tablet. A physical signature on a PDF creates
a possible obstacle for students.

3. Changed incentive from a $20 Amazon gift card to a $60 Amazon Gift Card.

4. Changed duration of data storage from 2 years to 5 years.

PREVIOUS UPDATES:

Some of the materials accessed by the participants during the study will be stored on Google Drive.

More in-depth summary of how the participants will be recruited .

More in-depth summary of the materials used during the study(ex. pdfs of: the presentation, the survey, etc.).

lll. Unanticipated events (TCPS 2 Article 6.15)

An unanticipated event includes any incidents, experiences, or outcomes that have not been previously accounted for in the approved
protocol and which place participants, or others, at a greater risk (i.e. physical, psychological, economic, etc.) than was previously
anticipated. An unanticipated event may have implications for the conduct of the study or the integrity of the research data.

Have there been any unanticipated events experienced with this research that have not previously been reported to HREB?

No

Application

A. Research team

1. Principal investigator (faculty, faculty supervising a student or post-doctoral researcher)

Principal Investigator is a faculty member, adjunct professor or sessional instructor. For more information please see the annotated
guidelines.
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If the project has more than one Principal Investigator (other than you) or more than one Principal Applicant, their names should be
listed under section A.3 Research Team Members.

Pl name

| Margaret-Anne Storey |

PI department
PI department. If more than one department, the department you are doing the research for.

| Computer Science COSI |

PI position
PI position at UVic

| Faculty |

2. Principal applicant (students & post-docs)

For further information about the distinction between the Principal Investigator and Principal Applicant, please see the annotated
guidelines.

A Principal Applicant is an undergraduate student, graduate student or post-doctoral fellow who will be the lead researcher (for their
thesis, dissertation, project, etc.) for this study. A Principal Applicant will be granted "View and edit" access by default, and will receive
notifications related to the study. If the project has more than one Principal Applicant, the additional individuals should be listed under
section A.3 Research Team Members.

Does this application have a principal applicant (UVic student or post-doc conducting this research for their academic degree)?

| Yes |

PA name

| Cassandra Cupryk |

PA email

| cassandra.cupryk@gmail.com |

PA department

| Computer Science COSI |

PA position

| Master's student |

PA phone

| 4632017203 |

PA graduate secretary's email (if the principal applicant is a graduate student. Leave blank otherwise.)

| gradsec@csc.uvic.ca |

Is the principal applicant conducting this research for their academic degree at UVic?

| Yes |

3. Research team members

Individuals and organizations involved in conducting your research. This includes co-principal investigators, additional principal
applicants, co-investigators, other UVic students, assistants (paid or unpaid), community organizations, and clients. Team members
listed will have "no access" to application as a default. You cannot assign access to team members without Netlink ID. If they need a
Netlink ID go to the Affiliate Identity Management System and click on the 'Sponsor' tab to start the process. Once you get the Netlink
ID you have to re-enter their name and give access permission to the application.
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List all current research team members (including any UVic students or research assistants who will use the received data or biological
materials to fulfill UVic thesis, dissertation, or academic requirements) and assign level of access to the application. Inclusion here
satisfies only UVic institutional requirements. If you grant "View and Edit" access to more than one person, be aware that the system
will not notify users if and when others are making edits to the application.

DO NOT add the PI or PA to this table as that will cause technical permission issues.

Access: & View and edit project @ View only 3% Receive notifications $ Contribute funding

Name Email Role in the project g%ﬁﬂ;ﬂ%nal f @® % $
; larios. . .

Enrique e p Professor Collaborator, help with research (planning :

Larios zggas@gmall. the methodology, theme coding, etc.) Uvic O O O O
Cassandra cpetrach@uvic.  Staff Collaborator: lab manager, helping with data ; v

Petrachenko ca analysis Uvic & s = =
Alessandra amilani@uvic. Student Collaborator: helping with research (theme -

Milani ca coding, etc.) Uvic O O S S

paulralph@dal. Dalhousie
Paul Ralph ca Collaborator University O O 0 @]

B. Project information

1. Project title
Title for your research project. You may not submit two applications with the same title.

Evaluating A Software Engineering Empirical Standards Tool

2. Anticipated duration of the project

a. Anticipated start date for recruitment/data collection

The approximate start date to begin recruitment and data collection for your project should take into account the time it will take to
complete and submit this application form and the period of four to six weeks required for ethical review. It is a violation of University of
Victoria policy to begin recruitment and data collection before receiving HREB ethics approval.

| Upon Approval |

b. Anticipated end date for your research project
An approximate end date for recruitment and data collection.

| December 2022 |

3. Is this application linked to one that has been recently submitted to the UVic Human Research Ethics Board?

o |

4. Geographic location(s) of the study

| Victoria, British Columbia |

5. Keywords to categorize your research

Software Empirical |:| |:|
Engineering Research

C. Project funding

1. Have you and/or research team members (their names must be listed under section A. Research team) applied for or been awarded
funding for this project?

This information is used to permit the release of funds and to ensure proper reporting of research ethics approval to funding agencies.
Please ensure the information in this table is correct.

No
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2. Will this project receive funding from the US National Institute of Health (NIH)?

No

3. If you are a faculty member and have indicated above that you have applied for external funding, have you submitted a Research
Application Summary Form to the Grants or Contracts unit in the Office of Research Services?

You must submit a research application summary form to the grants or contracts office every time you apply for external funding.
Provide explanation, if you haven't done so.

| Not applicable |

Comments

D. Multi-jurisdictional research

1. Will this research be conducted under the auspices of another academic institution or health authority in BC (e.g. recruiting through
their sites/departments/listservs/poster placement, etc.; involving staff, patients, health records; research team member affiliation)? The
checklist may be useful, if unsure.

Research Ethics BC harmonized review (a single coordinated review with the other institution(s) listed) applies if A) you will be
conducting research under the auspices of any of the institutions listed in REBC website (involving staff, patients, health records, sites
and/or recruitment through their sites, including recruitment via poster placement), and/or B) when members of your research team
consist of faculty, staff and students from any of the REBC institution(s).

o |

2. Does the proposed research require Research Ethics Board (REB) approval from outside BC?

[no |

3. If this is a multi-jurisdictional research, please indicate your role in the research project (Check all that apply).
If you answered "Yes" to question D.1 please STOP completing this form and contact HRE office ethics@uvic.ca, 250-472-4321 or 250-
472-4545 as soon as possible.

