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Assessments
Criteria for passing this course 

• Hand-in at least 3 out of 4 assignments 

• Complete all commentaries 

• Have two one-on-one meetings with Chat at the beginning and at the end of the course 

6 chatw.ch/orm



An Overview of Computer Science Research Methods 

Session 1: Locating research 
methodology
Chat Wacharamanotham
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Learning outcomes
Course participants can 

❏ analyze substantive, conceptual, methodological aspects of research 

❏ roughly explain the onion model (first iteration) 

❏ explain the first set of research quality criteria (generalizability, precision, realism) 

❏ explain the continuum of qualitative-quantitative data and processing procedures 

❏ apply these concepts to analyze own research

8 chatw.ch/orm



McGrath’s analysis of research
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Substantive 
Content worthy of attention

Conceptual 
Ideas that give meaning to 
our results

Methodological 
Techniques that are useful 
to conduct research



10 Saunders et al. (2016) Research Methods for Business Students
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Towards an Explicit Research Methodology: Adapting Research Onion Model 

up a distinct research design. In order to develop a coherent futures research design it is crucial 
to identify the logical steps which would link epistemological and ontological assumptions with 
research methods and ways to interpret the findings. 

Research Onion as a Model of Designing Research Methodology  
Methodology is a general research strategy which delineates the way how research should 

be undertaken. It includes a system of believes and philosophical assumptions which shape the 
understanding of the research questions and underpin the choice of research methods. Research 
methodology is an integral part of a dissertation or thesis which helps to ensure the consistency 
between chosen tools, techniques and underlying philosophy.

One of the ways of research methodology construction is based on theoretical concept of 
“research onion” (Figure 1), proposed by Saunders et al. (2016). The research onion provides a 
rather exhausting description of the main layers or stages which are to be accomplished in order to 
formulate an effective methodology (Raithatha, 2017). 

The research methodology has its starting point with delineation of the main philosophy, 
choosing approaches, methods and strategies as well as defining time horizons, which altogether 
take the research logic to the research design – main techniques and procedures of data collection 
and analysis (Figure 1).
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Figure 1. Research onion1

The research onion consists of six main layers:

1. Research philosophy – forms a basis of the research by delineation of ontology – nature of 
reality, epistemology – nature, sources of knowledge or facts and axiology – values, beliefs 
and ethics of the research.
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communities and support networks. Currently, atheists are
among the least trusted groups in American society (Gervais,
Shariff, & Norenzayan, 2011) and are bound to experience some
increased level of rumination and unhappiness due to the prob-
lem of social exclusion. However, Atheism and secularism have
increased in recent years (WIN-Gallup International, 2012), and
the divergence in happiness between believers and nonbelievers
may decrease as Atheism becomes more normative. Indeed,
nonreligious people are equally happy as religious people in non-
religious nations (i.e., where they fit in; Diener et al., 2011), and
increasing the perceived prevalence of atheism can decrease
anti-atheist prejudice (Gervais, 2011). In other words, increases
in happiness among nonbelievers should parallel increases in the
availability of secular social support resources and increased
feelings of being respected in society, both of which facilitate
increased happiness. Future research measuring Twitter activity
in specific regions or nations (e.g., using self-reported location
information along with geotagged information about the precise
latitude and longitude of tweets) is encouraged to examine
questions related to person–culture fit.

It is important to note that there may be other mediators
and variables that account for the relationship between reli-
gion and happiness that are not captured by these particular
analyses. For example, religion may help provide a meaning

system to believers that resolves existential issues and helps
buffer against anxiety (Inzlicht, Tullett, & Good, 2011),
which is consistent with previous evidence that having pur-
pose or meaning in life also mediates the association between
religion and happiness (Diener et al., 2011). Here, proclivity
for analytic thinking could hurt or help well-being. Atheists
may come to some unpleasant conclusions on existential
issues through analytical thinking, but they may also derive
happiness and meaning from science as an elegant system
of explanation (Preston, 2011; Preston & Epley, 2009). Addi-
tionally, because we measured associations among these vari-
ables simultaneously, we must be very cautious in interpreting
causality. The associations reported may indeed be mutually
reinforcing and could have causal influences opposite the
directions modeled here. For example, having a strong social
support network and meaningful relationships may cause hap-
piness, but being happy also causes people to have better
social relationships (Lyubomirsky et al., 2005). Future
research could address these limitations of causal inference
by including time as a variable, or by complementing Twitter
analyses with traditional laboratory-based research methods
that afford more experimental control.

