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Abstract

Statistical tests are mathematical tools for analyzing quantitative data generated
in a research study. Although there are many available resources to help, several
studies have indicated that selecting the appropriate statistical method is still a
recognized problem among practitioners. The goal of this study were to better
understand this problem and identify how do practitioners search for statistical
analysis procedure. To achieve these goal, interviews were conducted to explore
data scientists’ concern and experiences of statistical tests selection processes.
Interview results showed that practitioners are uncertain and made mistakes in
selecting the appropriate statistical method, they prefer using most commonly
used methods in their research domain and use available resources to help them
make decisions.

Since all interview participants mentioned they have used the information on
Q&A sites, we want to analyze more of how data scientists provide and ask for
information on the Q&A community, what potential problems they have and
how experts answer their questions. We achieved these goals through content
analysis with 101 questions asking for selecting statistical methods posted in
StackOverflow, CrossValidated, and ResearchGate. The results centers around four
main question themes: (1) What type of questions do data scientists ask? (2) What
information do data scientists provide in the questions? (3) What problems do
data scientists have when providing information? (4) When data scientists choose
statistical tests?

The findings got from interviews and Q&A sites analysis enrich our understand-
ing of problems in statistical test selection and practitioners statistical information
behavior. Based on the findings, design implications were proposed for the contin-
ued evolution of statistical Q&A platforms for supporting data scientists’ statistical
tests selection.
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Throughout this thesis we use the following conventions.

Text conventions

Definitions of technical terms or short excursus are set off
in coloured boxes.

EXCURSUS:
Excursus are detailed discussions of a particular point in
a book, usually in an appendix, or digressions in a writ-
ten text.

Definition:
Excursus

The whole thesis is written in American English.
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Chapter 1

Introduction

Selection of the appropriate statistical method is a very
important step in analysis of both research and industry
data.A statistical test provides a mechanism for making
quantitative decisions about a process or processes. The
intent is to determine whether there is enough evidence to
”reject” a conjecture or hypothesis about the process.For ex- Statistical tests in

psychologyample, in the field of psychology, statistical tests of signifi-
cances like t-test, z test, f test, chi square test, etc., are car-
ried out to test the significance between the observed sam-
ples and the hypothetical or expected samples. For exam-
ple, if a researcher wants to conduct a statistical test upon
the significant difference between the IQ levels of two col-
lege students, then the researcher can perform the t statis-
tical test for the difference of the two samples. A wrong
selection of the statistical method not only creates some se-
rious problems during the interpretation of the findings but
also affects the conclusion of the study. In statistics, for each
specific situation, statistical methods are available to analy-
sis and interpretation of the data.

There are many previous research show issues in statis- Studies have
indicated issues in
statistical test
selection

tical test selection and confirm this is a challenging task
for practitioners in different areas [12, 51].A variety of
research also has focused on understanding uncertainty
in statistical analysis and how analysts work with uncer-
tain data, including defining typologies, task taxonomies,
coping strategies, and creating analysis and sense-making
models. Many scientists indicate that although a variety
of studies and materials [50, 45] try to give suggestions on
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choosing the proper statistical tests, there is still no one rec-
ognized standard that everyone can use in practice. There
are so many uncertainties and complexity exist in the proce-
dure of statistical tests selection, how do practitioners deal
with these difficulties and search useful information help-
ing them make a proper decision?

This important research direction is still blank today, a bet-Inadequate research
in data scientists

information-seeking
behavior

ter understanding of data practitioners’ problems, informa-
tion and resources seeking behavior can help them opti-
mize the process of selecting statistical tests and propose
a helpful solution.

This study identifies how data scientists search statisticalInterview findings
centers around three

main themes
analysis procedure. Our starting point in this study is talk-
ing with data practitioners and understanding their con-
cerns in a general perspective. The analysis of the interview
transcripts reveals findings structured around three main
themes: (a) data scientists face problems in selecting the ap-
propriate statistical analysis method, (b) selecting statistical
method is often subjective , (c) data scientists use available
resources to help them make decisions. Since all the par-
ticipants indicated that they have used the information on
Q&A websites, we decided to conduct the content analy-
sis of the questions which asking about the selection of the
statistical tests on Q&A sites.