O Recruiting Participants

O Collecting data

O Analyzing data (with or without identifiers collected by you and/or your UVic research team members)

O Analyzing data that contain identifiers: data to be collected by non-UVic research team members as outlined in this application

O Analyzing data that does not contain identifiers: data to be collected by non-UVic research team members as outlined in this
application

O Dissemination of results via publications, reports, conferences, internet, etc.
O Other

4. Additional information

There is no multi-jurisdictional research.

Recruitment of students will be done on Twitter.

E. Other approvals and consultations

1. If additional request(s) for permission/approval are required please complete the section below (check all that apply)

4/21



143

Yes, Yes, will No
Other approvals and consultations approval provide as approval
uploaded received required
a. School district, superintendent, principal, teacher ~
b. Health authorities outside BC involving staff, patients, health records, sites and/or ®
recruitment through their sites (including recruitment via poster placement)
c. Other regional government authority ~
d. Community group (e.g. formal organization, informal collective) ~
e. UVic Biosafety Committee approval ~
f. Other approval ~

Please upload proof of having made request(s) for permission or any permission/approval documents that you received. Please forward
approvals upon receiving them. Be assured that ethics approval may be granted prior to receipt of external approvals.

Comments

F. Scholarly review

1. What type of scholarly review has this research project undergone?

O External peer review (e.g. granting agency)

& Supervisory committee or supervisor - required for all student research projects
O None

O Other

G. Researcher(s) qualifications

1. In light of your research methods, the nature of the research, and the characteristics of the participants, what training, qualifications,
or personal experiences do the principal investigator, the principal applicant, and/or your research team members have?

E.g. research methods course, language proficiency, committee experience, training on the equipment to be used.

Cassandra Cupryk, the principal applicant, has completed a variety of courses focusing on human computer interaction, research
strategies, and study design. Her course work has prepared her to carry out the proposed study. This research will be conducted
as a part of her Master's Project.

The project supervisor Dr. Margaret-Anne Storey and her collaborator Dr. Paul Ralph are both renowned for their outstanding
work in computer science and software engineering research. They both have extensive experience supervising empirical studies.

2. Tri-Council Policy Statement - TCPS2 CORE Tutorial requirements

All UVic graduate students conducting research with human participants for their UVic project, thesis or dissertation are required to
complete the Course on Research Ethics (CORE Tutorial) and provide evidence of ethics training by uploading a CORE completion
certificate under this section.

List all current UVic graduate students (also listed under A.2 and A.3) involved in this research project for their UVic project, thesis or
dissertation, and upload their Course on Research Ethics (CORE) tutorial certificate(s), if available. This CORE certification is required
as of September 1, 2020 for new applications - see the human research ethics web page for more information.

Name Email Role in the project CORE tutorial completion date

Cassandra Cupryk ccupryk@uvic.ca PA June 5 2021

Supporting documents

tcps2_core_certificate.pdf (Other approval, Name: TCPS 2: CORE, Version: Version 1); N 18, 2021
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Comments

H. Research Involving the First Nations, Inuit and Métis Peoples of Canada

The TCPS2 (chapter 9) is designed to serve as a framework for the ethical conduct of research involving Aboriginal (including First
Nations, Inuit and Métis) or Indigenous peoples, regardless of where they reside or whether or not their names appear on an official
register. Its purpose is to ensure, to the extent possible, that research involving Indigenous peoples is premised on respectful
relationships and encourages collaboration and engagement between researchers and participants.

This Policy acknowledges the role of the community in shaping the conduct of research that affects First Nations, Inuit, and Métis
peoples. The nature and extent of community engagement should be determined through discussion with, and under the advisement of,
the relevant community, taking into account relevant characteristics and protocols and the nature of the research.

The University of Victoria Indigenous Plan recognizes that research with Indigenous communities or involving Indigenous peoples must
be conducted in a respectful and culturally appropriate manner, following protocols regarding entering community sites, engaging with
communities, Elders and Knowledge Keepers, acknowledging cultural knowledge and cultural property, and disseminating research
findings.

1. Conditions of the research

a. Will you be conducting research that is situated on any of the following kinds of lands or waterways: First Nation reserves, Indigenous
settlements, Indigenous lands under self-government agreements, territories with Indigenous land claims agreements, or other lands
designated by Federal, Provincial, or local governments as Indigenous territory?

[no |

b. Do any of the criteria for participation include belonging to an Indigenous nation, community, group of communities, or organization,
including urban Indigenous populations?

[no |

c. Does the research seek input from participants regarding Indigenous cultural heritage, cultural practices, artifacts, Indigenous or
traditional knowledges, or distinct characteristics of Indigenous experience or reality?

[no |

d. Will Indigenous identity or membership in an Indigenous community or group (e.g. Métis Nation) be used as a variable for the
purposes of analysis?

[vo |

e. Will the results of the research make specific reference to Indigenous communities, homelands and/or waterways, peoples,
languages, histories or cultures?

[vo |

2. Indigenous engagement

a. Processes and protocols for engagement differ across communities, organizations, committees, and groups, as well as across
different research contexts. Describe the process that you have followed with respect to Indigenous engagement.

Include any documentation of collaboration (e.g. formal research agreement, letter of approval, email communications, advisory
committee, mentorship, etc.) and the role or position of those consulted (e.g. Elder, Knowledge Holder, governing body, Chief, etc.),
including their names, if appropriate.

Not applicable.

b. Explain how Indigenous community members will be meaningfully involved throughout the research process, from research design to
knowledge sharing.

Outline the plan, as developed with the community, for the outcomes of the research, including research data ownership, sharing,
storage, and governance.

Not applicable.
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c. If you have answered "yes" to any of the questions in H.1 but have not yet engaged with the community, committee, organization, or
group, please explain why not and outline how you plan to conduct a study that respects Indigenous communities and participants in
the absence of prior engagement.