The present studies demonstrated powerful effects by
accessing millions of messages available on Twitter. This

Figure 2. Top 30 differences in usage for words within the LIWC insight dictionary. To create this visualization, we first calculated the
percentage usage of each word within the LIWC insight dictionary for both Christian and atheist followers. We next subtracted the atheist
follower percentage from the Christian follower percentage for each word. Finally, we selected the 30 most divergent words for visualization:
15 representing those used relatively more often by Christian followers and 15 representing those used relatively more often by atheist
followers. The sizes of the circles are scaled to represent overall word usage. The color of the circles and their position along the x-axis are
scaled to represent relative word usage among Christian and atheist followers. Values indicate the number of mentions per 100,000 words,
Christian Count–atheist Count. LIWC ¼ Linguistic Inquiry and Word Count

Ritter et al. 5
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CONTINUUM OF RESEARCH PARADIGMS (SELECTED 3 DIMENSIONS)

13

Figure 9.1 Quantitative and Qualitative Research as a Multidimensional Continuum (Adapt-

ed From Niglas, 2004b) 

This conceptualization of research methodology can be elaborated by deconstructing research designs into 

methodological components such as purposes, strategy, sampling, data collection, data analysis, and infer-

ences. Concrete methods and techniques belonging to any of the methodological components can be placed 

along the continuum from purely qualitative to purely quantitative orientation (Niglas, 2004a). Alternatively, 

methodological components of a research project can be characterized by using a number of properties, each 

forming a separate continuum. 

Teddlie and Tashakkori (2009) have identified the most important of these properties of methodological com-

ponents in generating an elaborated framework they call the “multidimensional continuum of research pro-

Sage
© 2010 by SAGE Publications, Inc.

Sage Research Methods

Page 12 of 33 SAGE Handbook of Mixed Methods in Social & Behavioral Research

Diagram from Niglas, K. (2010). The multidimensional model of research methodology. SAGE handbook of mixed methods in social & behavioral research, 215-236.
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Figure 9.1 Quantitative and Qualitative Research as a Multidimensional Continuum (Adapt-

ed From Niglas, 2004b) 

This conceptualization of research methodology can be elaborated by deconstructing research designs into 

methodological components such as purposes, strategy, sampling, data collection, data analysis, and infer-

ences. Concrete methods and techniques belonging to any of the methodological components can be placed 

along the continuum from purely qualitative to purely quantitative orientation (Niglas, 2004a). Alternatively, 

methodological components of a research project can be characterized by using a number of properties, each 

forming a separate continuum. 

Teddlie and Tashakkori (2009) have identified the most important of these properties of methodological com-

ponents in generating an elaborated framework they call the “multidimensional continuum of research pro-
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Sage Research Methods

Page 12 of 33 SAGE Handbook of Mixed Methods in Social & Behavioral Research

Diagram from Niglas, K. (2010). The multidimensional model of research methodology. SAGE handbook of mixed methods in social & behavioral research, 215-236.

Generalizability: The extent to which we can use the results 
of a research study (which is based on a relatively small set of 
specific observations) to form a general statement about a 
larger set of possible observations (different people, settings, 
times, measures, and characteristics other than those used in 
that study).

Objectivity: The extent to which the researchers are 
detached from the thing or people being studied

Confirmatory: The extent to which researchers are certain 
about specific outcomes prior to conducting the study

Some research projects might not aim for generalizability. 
Instead, they aim to provide detailed and rich descriptions 
of specific phenomena

In many situations, humanity may not have enough 
knowledge about the topic of research. Thus, researchers 
may approach the project without predefined answers or 
specific questions. Such projects are called exploratory.