Q&A website is often provided to corporate and specialistMany research
analyzed different

aspects of Q&A
websites

sites, so the site and its users can be asked questions as well
as provide or receive expert answers to them. Many studies
have explored the multidimensionality of Q&A websites.
Most examine the content of answers within the site, the
types of questions asked, and the types of users interact-
ing [34, 1]. Some studies also focused on specific fields of
Q&A websites, such as eating disorder questions [8] and
music information-seeking behaviors [40], however, there
is no study analyze questions about statistical information-
seeking behavior.

In this study, we analyze statistical-related questions askingOur Q&A content
analysis focused on

statistical test
selection questions

for choosing the proper statistical tests that users posted on
different Q&A websites ( StackOverflow, CrossValidated
and ResearchGate), to explore contextual elements that
characterize general data scientists’ statistical information
needs and information searching. Detail content analysis
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has been used to find out how questions are constructed,
what information is provided and what problems exist in
question expression.

The result indicates three motivations and six types of in-
formation provided in the questions. The missing and un-
clear information are the main problems of the question
expression. Besides that, the information is provided in
an unstructured manner, inaccurate phrase, and ambigu-
ous sentences frequently appear in the description. These
problems make the question unclear and respondents have
to assume or fabricate information to answer the questions,
which could lead the wrong and untrustworthy answers
result shows that. Furthermore, we find that data scien-
tists choose statistical tests in different stages of the study.
This question timing is also a major factor will influence the
type of information could be provided at the current stage.
Based on these findings, some implications are provided
for the design of statistical information searching-systems
at both algorithm and interface levels.
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Chapter 2

Related work

2.1 Selection of Statistical Tests

There are many previous research show issues in statistical
test selection and confirm this is a challenging task for data
scientists in different areas.For example, Cairns, P [12] re- Study showed HCI

and medical
researchers used
inappropriate
statistical methods

viewed 41 papers from 2005 and 2006 BCS HCI conferences,
12 out of 41 papers used inappropriate statistical meth-
ods, the choice of tests used was either unclear or could
be called into question.Nour-Eldein H [51] also reviewed
family medicine articles published between 2010 and 2014
in Suez Canal University, found that wrong analyses were
recorded in more than a quarter of articles as 17/60. As
a result of this uncertainty method choosing and wrongly
using procedure, their contribution to knowledge must be
strongly called into doubt.

A variety of research also has focused on understand-
ing uncertainty in statistical analysis and how analysts
work with uncertain data, including defining typologies,
task taxonomies, coping strategies, and creating analysis
and sense-making models. For example, Nadia et al.[7] Data scientists face

different types of
uncertainty in
statistical analysis

conducted a qualitative user study to understand how
data workers analyze uncertain data. They also describe
their various coping strategies to understand, minimize,
exploit or even ignore this uncertainty. Pang et al [53]
define uncertainty for the scientific visualization domain
to include “statistical variations or spread, errors and
differences,minimum-maximum range values, and noisy
or missing data”. With some overlap to Pang et al.’s taxon-
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omy, Klir et al [37] describe uncertainty as a source of defi-
ciencies such as incompleteness or as imprecise, unreliable,
vague or contradictory information. Different from the re-
search mentioned above, we mainly find uncertainty un-
der the decision-making procedure of data workers when
choosing statistical tests.

Many studies try to provide the suggestion of choosing theMany literature from
various domains give

suggestions on
statistical tests

selection

proper statistical tests. Barun et al. [50] proposed a five-
questions scheme which will cover the hypothesis testing
demands of the majority of observational as well as inter-
ventional studies. Marusteri et al [45] presented a step by
step guide for biostatistics about the test selection process
used to compare two or more groups for statistical differ-
ences and in order to provide to the user an easier un-
derstanding of the basic concepts necessary to fulfill this
task, appropriate guidance approach is presented in a Q/A
(Question/Answer) manner.

Besides from literature, there are some other materials pro-Other types of
resources vide useful tutorial for data scientists for choosing statisti-

cal tests. For example, the website [26] provided by UCLA
shows a table which covers several common analyses and
helps users choose among them based on the number of
dependent variables the nature of the independent vari-
ables. Another well-known website is provided by John
H. McDonald [47], he presented a table with purpose, notes
and also examples to help users decide which statistical test
or descriptive statistic is appropriate for their experiment.
Books [44, 61] and video tutorials [27] are also frequently
used by analysts for acquiring information

2.2 Q&A Websites

Q&A website is often provided to corporate and special-
ist sites, so the site and its users can be asked questions as
well as provide or receive expert answers to them. It’s fre-
quently integrated by large and specialist corporations and
tends to be implemented as a community that allows users
in similar fields to discuss questions and provide answers
to common and specialist questions [64].