3. Comments

I. International research

1. Will this study be conducted in a country other than Canada?

No

J. Description of research project

1. Briefly describe in non-technical language

a. The research objective(s) and question(s)

We aim to understand whether the Empirical Standards Tool can help Computer Science Ph.D and Master's students students
better review research papers.

b. The importance and contributions of the research

The Empirical Standards tool is a website composed of multiple online checklists with essential information that would provide
guidance to Computer Science Ph.D and Master's students when they are reviewing research papers.

The major contribution of this research is to discover whether the Empirical standards tool can help Computer Science Ph.D and
Master's students review research papers. This information can then be used to improve the Empirical Standards tool so that the
tool can better serve Computer Science Ph.D and Master's students.

c. If applicable, provide background information or details that will enable the Research Ethics Board to understand the context of the
dy when reviewing the application

2]
=
c

This research will be conducted as part of a Master's Project of the principal applicant at the University of Victoria. The research
information will be accessed only by the researchers.

K. Recruitment

1. Participant details
Provide details of your participants

a. Briefly describe the target population(s) for recruitment
Ensure that all participant groups are identified (e.g. group 1 - teacher, group 2 - administrators, group 3 - parents).

Computer Science Master's and Ph.D. students

b. Why is each population or group of interest?

The tool is aimed to primarily help Computer Science Master's and Ph.D. students who are currently looking to improve how they
review research papers.

c. What are the salient characteristics of the participants for your study (e.g. age, gender, ethnicity, class, position, etc.)?
List all inclusion and exclusion criteria you are using.

Computer Science Master's and Ph.D. students who are currently looking to improve how they review research papers.
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d. What is the desired number of participants for each group?
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5-12 participants

2. Recruitment and process
Provide details of your recruitment process

a. List all source for information used to contact potential participants
E.g. personal contacts, listserves, publicly available contact information, etc. Clarify which sources will be used for which participant
groups.

Computer Science Master's and Ph.D. Students will be recruited via Twitter.

b. List all methods of recruitment

E.g. in-person, by telephone, letter, snowball sampling, word-of-mouth, advertisement, etc. If you will be using "snowball* sampling,
clarify how this will proceed (i.e. will participants be asked to pass on your study information to other potential participants?). Clarify
which methods will be used for which participant groups.

Study Protocol
Recall that this study is being conducted under the supervision of Dr. Margaret-Anne Storey.
Before the study

Firstly, we will be tweeting a tweet (Appendix_09_Tweet_of_Study) that includes the information of the study on Cassandra
Cupryk’s twitter account. The tweet (Appendix_09_Tweet_of_Study) includes a link and QR code to a Microsoft Form (Appendix
06 — Microsoft Form). Any students that are interested in the study will fill out the form. We will then send an email (Appendix 10 —
Email to the Participants and Consent Form) as well as a calendar invitation for the study’s Zoom meeting to the participants who
have filled out the Microsoft Form. In the email/consent form, we will inform the participants that they imply their consent to
participate in the study by attending the study on the outlined date and time.

During the study

For the entirety of the online study, we will present the presentation (Appendix_03_Presentation) alongside the script
(Appendix_02_Script).

At one point of the study, the participants who came to the study will be sent the survey (Appendix_04_Survey) via email. The
emails of the participants will be obtained from the spreadsheet of emails
(Appendix_07_Example_of_List_of_Emails_Collected_from_Microsoft_Form) generated from the Microsoft Form
(Appendix_06_Microsoft_Form).

First part of the study

review the 2 research papers and then they will download the reviews to their devices. These reviews will be in the form of .txt
files. They will then copy and paste the text from the text files to the survey. If the participants forget what to do in Section 1, the
video of the demo (Appendix_08_Link_to_Demo_Video_in_Google_Drive) will be linked in Section 1 of the survey
(Appendix_04_Survey). Sections 2 to 7 of the survey are a number of questions allowing the participants to express their opinions
of the Empirical Standards tool.

Second part of the study
For the second part of the study, the students will have an open discussion with everyone in the study about their opinions of the
study.

For section 1 of the survey, the participants will need to read 2 research papers. They will then use the Empirical Standards tool to

c. If you will be using personal and/or private contact information to contact potential paticipants (as stated above), have the potential
participants given permission for this, or will you use a neutral third party to assist you with recruitment?

Note that this is not a concern when public and/or business contact information is used.

| We will rely on a tweet on Twitter to interact with the students.

d. Who will recruit/contact participants?
E.g. researcher, assistant, third party, etc. Clarify this for each participant group.

| A tweet on Twitter.

e. List and explain any relationship between the members of the research team (including third party recruiters or sponsors/clients of
the research) and the participant(s) (e.g. acquaintances, colleagues)
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Complete section 3 (Power relationship) if there is potential for a power relationship or a perceived power relationship (e.g. instructor-
student, manager-employee, etc.). If you have a close relationship with potential participants (e.g. family member, friend, close
colleague, etc.) clarify the safeguards that you will put in place to mitigate any potential pressure to participate.
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The investigators have no known relationship with any of the participants, but may be supervisors of the students or teaching
them courses.

f. In chronological order (if possible) describe the steps in the recruitment process
Include how you will screen potential participants, where applicable. Consider where in the process permission of other bodies may be
required.

Study Protocol
Recall that this study is being conducted under the supervision of Dr. Margaret-Anne Storey.
Before the study

Firstly, we will be tweeting a tweet (Appendix_09_Tweet_of_Study) that includes the information of the study on Cassandra
Cupryk’s twitter account. The tweet (Appendix_09_Tweet_of_Study) includes a link and QR code to a Microsoft Form (Appendix
06 — Microsoft Form). Any students that are interested in the study will fill out the form. We will then send an email (Appendix 10 —
Email to the Participants and Consent Form) as well as a calendar invitation for the study’s Zoom meeting to the participants who
have filled out the Microsoft Form. In the email/consent form, we will inform the participants that they imply their consent to
participate in the study by attending the study on the outlined date and time.