Research studies that are concerned with human experiences 
may inevitably be subjective. The subjectivity could be in the 
study participants, the researchers, or both



AN ALTERNATIVE WAY TO THINK ABOUT QUAL VS. QUANT
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Raw data

• Selective

• Nonselective

Data processing 
procedure

• Qualitative

• Quantitative

Processed data

• Output from qualitative procedures

• Output from quantitative procedures

Wacharamanotham et al. (2020) dx.doi.org/10.1145/3313831.3376448

Selective raw data: Data collected at researchers’ discretion (e.g., field notes during ethnographic study)  

Nonselective raw data : Data collected without researcher discretion at the time of collection, (e.g., task 
completion times logged by software)

http://dx.doi.org/10.1145/3313831.3376448
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EXAMPLE

17 Olson et al. (2017) How People Write Together Now

• Collaboration behavior on Google Docs 

• Data: Interaction traces from 96 Google Docs from 

students’ work in a semester 

• Researchers group the traces into collaboration styles 

• These styles are then associated  with the writing 

quality rated by experts 

• Some collaboration styles yielded higher writing 

quality than others

https://doi.org/10.1145/3038919


EXAMPLE

18 Yeh et al. (2024) The Efects of Update Interval and Reveal Method on Writer Comfort in Synchronized Shared-Editors

• Collaboration behavior on Google Docs 

• Different update intervals are 

presented to the observers 

• Observers rate their experience (e.g., 

ability to follow updates, naturalness) 

• Results: Different strategies yielded 

different ratings

The E�ects of Update Interval and Reveal Method on 
Writer Comfort in Synchronized Shared-Editors 

Yen-Ting Yeh∗ Nikhita Joshi∗ Daniel Vogel 
y6yeh@uwaterloo.ca nvjoshi@uwaterloo.ca dvogel@uwaterloo.ca 

Cheriton School of Computer Science, Cheriton School of Computer Science, Cheriton School of Computer Science, 
University of Waterloo University of Waterloo University of Waterloo 

Canada Canada Canada 

or

or

or

or
Manual

Sentence 
delay

Character 
delay

Time 
delay

Real-time
Low

High

Update
strategy
controllability

(a) Writer’s view. (b) Observer’s view for different update strategies.

Figure 1: Strategies with di�erent update intervals: (a) writer’s view with a timer bar at the bottom; (b) observer’s view of 
di�erent update strategies. Yellow and purple tint illustrate updated text within one interval. Update intervals are ordered top 
to bottom by controllability (i.e., how much direct control the writer has over the update). 
ABSTRACT 
Synchronized shared-editors like Google Docs allow people to write 
together, but there is no “privacy of writing” which can make writ-
ers feel uncomfortable. We propose methods to give writers more 
control over when and how their edits are shown to collaborators 
to increase comfort. These are in the form of di�erent update strate-
gies composed of an update interval and a reveal method. Results 
from an experiment with simulated observers show that alternative 
update strategies can be bene�cial, each having their own pros 
∗Both authors contributed equally to this research. 

Permission to make digital or hard copies of all or part of this work for personal or 
classroom use is granted without fee provided that copies are not made or distributed 
for pro�t or commercial advantage and that copies bear this notice and the full citation 
on the �rst page. Copyrights for components of this work owned by others than the 
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or 
republish, to post on servers or to redistribute to lists, requires prior speci�c permission 
and/or a fee. Request permissions from permissions@acm.org. 
CHI ’24, May 11–16, 2024, Honolulu, HI, USA 
© 2024 Copyright held by the owner/author(s). Publication rights licensed to ACM. 
ACM ISBN 979-8-4007-0330-0/24/05 
https://doi.org/10.1145/3613904.3642330 

and cons. A follow-up experiment with writer and observer pairs 
validates these �ndings and shows that observers are amenable to 
experiencing short delays caused by alternative update strategies. 
Our work shows that synchronous writing tools should support 
alternative update strategies that preserve both collaborator aware-
ness and writer comfort. 

CCS CONCEPTS 
• Human-centered computing ! Collaborative and social 
computing systems and tools; Interaction techniques. 