Essentially, this definition indicates three basic functions of
a social Q&A website: First, it provides an interface for
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users to post their questions and answers. Second, it pro-
vides a search engine that helps people find related ques-
tions in the online community. Third, users can participate
in discussions in its online community

There are three types of online Q&A services: digital refer- There are three
types of Q&A sitesence services, “ask an expert” sites, and community ques-

tion and answer sites [32, 28, 60].“Digital reference ser-
vices” refer to tools for library patrons to communicate and
pose reference questions to librarians via an online system.
“Ask an Expert” sites are characterized by an answerer
with some type of credential in a given topic area; the inter-
action between questioner and answerer is not one of the
peers. The final category, community question, and answer
sites, include those sites like Yahoo! Answers that bring to-
gether peers. For Choi et al [16], there are four types of so-
cial Q&A website: community-based, collaborative, expert-
based, and social.

Many studies have explored the multidimensionality of
Q&A websites. Most examine the content of answers
within the site, the types of questions asked, and the types
of users interacting. For example, Adamic et al’s [1] anal-
ysis of Yahoo! Answers revealed that users are seek-
ing more than hard facts, but also advice, opinions, and
thoughts on questions without one definitive answer. They
grouped questions into three broad clusters: discussion
forums (users “both pose and answer questions”), advice
(“people both seek and provide advice and commonsense
expertise”) and factual answers (“people tend to ask or re-
ply”).

Ignatova et al [34], developed their classification of ques- Different taxonomy of
questions on Q&A
sites

tion types in Yahoo! Answers based on a sample of 755
questions about data mining, natural language processing,
and e-learning, offering one of the few, if only, a taxon-
omy that is grounded in a specific subject domain. Their
question framework includes categories such as concept
completion, definition, procedural, comparison, disjunc-
tive, verification, quantification, causal, and general infor-
mation need.

Some previous works also discuss what motivates peo- One study showed
motivations of
questioners

ple to answer questions in Q&A websites. Choi et al [17]
surveyed 75 users regarding their motivations, methods,
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and expectations relating to asking questions within Ya-
hoo! Answers. Results indicated that the primary moti-
vation for social Q&A website users asking questions was
to fulfill cognitive needs—a particular need that is related
to strengthening information, knowledge, and understand-
ing.

Of particular relevance to our research are the studies fo-Some studies
focused on special

domain of Q&A
websites

cused on specific fields. For example Bowler et al [8] fo-
cused on understanding teens’ use of Q&A for health infor-
mation through a content analysis of eating disorder ques-
tions collected from Yahoo! Answers. Then they identi-
fied a range of needs and motivations appearing in the
questions, and developed a taxonomy of question types
consisting of five overarching themes. Lee et al [40] in-
vestigated cross-cultural/multilingual music information-
seeking behaviors and reveals some important character-
istics of these behaviors by analyzing 107 authentic mu-
sic information queries from a Korean knowledge search
portal Naver (knowledge) iN and 150 queries from Google
Answers website. Zhang [65] explored contextual factors
of consumer health information searching by analyzing
health-related questions on Yahoo Answers. Particularly,
they looked at the following factors: linguistic features of
the questions that users formulated, their motivations for
asking the questions, the time when the questions were
asked, and their cognitive representations of the problem
space.

However, less research has examined how data scientistsNo research focused
on statistical topic on

Q&A sites
ask questions on Q&A websites, how they choose appro-
priate statistical tests, what information they provide and
also what are the motivations. Our work is unique in that
we focus on the questions related to the selection of statisti-
cal methods, a professional topic that is relevant to all data
scientists.
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Chapter 3

Methodology

This chapter will outline the methodology for this research. interview and the
online content
analysis were used
in the study

The relevance and particular goodness of fit for qualitative
research and grounded theory will be explored. We will in-
troduce two methods: the interview and the online content
analysis in detail separately.