During the study

For the entirety of the online study, we will present the presentation (Appendix_03_Presentation) alongside the script
(Appendix_02_Script).

At one point of the study, the participants who came to the study will be sent the survey (Appendix_04_Survey) via email. The
emails of the participants will be obtained from the spreadsheet of emails
(Appendix_07_Example_of_List_of_Emails_Collected_from_Microsoft_Form) generated from the Microsoft Form
(Appendix_06_Microsoft_Form).

First part of the study

For section 1 of the survey, the participants will need to read 2 research papers. They will then use the Empirical Standards tool to
review the 2 research papers and then they will download the reviews to their devices. These reviews will be in the form of .txt
files. They will then copy and paste the text from the text files to the survey. If the participants forget what to do in Section 1, the
video of the demo (Appendix_08_Link_to_Demo_Video_in_Google_Drive) will be linked in Section 1 of the survey
(Appendix_04_Survey). Sections 2 to 7 of the survey are a number of questions allowing the participants to express their opinions
of the Empirical Standards tool.

Second part of the study
For the second part of the study, the students will have an open discussion with everyone in the study about their opinions of the
study.

Please upload all the supporting documents relevant to the recruitment methods identified in this section

Examples of supporting documents: email recruitment script, poster, invitation letter, etc. Where draft versions are uploaded please
ensure that final versions are submitted when available. If final versions differ significantly after you have obtained research ethics
approval, you will need to submit a Request for Amendment.

Supporting documents

Appendix_06_Microsoft_Form_CC_v4.pdf (Recruitment document, Name: A06 - Microsoft Form, Version: v4); J 6, 2022

Appendix_07_Example_of_List_of_Emails_Collected_from_Microsoft_Form_CC_v4.xIsx
(Recruitment document, Name: A7 - Ex. Information from Microsoft Form, Version: v4); J 6, 2022

Appendix_09_Tweet_of Study_CC_v4.docx (Recruitment document, Name: A9 - Tweet of Study, Version: v4); J 6, 2022

3. Power relationship (dual-role and power-over)

If you are completing this section, please refer to the guidelines for ethics in dual-role research for teachers and other practitioners and
the TCPS2, article 3.1 and article 7.4.

Are you or any of your co-researchers in any way in a power relationship, including dual-roles, that could influence the voluntariness of
a participant's consent? Could you or any of your co-researchers potentially be perceived to be in a power relationship by potential
participants?
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Examples of "power relationships" include teachers-students, therapists-clients, supervisors-employees and possibly researcher-
relative or researcher-close-friend where elements of trust or dependency could result in undue influence.
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| Varies

Describe below

a. The nature of relationship

| Possible teacher-student

b. Why it is necessary to conduct research with participants over whom you have power relationship

The student of the professor may see the advertisement for the study on accident, since the advertisement of the study will be
publicly available on Twitter.

c. What safeguards (steps) will be taken to ensure voluntariness and minimize undue influence, coercion or potential harm

| state in the consent form (A10 - Email to Participants/Consent Form), the following:

There are no known or anticipated risks to you by participating in this research. Research

participation is voluntary and you are under no obligation to participate. In addition, choosing to participate or not to participate will
not affect your grades, your standing, or your relationships, etc. (as appropriate). The study will be completed in an online setting
where other Computer Science Master’s and Ph.D. students and study investigator(s) will be present.

d. How the power or dual-role relationship and associated safeguards will be explained to potential participants

| state in the consent form (A10 - Email to Participants/Consent Form), the following:

There are no known or anticipated risks to you by participating in this research. Research

participation is voluntary and you are under no obligation to participate. In addition, choosing to participate or not to participate will
not affect your grades, your standing, or your relationships, etc. (as appropriate). The study will be completed in an online setting
where other Computer Science Master’'s and Ph.D. students and study investigator(s) will be present.

L. Data collection methods

1. Data collection methods

Use the following sections in ways best suited to explain your project. If you have more than one participant group, be sure to explain
which participant group(s) will be involved in which activity/activities or method(s).

If this research will/may include in-person activities during the global pandemic, you must fulfill the requirements supporting in-person
research with human participants. Please complete relevant section of the application and appendices with the information outlined in
the current UVic Human Research Ethics COVID-19 Bulletin, under the human research ethics webpage.

a. Which of the following methods will be used to collect data? Check all that apply

If this research will/may include in-person activities during the global pandemic, you must fulfill the requirements supporting in-person
research with human participants. Please complete relevant section of the application and appendices with the information outlined in
the current UVic Human Research Ethics COVID-19 Bulletin, under the human research ethics webpage.

® i) Interviewing participants
O In person
O By telephone
& Conducting group interviews or discussions (including focus group)
& Using web-based technology
Explain and provide the name of the web-based technology or technologies (e.g., Skype, Bluejeans, etc.). For more information on

platforms, programs, security, etc. when conducting research with participants virtually see the UVic FAQ and the U.S. Freedom
Act advisory below.
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If using a web program (online surveys, video conferencing etc.) with a server located in the United States (e.g. SurveyMonkey), or
if there are other reasons that the data will be stored in the US (e.g. use of US-based cloud technology, sharing data with US
colleagues, etc.), you must inform participants that their responses may be accessed via the U.S. Freedom Act. Please add the
following to the consent form(s): "Please be advised that this research study includes data storage in U.S.A. As such, there is a
possibility that information about you that is gathered for this research study may be accessed without your knowledge or consent
by the U.S. government, in compliance with the U.S. Freedom Act.”

Audio and video data will recorded via Zoom.

A facilitated discussion will be done during the study and may use software such as Miro, etc.

Google drive will be used in order to store some of the materials for the study and will be accessed by the participants:
- The 2 PDFs for the research papers

- The video demo on how to complete Section 1 of the survey

If this research will/may include in-person activities during the global pandemic, you must fulfill the requirements supporting in-person
research with human participants. Please complete relevant section of the application and appendices with the information outlined in
the current UVic Human Research Ethics COVID-19 Bulletin, under the human research ethics webpage.

@ i) Administering a questionnaire or survey
O In person
O By telephone
O Email
O Mail back
& Web-based

Explain and provide the name of the web-based technology or technologies (e.g., SurveyMonkey), and see the U.S. Freedom Act
advisory below.