KEYWORDS 
Collaborative writing, Writer comfort, Synchronized shared-editors 
ACM Reference Format: 
Yen-Ting Yeh, Nikhita Joshi, and Daniel Vogel. 2024. The E�ects of Update 
Interval and Reveal Method on Writer Comfort in Synchronized Shared-
Editors. In Proceedings of the CHI Conference on Human Factors in Computing 
Systems (CHI ’24), May 11–16, 2024, Honolulu, HI, USA. ACM, New York, NY, 
USA, 13 pages. https://doi.org/10.1145/3613904.3642330 

https://doi.org/10.1145/3613904.3642330


EXAMPLE

19 Voelker, S., Øvergård, K. I., Wacharamanotham, C., & Borchers, J. (2015, November). Knobology revisited: A comparison of user performance between 
tangible and virtual rotary knobs. In Proceedings of the 2015 International Conference on Interactive Tabletops & Surfaces (pp. 35-38).

Conditions: 
• Eyes-on both control and output 
• Input is in the peripheral vision 
• Eyes-free from the input 

Measurements: 
• Movement time 
• Number of overshoots

https://doi.org/10.1145/2817721.2817725
https://doi.org/10.1145/2817721.2817725


EXAMPLE: SPOTIFY APP NAVIGATION

20King, R., Churchill, E. F., & Tan, C. (2017). Designing with data: Improving the user experience with A/B testing. O'Reilly Media, Inc.

Make it easier to discover features
We predict that by making the navigation of the application more 
prominent, more new users will retain past the second week 
because it is easier for them to discover more features in the 
application.

Figure 5-14 shows our experimentation framework now with the 
hypotheses outlined. 

FIGURE 5-14.
Spotify navigation example showing the two hypotheses that were being explored.

Experiment 1: Designing the hypotheses
Figure 5-15 shows two examples of designs the team created to repre-
sent the two hypotheses that they came up with and compares them to 
the control. Here you’ll see that in the treatment of the first hypothesis, 
the content of the navigation has changed, but the mechanism to get 
there (the “hamburger menu”) is still the same. We are just showing 
one treatment here for simplicity, but the team also tried different treat-
ments with different information architectures as well.

menu control which had fewer navigation items.  Two versions of the 
information architecture were being tested (remember in Chapter 4 
when we suggested you keep some of your old hypotheses in your back 
pocket?). In test cell A, the “Profile” page had been combined with the 
“Your Library” tab; in test cell B, “Radio” had been combined with the 
“Browse” tab.

FIGURE 5-17.
Design treatments for Experiment 2 showing the “hamburger” navigation con-
trol versus the two versions of the tabbed navigation.

EXPERIMENT 2: INFORMATION ARCHITECTURE

Control Cell A Cell B

Search Home Home

Home Browse Browse

Browse Search Search

Radio Radio Your Library

Your Library Your Library Profile

Now, all of this was being tested on iOS and on Android, and this time 
the new designs resulted in an improvement to second-week retention. 
Cell A had the added benefit of also increasing another proxy metric 
that the team cared about—and so it made sense to launch that one to 
all users. 

Conditions: Three designs

Measurement: Second week retention rate



EXAMPLE

We sent a questionnaire to authors of CHI 2018–19 papers 

• What types of research artifacts they generate? 

• If they share it, how? 

• If not, why?

21 Wacharamanotham et al. (2020). Transparency of CHI research artifacts: Results of a self-reported survey.

https://doi.org/10.1145/3313831.3376448


EXAMPLE

Video: Three versions of two white circles moving on black background 

For each version, note down whether you think…: 

• …that the right circle moved on its own 

• …that the left circle caused the right one to move

22
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information architecture were being tested (remember in Chapter 4 
when we suggested you keep some of your old hypotheses in your back 
pocket?). In test cell A, the “Profile” page had been combined with the 
“Your Library” tab; in test cell B, “Radio” had been combined with the 
“Browse” tab.