3.1 Motivations

Choosing the appropriate statistical methods could be a re- Studies have
indicated issues in
statistical test
selection

ally complex thing. There are many previous research show
issues in statistical test selection and confirm this is a chal-
lenging task for practitioners in different areas[12, 51]. For
example, Nour-Eldein H [51] reviewed family medicine ar-
ticles published between 2010 and 2014 in Suez Canal Uni-
versity, found that wrong analyses were recorded in more
than a quarter of articles. Another research finished by
Cairns [12]shows the problem of reporting or analysis that
undermined the value or the validity of the statistical test-
ing and hence the research findings in the HCI field.

Choosing the appropriate statistical methods could be a re-
ally complex thing. People fell overwhelming when mak-
ing decision for statistical test selection.A variety of re-
search has already focused on understanding uncertainty
in statistical analysis and how analysts work with uncer-
tain data, including defining typologies, task taxonomies,
coping strategies, and creating analysis and sense-making
models.
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Many scientists indicate that although a variety of stud-
ies and materials [50, 45] try to give suggestions on choos-
ing the proper statistical tests, there is still no one recog-
nized standard that everyone can use in practice. There are
so many uncertainties and complexity exist in the proce-
dure of statistical tests selection, how do practitioners deal
with these difficulties and search useful information help-
ing them make a proper decision?

Considering all the situations list above we decide to use
the qualitative methodology in our study.First we talked
to data practitioners to find how they choosing statistical
analysis procedure, what are their concerns. Then we did
Q&A websites survey to analyzed how they ask questions
related to statistical tests selection, what information they
provide and what are potential problems.

There are several reasons why qualitative methodology is
a better fit for this study. It’s obvious that choosing the ap-Qualitative approach

is especially helpful
in taking an in-depth

examination of an
issue or topic that is
complex or detailed

propriate statistical test is a complex and uncertain thing
which is a general problem widely recognized by data
workers from different fields. Qualitative studies are un-
derstood to be especially helpful in taking an in-depth ex-
amination of an issue or topic that is complex or detailed
[13].

While quantitative research also examines complex issues,
qualitative research utilizes methods that place greater em-
phasis on “processes and meanings that are not experimen-
tally examined or measured. . . in terms of quantity, amount,
intensity, or frequency” [42]. Through qualitative methods,
detail and complexity can be explored at great length and
depth through extended open-ended interviews and con-
tent analysis.

A qualitative approach is also consistent with our research
topic. Qualitative research is suitable for exploratory re-
search such as this study. Exploratory research is necessary
when there is little existing research on the subject matter
[19].As there is no research which focuses on how data sci-Qualitative approach

is suitable for topic
that there is little
existing research

ence workers search for analysis procedure, an exploratory
approach is warranted. When there is little empirical re-
search available on a topic, it is important to engage di-
rectly with relevant research participants to gain their in-
sight into their experience of “everyday practices and ev-
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eryday knowledge referring to the issue under study”[39].
The purpose of this engagement is to develop a ‘thick de-
scription’ [41] of the research concepts and the relationship
that exists between them, rather than causal theory devel-
opment. In the following part, we will describe two dif-
ferent qualitative study procedures in detail. First one is
semi-interviews, the other is online content analysis.

3.2 Interviews

The purpose of conducting interviews in qualitative re- Directly talking with
data scientist is
better to understand
complexity and
contextual factors of
statistical selection

search is to “understand the world from the subjects’ points
of views, to unfold the meaning of peoples’ experiences,
and to uncover their lived world prior to scientific explana-
tion” [39]. Mason [46] suggests that interviews are an ap-
propriate data collection method when the researcher be-
lieves that the primary way to understand the phenom-
ena of interest is by interacting directly with people to “ac-
cess their accounts and articulation”; when consideration of
contextual and situational factors is particularly important
for understanding the phenomena; and instances when the
research topic “may be complex, or may not be clearly for-
mulated in the interviewees’ minds in a way which they
can simply articulate in response to a short standardized
question” [57]. These three bases for the use of interviews
as a data collection method are applicable to my research.
Given the exploratory nature of the research, it is appropri-
ate to engage directly with data worker participants about
how they get useful information for their statistical anal-
ysis, what are their concerns and how they use this infor-
mation in the decision making process of a statistical anal-
ysis; and to examine through this interaction the contex-
tual and other factors which may affect its use in these pro-
cesses. Further, as decision-making process of choosing the
right statistical test is a complex topic which is not observ-
able, nor often reflected upon or easily articulated by peo-
ple given its tacit nature, it is necessary to engage directly
with data scientists to explore with them their experiences
of information gathering processes in order to understand
how they find and use this useful information for data anal-
ysis procedure.
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Between the continuum endpoints of structured and un-
structured interviews lies a multitude of research posi-
tions. However, in our paper, we explore the intermediate
space of the semi-structured interview, the most common
of all qualitative research methods [3]. Semi-structuredSemi-structured