If using a web program (online surveys, video conferencing etc.) with a server located in the United States (e.g. SurveyMonkey), or
if there are other reasons that the data will be stored in the US (e.g. use of US-based cloud technology, sharing data with US
colleagues, etc.),you must inform participants that their responses may be accessed via the U.S. Freedom Act. Please add the
following to the consent form(s): "Please be advised that this research study includes data storage in U.S.A. As such, there is a
possibility that information about you that is gathered for this research study may be accessed without your knowledge or consent
by the U.S. government, in compliance with the U.S. Freedom Act."

Survey will administered using SurveyMonkey.

O Other
& iii) Administering a computerized task (describe in section L.1b and/or upload documents)

@ iv) Observing participants. In section L.1b describe who and what will be observed. Include where observations will take place. If
applicable, upload an observational collection sheet for review.

® v) Recording of participants and data
& Audio
& Video
How are the video images going to be used?
& Images used for analysis
O Images used in disseminating results (include release to use participant images' in consent materials)
O Photos or slides
& Note taking
O Flipcharts
O Data collection sheets (upload)

O Other

Refers to information/data that was originally gathered for a purpose other than the proposed research and is now being considered for
use in research (e.q. patient or school records, personal writings, lesson plans, etc.).
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O vi) Using human samples (e.g. saliva, urine, blood, hair)

O vii) Using specialized equipment/machines (e.g. ultrasound, EEG, prototypes, etc.) or other (e.g. testing instruments that are not
surveys or questionnaires)

O viii) Using other testing equipment not captured under other categories

E.g. artifacts, paintings, drawings, photos, slides, art, journals, writings, etc.
& ix) Collecting materials supplied by, or produced by, the participants

Please specify

- We will be asking the students to complete a review for each research paper and upload the reviews to the survey. We'll
then collect the surveys completed by the students.

Refers to information/data that was originally gathered for a purpose other than the proposed research and is now being considered for
use in research (e.g. patient or school records, personal writings, lesson plans, etc.).

O x) Analyzing secondary data or secondary use of data
O xi) Other

b. Provide a sequential description of the procedures/methods to be used in your research study

Be sure to provide details for all methods checked in section L.1. Clarify which procedures/methods will be used for each participant
group. Indicate which methods, if any, will be conducted in a group setting. List all of the research instruments and interview/focus
group questions, and append copies (if possible) or detailed descriptions of all instruments. If not yet finalized, provide drafts or sample
items/questions..

If using a web program (online surveys, video conferencing etc.) with a server located in the United States (e.g. SurveyMonkey), or if
there are other reasons that the data will be stored in the US (e.g. use of US-based cloud technology, sharing data with US colleagues,
etc.),you must inform participants that their responses may be accessed via the U.S. Freedom Act. Please add the following to the
consent form(s): "Please be advised that this research study includes data storage in U.S.A. As such, there is a possibility that
information about you that is gathered for this research study may be accessed without your knowledge or consent by the U.S.
government, in compliance with the U.S. Freedom Act."

Study Protocol
Recall that this study is being conducted under the supervision of Dr. Margaret-Anne Storey.
Before the study

Firstly, we will be tweeting a tweet (Appendix_09_Tweet_of_Study) that includes the information of the study on Cassandra
Cupryk’s twitter account. The tweet (Appendix_09_Tweet_of_Study) includes a link and QR code to a Microsoft Form (Appendix
06 — Microsoft Form). Any students that are interested in the study will fill out the form. We will then send an email (Appendix 10 —
Email to the Participants and Consent Form) as well as a calendar invitation for the study’s Zoom meeting to the participants who
have filled out the Microsoft Form. In the email/consent form, we will inform the participants that they imply their consent to
participate in the study by attending the study on the outlined date and time.

During the study

For the entirety of the online study, we will present the presentation (Appendix_03_Presentation) alongside the script
(Appendix_02_Script).

At one point of the study, the participants who came to the study will be sent the survey (Appendix_04_Survey) via email. The
emails of the participants will be obtained from the spreadsheet of emails
(Appendix_07_Example_of_List_of_Emails_Collected_from_Microsoft_Form) generated from the Microsoft Form
(Appendix_06_Microsoft_Form).

First part of the study

For section 1 of the survey, the participants will need to read 2 research papers. They will then use the Empirical Standards tool to
review the 2 research papers and then they will download the reviews to their devices. These reviews will be in the form of .txt
files. They will then copy and paste the text from the text files to the survey. If the participants forget what to do in Section 1, the
video of the demo (Appendix_08_Link_to_Demo_Video_in_Google_Drive) will be linked in Section 1 of the survey
(Appendix_04_Survey). Sections 2 to 7 of the survey are a number of questions allowing the participants to express their opinions
of the Empirical Standards tool.

Second part of the study
For the second part of the study, the students will have an open discussion with everyone in the study about their opinions of the
study.
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c. Where will participation take place for each data collection method/procedure?
Provide specific location (e.g. UVic classroom, private residence, participant's workplace). Clarify the locations for each participant
group and/or each data collection method.

Participant's workplace, home, or a place where they are comfortable attending the online workshop.

d. For each method, and in total, how much time will be required of participants?
Clarify this for each participant group, each data collection method, and any other research related activities.

3 hours in total:

- Participants reviewing 2 research papers using the tool and submitting the reviews of the 2 research papers.
- Participants completing a survey evaluating the tool.

- Participants having a group discussion evaluating the study.

e. Will participation take place during participants' office work/hours or instructional time?

No

2. Data collection materials checklist

Data collection methods checklist

® Standardized instrument

& Survey

O Questionnaire

® Interview and/or focus group questions

& Observation protocols

O Other

Please make sure that you have uploaded all the documents relevant to this section. Add any other documents that you think may be
relevant to this section.

Where draft versions are appended please ensure that final versions are submitted when available. If final versions differ significantly
after you have obtained research ethics approval, you will need to submit a Request for Modification.