FIGURE 5-17.
Design treatments for Experiment 2 showing the “hamburger” navigation con-
trol versus the two versions of the tabbed navigation.
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Now, all of this was being tested on iOS and on Android, and this time 
the new designs resulted in an improvement to second-week retention. 
Cell A had the added benefit of also increasing another proxy metric 
that the team cared about—and so it made sense to launch that one to 
all users. 

The E�ects of Update Interval and Reveal Method on 
Writer Comfort in Synchronized Shared-Editors 

Yen-Ting Yeh∗ Nikhita Joshi∗ Daniel Vogel 
y6yeh@uwaterloo.ca nvjoshi@uwaterloo.ca dvogel@uwaterloo.ca 

Cheriton School of Computer Science, Cheriton School of Computer Science, Cheriton School of Computer Science, 
University of Waterloo University of Waterloo University of Waterloo 

Canada Canada Canada 
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(a) Writer’s view. (b) Observer’s view for different update strategies.

Figure 1: Strategies with di�erent update intervals: (a) writer’s view with a timer bar at the bottom; (b) observer’s view of 
di�erent update strategies. Yellow and purple tint illustrate updated text within one interval. Update intervals are ordered top 
to bottom by controllability (i.e., how much direct control the writer has over the update). 
ABSTRACT 
Synchronized shared-editors like Google Docs allow people to write 
together, but there is no “privacy of writing” which can make writ-
ers feel uncomfortable. We propose methods to give writers more 
control over when and how their edits are shown to collaborators 
to increase comfort. These are in the form of di�erent update strate-
gies composed of an update interval and a reveal method. Results 
from an experiment with simulated observers show that alternative 
update strategies can be bene�cial, each having their own pros 
∗Both authors contributed equally to this research. 

Permission to make digital or hard copies of all or part of this work for personal or 
classroom use is granted without fee provided that copies are not made or distributed 
for pro�t or commercial advantage and that copies bear this notice and the full citation 
on the �rst page. Copyrights for components of this work owned by others than the 
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or 
republish, to post on servers or to redistribute to lists, requires prior speci�c permission 
and/or a fee. Request permissions from permissions@acm.org. 
CHI ’24, May 11–16, 2024, Honolulu, HI, USA 
© 2024 Copyright held by the owner/author(s). Publication rights licensed to ACM. 
ACM ISBN 979-8-4007-0330-0/24/05 
https://doi.org/10.1145/3613904.3642330 

and cons. A follow-up experiment with writer and observer pairs 
validates these �ndings and shows that observers are amenable to 
experiencing short delays caused by alternative update strategies. 
Our work shows that synchronous writing tools should support 
alternative update strategies that preserve both collaborator aware-
ness and writer comfort. 

CCS CONCEPTS 
• Human-centered computing ! Collaborative and social 
computing systems and tools; Interaction techniques. 

KEYWORDS 
Collaborative writing, Writer comfort, Synchronized shared-editors 
ACM Reference Format: 
Yen-Ting Yeh, Nikhita Joshi, and Daniel Vogel. 2024. The E�ects of Update 
Interval and Reveal Method on Writer Comfort in Synchronized Shared-
Editors. In Proceedings of the CHI Conference on Human Factors in Computing 
Systems (CHI ’24), May 11–16, 2024, Honolulu, HI, USA. ACM, New York, NY, 
USA, 13 pages. https://doi.org/10.1145/3613904.3642330 

● No single method is perfect 

● Use more than one research 

approach to address the 

same question and 

triangulate their findings 

● Takeaway: When you read the 

research article, notice the 

inherent limitation of the 

strategies that are used
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Towards an Explicit Research Methodology: Adapting Research Onion Model 

up a distinct research design. In order to develop a coherent futures research design it is crucial 
to identify the logical steps which would link epistemological and ontological assumptions with 
research methods and ways to interpret the findings. 

Research Onion as a Model of Designing Research Methodology  
Methodology is a general research strategy which delineates the way how research should 

be undertaken. It includes a system of believes and philosophical assumptions which shape the 
understanding of the research questions and underpin the choice of research methods. Research 
methodology is an integral part of a dissertation or thesis which helps to ensure the consistency 
between chosen tools, techniques and underlying philosophy.