Supporting documents

Appendix_01_Description_of_Tool_and_Instructions_To_Use_Tool_CC_v3.pdf
(Data collection instrument, Name: Al - Description &amp; Instructions of Tool, Version: V3); J 7, 2022

Appendix_02_Script_CC_v3.pdf (Data collection instrument, Name: A2 - Script, Version: V3); J 7, 2022

Appendix_03_Presentation_CC_v3.pdf (Data collection instrument, Name: A3 - Presentation, Version: V3); J 7, 2022

Appendix_04_Survey_CC_v3.pdf (Data collection instrument, Name: A4 - Survey, Version: V3); J 7, 2022

Appendix_08_Link_to_Demo_Video_in_Google_Drive_CC_v4.docx
(Data collection instrument, Name: A08 - Link to Demo Video in Google Drive, Version: v4); J 6, 2022

Appendix_05_Protocol_CC_v4.docx (Data collection instrument, Name: A5 - Protocol of Study, Version: v4); J 7, 2022

M. Possible benefits, inconveniences, and risks of harm to participants

1. Benefits

Identify any potential or known benefits associated with participation and explain below
Keep in mind that the anticipated benefits should outweigh any potential risks.

O To the participants
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O To society
& To the state of knowledge

Please explain

Will provide a deep understanding of whether the tool can help Software Engineering Ph.D students with reviewing other
individuals' research papers.

2. Inconveniences

Identify and describe any known or potential inconveniences to participants
Consider all potential inconveniences, including total time devoted to the research.

No inconveniences apart from time commitment of maximum 3 hrs.

3. Level of risk

The TCPS 2 article 6.12 definition of "minimal risk research" is as follows: '‘Research in which the probability and magnitude of possible
harms implied by participation in the research is no greater than those encountered by the participant in those aspects of their everyday
life that relate to the research.’

Based on this definition, do you believe your research qualifies as 'minimal risk research'?

[ves |

Explain your answer with reference to the risks of the study and the vulnerability of the participants

| Participants are being asked to volunteer around 3 hours of their time. |

4. Estimate of risks of harm

Consider the inherent foreseeable risks associated with your research protocol and complete the table below by selecting the options
that best fit the potential risks listed below. Be sure to take into account the vulnerability of your target population(s) if applicable.

Potential risks of harm Very unlikely Possibly Likely
a. Emotional or psychological discomfort, such as feeling demeaned or ®

embarrassed due to the research

b. Fatigue or stress 4

c. Social risks, such as stigmatization, loss of status, privacy and/or reputation 4

d. Physical risk such as falls 4

e. Economic risks (e.g. job security, salary loss, etc.) 4

f. Risk of incidental findings (see article 3.4 of the TCPS 2 for more information) 4

g. Other risks 4

If other risks, please specify

5. Possible risks of harm

If you indicated in item 4 (a) to (g) that any risks of harm are possible or likely, please explain below

a. What are the risks?
l.e. elaborate on risks you have identified above.

b. What will you do to try to minimize, mitigate, or prevent the risks?
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c. How will you respond if the harm occurs?
l.e. what is your plan?

d. If you have indicated that there is a risk of incidental findings in item 4 (f), please outline your proposed protocol for information and
/or action

e. If one of your participant groups could be considered vulnerable, please describe any specific considerations you have built into the
protocol to address this

6. Risk to researcher(s)

Does this research study pose any risks to the researchers, assistants and data collectors?

o |

7. Deception

Will participants be fully informed of everything that will be required of them prior to the start of the researcher session?

| Yes |

If not, complete the Request to use Deception form on the ORS website

N. Incentives, reimbursement and compensation

1.Is there any incentive, monetary or otherwise, being offered for participation in the research (e.g. gifts, honorarium, course credits,
etc.)?

| Yes |

Explain the nature of each incentive and why you consider it necessary
Also consider whether the amount or nature of the incentive could be considered a form of undue inducement or affect the
voluntariness of consent. Clarify which participant groups will be provided with which incentives.

| $60 Amazon Gift Cards may be offered to this participant group in order to attract more participants to the study. |

2. Is there any reimbursement or compensation for participating in the research (e.g. for transportation, parking, childcare, etc.)?

[no |

3. Explain what will happen to the incentives, reimbursement or compensation if participants withdraw during data collection or any time
thereafter

E.g. compensation will be pro-rated, full compensation will be given, etc.

If the participant withdraws from the study they will get 100% of the incentive. This will ensure that participants are not forced or
will not feel forced or coerced in any way to complete the study.

O. Free and informed consent

Consent encompasses a process that begins with initial contact and continues through to the end of the research process.
Consult article 3.2 of the TCPS 2 and appendix V of the guidelines for further information.

1. Participant's capacity (competence) to provide free and informed consent

Capacity refers to the ability of prospective or actual participants to understand relevant information presented about a research project,
and to appreciate the potential consequences of their decision to participate or not participate. See the TCPS 2, chapter 3, section C
for further information.
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Identify your potential participants (check all that apply)

a. Competent

& i) Competent adults

O i) A protected or vulnerable population (e.g. inmates, patients)

O iii) Competent youth aged 13 to 18

O iv) Competent children under 13 (who are able to provide fully informed consent)
b. Non-competent

O i) Non-competent adults

O ii) Non-competent youth

O iii) Non-competent children (young children and/or children with limited abilities to provide fully informed consent)

2. Means of obtaining and documenting consent and/or assent:

Check all that apply
When completing this section make sure that you consider all of your participant groups, upload copies of relevant materials and
complete section O3.

O Signed consent

O Verbal consent

& Letter of information for implied consent (e.g. anonymous, mail back or web-based survey)
Upload information letter in section O.5 or section S - see template.