One of the ways of research methodology construction is based on theoretical concept of 
“research onion” (Figure 1), proposed by Saunders et al. (2016). The research onion provides a 
rather exhausting description of the main layers or stages which are to be accomplished in order to 
formulate an effective methodology (Raithatha, 2017). 

The research methodology has its starting point with delineation of the main philosophy, 
choosing approaches, methods and strategies as well as defining time horizons, which altogether 
take the research logic to the research design – main techniques and procedures of data collection 
and analysis (Figure 1).

Data
collection
and data
analysis

Cross-sectional

Experiment

Mono method
quantitative Deduction

Positivism Philosophy

Approach to
theory development

Critical
realism

Methodological
choice

Techniques and 
procedures

Strategy(ies)

Time
horizon

Inter-
pretivism

Post-
modernism

Abduction

Induction

Pragmatism

Mono method
quantitative

Mixed method
simple

Mixed method
complex

Multi-method
quantitative

Multi-method
quantitative

Survey

Case study

Ethography

Archival
research

Action
research

Grounded
theory

Narrative
inquiry

Longitudinal

Figure 1. Research onion1

The research onion consists of six main layers:

1. Research philosophy – forms a basis of the research by delineation of ontology – nature of 
reality, epistemology – nature, sources of knowledge or facts and axiology – values, beliefs 
and ethics of the research.

Figure 9.1 Quantitative and Qualitative Research as a Multidimensional Continuum (Adapt-

ed From Niglas, 2004b) 

This conceptualization of research methodology can be elaborated by deconstructing research designs into 

methodological components such as purposes, strategy, sampling, data collection, data analysis, and infer-

ences. Concrete methods and techniques belonging to any of the methodological components can be placed 

along the continuum from purely qualitative to purely quantitative orientation (Niglas, 2004a). Alternatively, 

methodological components of a research project can be characterized by using a number of properties, each 

forming a separate continuum. 

Teddlie and Tashakkori (2009) have identified the most important of these properties of methodological com-

ponents in generating an elaborated framework they call the “multidimensional continuum of research pro-

Sage
© 2010 by SAGE Publications, Inc.

Sage Research Methods

Page 12 of 33 SAGE Handbook of Mixed Methods in Social & Behavioral Research
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Towards an Explicit Research Methodology: Adapting Research Onion Model 

up a distinct research design. In order to develop a coherent futures research design it is crucial 
to identify the logical steps which would link epistemological and ontological assumptions with 
research methods and ways to interpret the findings. 

Research Onion as a Model of Designing Research Methodology  
Methodology is a general research strategy which delineates the way how research should 

be undertaken. It includes a system of believes and philosophical assumptions which shape the 
understanding of the research questions and underpin the choice of research methods. Research 
methodology is an integral part of a dissertation or thesis which helps to ensure the consistency 
between chosen tools, techniques and underlying philosophy.

One of the ways of research methodology construction is based on theoretical concept of 
“research onion” (Figure 1), proposed by Saunders et al. (2016). The research onion provides a 
rather exhausting description of the main layers or stages which are to be accomplished in order to 
formulate an effective methodology (Raithatha, 2017). 

The research methodology has its starting point with delineation of the main philosophy, 
choosing approaches, methods and strategies as well as defining time horizons, which altogether 
take the research logic to the research design – main techniques and procedures of data collection 
and analysis (Figure 1).

Data
collection
and data
analysis

Cross-sectional

Experiment

Mono method
quantitative Deduction

Positivism Philosophy

Approach to
theory development

Critical
realism

Methodological
choice

Techniques and 
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modernism
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Figure 1. Research onion1

The research onion consists of six main layers:

1. Research philosophy – forms a basis of the research by delineation of ontology – nature of 
reality, epistemology – nature, sources of knowledge or facts and axiology – values, beliefs 
and ethics of the research.
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Checklist
• Schedule a meeting with Chat: https://calendly.com/chat-wacharamanotham/orm-

course-meeting-with-chat 

• Do the reading assignments 

• Do Assignment 1
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