O Signed or verbal assent for non-competent participants

O Other means

O Consent will not be obtained

O Signed consent from the parents/guardians for youth/child participants

O Information letters for the parents/guardians of youth/child participants

3. Informed consent

Describe the exact steps (chronological order) that you will follow in the process of explaining, obtaining, and documenting informed
consent

Ensure that consent procedures for all participant groups are identified (e.g. group 1 - teachers, group 2 - parents, group 3 - students).
Be sure to indicate when participants will first be provided with the consent materials (e.g. prior to first meeting with the researcher?). If
consent will not be obtained, explain why not with reference to the TCPS 2 articles 3.5 and 3.7.
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Study Protocol
Recall that this study is being conducted under the supervision of Dr. Margaret-Anne Storey.
Before the study

Firstly, we will be tweeting a tweet (Appendix_09_Tweet_of_Study) that includes the information of the study on Cassandra
Cupryk’s twitter account. The tweet (Appendix_09_Tweet_of_Study) includes a link and QR code to a Microsoft Form (Appendix
06 — Microsoft Form). Any students that are interested in the study will fill out the form. We will then send an email (Appendix 10 —
Email to the Participants and Consent Form) as well as a calendar invitation for the study’s Zoom meeting to the participants who
have filled out the Microsoft Form. In the email/consent form, we will inform the participants that they imply their consent to
participate in the study by attending the study on the outlined date and time.

During the study

For the entirety of the online study, we will present the presentation (Appendix_03_Presentation) alongside the script
(Appendix_02_Script).

At one point of the study, the participants who came to the study will be sent the survey (Appendix_04_Survey) via email. The
emails of the participants will be obtained from the spreadsheet of emails
(Appendix_07_Example_of_List_of_Emails_Collected_from_Microsoft_Form) generated from the Microsoft Form
(Appendix_06_Microsoft_Form).
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First part of the study

For section 1 of the survey, the participants will need to read 2 research papers. They will then use the Empirical Standards tool to
review the 2 research papers and then they will download the reviews to their devices. These reviews will be in the form of .txt
files. They will then copy and paste the text from the text files to the survey. If the participants forget what to do in Section 1, the
video of the demo (Appendix_08_Link_to_Demo_Video_in_Google_Drive) will be linked in Section 1 of the survey
(Appendix_04_Survey). Sections 2 to 7 of the survey are a number of questions allowing the participants to express their opinions
of the Empirical Standards tool.

Second part of the study
For the second part of the study, the students will have an open discussion with everyone in the study about their opinions of the
study.

4. Ongoing consent

Will your research occur over multiple occasions or an extended period of time (including review of transcripts)?

No

5. Participant's right to withdraw

Article 3.1 of the TCPS 2 states that participants have the right to withdraw at any time and can withdraw their data and human
biological materials.

a. Describe what participants will be told about their right to withdraw from the research at any time (i.e., who to contact and how)
If compensation is involved, explain what participants will be told about compensation if they withdraw. If you have different participant
groups and/or different data collection methods, clarify the different procedures for withdrawing as necessary.

Participants will be told through the Email to Partipants/Consent Form (APPENDIX 10 - Email to Participants/Consent Form) that
they may stop participating in the study at any point without explanation.

b. What will happen to a person's data if they withdraw part way through the study or after the data have been collected/submitted?

If applicable, include information about visual data such as photos or videos. If you have different participant groups and/or different
data collection methods, clarify the different procedures for withdrawing as necessary. Ensure this information is included in the consent
documents.

O Participant will be asked if they agree to the use of their data

& 1t will not be used in the analysis and will be destroyed

O Itis logistically impossible to remove individual participant data (e.g. anonymously submitted data)

O When linked to group data (e.g. focus group discussions), it will be used in summarized form with no identifying information
Please make sure that you have uploaded all the documents relevant to this section. Add any other documents that you think may be
relevant to this section.

Where draft versions are appended please ensure that final versions are submitted when available. If final versions differ significantly
after you have obtained research ethics approval, you will need to submit a Request for Modification.

Supporting documents

Appendix_10_Email_Invitation_To_Participants_and_Consent_Form_CC_v4.docx
(Consent/assent form, Name: A10-Email to Participants/Implied Consen, Version: v4); J 7, 2022

P. Anonymity and confidentiality

1. Anonymity

Anonymity means that no one, including the principal investigator, is able to associate responses or other data with individual
participants.

a. Will the participants be anonymous in the data gathering phase of research?

No
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b. Will the participants be anonymous in the dissemination of results (be sure to consider use of video, photos)?

Yes

2. Confidentiality

Confidentiality means the protection of the person's identity (anonymity) and the protection, access, control and security of their data
and personal information during the recruitment, data collection, reporting of findings, dissemination of data (if relevant) and after the
study is completed (e.g. storage). The ethical duty of confidentiality refers to the obligation of an individual or organization to safeguard
entrusted information. The ethical duty of confidentiality includes obligations to protect information from unauthorized access, use,
disclosure, modification, loss or theft.

a. Are there any limits to protecting the confidentiality of participants?

Yes, there are some limits to the researcher's ability to protect the confidentiality of participants (check all that apply)

E.g. focus groups. The researcher cannot guarantee confidentiality.

& Limits due to the nature of group activities

The nature or size of the sample from which participants are drawn makes it possible to identify individual participants (e.g. school
principals in a small town, position within an organization).

O Limits due to context

The procedures for recruiting or selecting participants may compromise the confidentiality of participants (e.g. participants are identified
or referred to the study by a person outside the research team).

O Limits due to selection

E.g. legal or professional.

O Limits due to legal requirements for reporting

E.g. when there will be data storage in the United States. When using USA based data instruments and data storage systems
researchers are responsible for determining if this applies.

& Limits due to local legislation such as the U.S. Freedom Act
O Other
b. If confidentiality will be protected, describe the procedures to be used to ensure the anonymity of participants and for preserving the

confidentiality of their data (e.g. pseudonyms, changing identifying information and features, coding sheet, etc.)
If you will use different procedures for different participant groups and/or different data methods be sure to clarify each procedure.

The workshop is done within a group setting, so the researcher cannot guarantee confidentiality.

However, after the study, the participant's data will be access restricted, password protected, anonymized and will be kept
confidential. The researchers are the only ones who will have access to this data. Any identifying information will be removed or
generalized so that it is not possible to link the information back to the participant before the public dissemination of results.

c. If there are limits to confidentiality indicated in section P.2.a, explain what the limits are and how you will address them with the
participants

If there are different procedures for different participant groups and/or different data collection methods, be sure to clarify each
procedure.

The workshop is done within a group setting, so the researcher cannot guarantee confidentiality. The participants will be made
aware that this study is a group setting in the signed consent form, thus, they will know that their confidentiality cannot be
guaranteed.

In addition, this research study includes data storage in the U.S. As such, there is a possibility that information about the
participant that is gathered for this research study may be accessed without the participant's knowledge or consent by the U.S.
government in compliance with the U.S. Patriot Act. The participant will be made aware of this information in the signed consent
form.

Q. Data management

1. Use(s) of data
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a. What use(s) will be made of all types of data collected (field notes, photos, videos, audiotapes, transcripts, etc.)?

157

The data will be used to identify the problems that arise when students use the Empirical Standards tool. The problems will be
noted in order to make improvements to the tool. The data will be anonymized, analyzed, and then used to describe study
findings. As part of our commitment to open science, study instruments and anonymized results will be available online for
replication purposes.

b. Will your research data be analyzed, now or in future, by yourself for purposes other than this research project?

o

c. Will your research data be analyzed, now or in future, by other persons for purposes other than explained in this application?

|No

2. Commercial purposes

Do you anticipate that this research will be used for a commercial purpose?

(o

3. Maintenance and disposal of data

Describe your plans for protecting data during the project, and for preserving, archiving, or destroying all the types of data associated
with the research (e.g. paper records, audio or visual recordings, electronic recordings, coded data) after the research is completed:

a. Means of storing and securing data
E.qg. encryption, password protected computer files, locked cabinet, separation of key codes from raw data etc.

The participant's confidentiality and the confidentiality of their data will be access restricted and password protected. The
participant's information will be anonymized and will be kept confidential. The researchers are the only ones who will have access
to this data.

All of the data will be stored on a University of Victoria Microsoft Office 365 OneDrive Account. OneDrive is built on the Microsoft
Office 365 hyper-scale, enterprise-grade cloud, which delivers advanced security and compliance capabilities. The data is
encrypted in transit and at rest. All OneDrive files in the University of Victoria Microsoft 365 account are stored in Canada,
however, some automated processing may occur outside of Canada. After conducting the interviews, the data will be stripped of
any confidential information and stored in a private Github Repository. All notes will be taken digitally and stored in the Uvic
OneDrive account as well.

In addition, the following materials are stored on a Google Drive and will be accessed by the participant during the study:
* PDFs of 2 research papers
« A video on how to complete one of the sections of the survey

b. Location of storing data
Include location of data-storage servers if using web-based technology.

Electronic Information: All OneDrive files in the University of Victoria Microsoft 365 account are stored in

Canada, however, some automated processing may occur outside of Canada. Email correspondence will be saved on the
University of Victoria email servers. Data stored on Github may have servers located U.S.A. and may be accessed under the US
Patriot Act.

c. Duration of data storage
If data will be kept indefinitely, explain why this is necessary and state whether the data will contain identifiers or links to identifiers.

| Five years.

d. Methods of destroying or archiving data
If archiving data, please describe measures to secure or protect the data. If the archiving will involve a third party (e.qg. library,
community agency, Aboriginal band, etc.) please provide details.

| Electronic Information: Data and backups will be deleted from the repository.

4. Dissemination

How do you anticipate disseminating the research results? (check all that apply)
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& Thesis/dissertation/class presentation

& Presentations at scholarly meetings

& Internet (students: most UVic theses are posted on 'UVicSpace' and can be accessed by the public)
O Media (e.g. newspaper, radio, TV)

O Directly to participants and/or groups involved

& Published article, chapter or book

O Other

R. Conflict of interest

1. Apart from a declared dual-role relationship (section K.3), are you or any of the research team members in a perceived, actual or
potential conflict of interest regarding this research project (e.g. partners in research, private interests in companies or other entities)?

No

S. List of uploaded documents

Review the document requirements list and the uploaded documents to ensure that you have all the applicable documents. Make sure
to remove all duplicates. Upload appendices as individual documents, instead of clustering appendices under one attachments.
Incomplete applications and applications with incorrectly uploaded appendices will not be reviewed. You will be notified in this case.

App. : Descriptive File Type of
version Section name name document
TCPS 2: e Other
V2.2 G. CORE tcps2_core_certificate.pdf approval
Al -
Description Data
V2.2 L. &amp; Appendix_01_Description_of_Tool_and_lInstructions_To_Use_Tool_CC_v3.pdf collection
Instructions instrument
of Tool
Data
V2.2 L. A2 - Script Appendix_02_Script_CC_v3.pdf collection
instrument
V22 L A3 Appendix_03_P ion_CC_v3.pdf collect
. . ppendix_03_Presentation_CC_v3.p collection
Presentation instrument
Data
V2.2 L. A4 - Survey  Appendix_04_Survey_CC_v3.pdf collection
instrument
AO08 - Link
to Demo Data
V2.2 L. Video in Appendix_08_Link_to_Demo_Video_in_Google_Drive_CC_v4.docx collection
Google instrument
Drive
V2.2 K ﬁ/l?c?n;soft Appendix_06_Microsoft_Form_CC_v4.pdf Recruitmel
. ' Form PP - - VP document
A7 - Ex.
Information Appendix_07_Example_of_List_of_Emails_Collected_from_Microsoft_Form_CC_v4. Recruitmel
V2.2 K. from xlsx document
Microsoft
Form
A9 - Tweet . Recruitmel
V2.2 K of Study Appendix_09_Tweet_of_Study_CC_v4.docx document
A10-Email
o : : - . Consent
V2.2 0. Participants  Appendix_10_Email_Invitation_To_Participants_and_Consent_Form_CC_v4.docx / tf
/implied assent for
Consen
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A5 - Data
V2.2 L. Protocol of Appendix_05_Protocol_CC_v4.docx collection
Study instrument

T. Signatory/Departmental sign-off

Select the Chair/Director/Dean or their designate to sign-off on this application for submission. Once signed-off, the application will be
submitted to the Human Research Ethics Board for review.

By signing-off the application, the signatory is affirming that adequate research infrastructure is available for the conduct and completion
of this research project.

Signatory name

Sudhakar Ganti
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