interview can get
in-depth information

about the
phenomena and

subjective viewpoint
of participants

interviews involve asking participants key (often prede-
termined) questions based around the topics of interest,
and encouraging them to provide open responses to these
questions [48]. This method is not as limiting as struc-
tured interviews, and consequently provides in-depth in-
formation about the phenomena of interest [10]. It is also
more focused than the completely unstructured interview-
ing method, thus restricting the amount of potentially er-
roneous data provided by the participants, and enabling
the researcher to collect “relevant, valuable and analytically
rich data”[6]. This tighter structure assists the data cod-
ing process, and enables more effective analysis and com-
parison of data that would occur with completely unstruc-
tured interview methods [19]. Flick [25] argues that semi-
structured interviews are a particularly appropriate data
collection method when the researcher is looking to access
the subjective viewpoint of the research participants.

In our study, semi-structured interviews help develop anSemi-structured
interview can get

inside the research
world of data

scientists

understanding of the ways in which data scientists looking
for information and choosing the right statistical method
with the help of this information. The issue becomes how to
get inside the research world of data workers so that the re-
searcher is able to interpret this research world from within
[59]. Utilizing an ethnographic approach to questioning, re-
searchers can learn about organizational culture from dif-
ferent individuals’ points of view thus bringing into the
open an often hidden environment. Many issues, such as
data workers concern or information-seeking behavior, can
be studied using such an approach.

3.2.1 Participants

The sample for this interview study is data scientists whoPurposeful sampling
technique was used

in recruiting
participants

engage in data analysis activities with varying levels of
skills. Participants were sampled primarily using ‘pur-
poseful’ sampling techniques[55]. Purposeful sampling is
a standard initial method of sampling in qualitative re-
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search [11]. It involves the purposeful selection of “par-
ticipants or sites (or documents or visual material) that will
best help the researcher understand the problem and the
research question” [19]. It is used particularly to identify
“information-rich cases who will illuminate the questions
under study” [55]. This was certainly the point of the se-
lection of data workers for this study given their involve-
ment in, and experience of, information seeking and deci-
sion making process with useful information.

The key criteria for the number of participants for the study
are that theoretical saturation is obtained. For purposes of
this study, the initial goal is for 12 participants, but is con-
tingent on the data analysis. True to the flexible style of
the approach, more or less may be appropriate depending
on how and when theoretical saturation is obtained. In a
dissertation study examining supervision processes in ap-
plied settings, Lonneman-Doroff [43] found eight partici-
pants sufficient for theoretical saturation, but interviewed
three additional participants to assure saturation. Similarly,
for dissertation research using grounded theory methods
to examine how supervisees experienced the process of de-
veloping a theoretical approach to counseling, 15 partici- Theoretical

saturation is obtained
after 12 interviews

pants were sufficient [46]. The participants will be recruited
through purposeful sampling based on their having expe-
rience in data analysis, chosen as best being able to rep-
resent and elaborate on the topic of interest for this study
[19]. We recruited participants by email contacts at organi-
zations within our personal and professional networks.

Data researchers from HCI, psychology, statistics, and eco-
nomics at different universities from different countries
will be emailed asking if they are willing to participate in
the study. In order to find generalized information in differ-
ent areas, we also take data workers for industry field into
consideration. Contact information of participants from in-
dustry is gathered through their previous classmates and
teachers.

We interviewed 12 domain experts aged 24–29 from differ- Participants come
from different
research and
enterprise domains

ent organizations (2 enterprises, 10 research). The orga-
nizations were from different sectors including HCI, psy-
chology, computer science, economics and statistics (Ta-
ble 1). They held a number of job titles, including “re-
searcher”, “engineer”, “student”, and “risk analyst”. Par-
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ticipants ranged from master students in their third year
of work to data analyst with over 3 years of experience.
In this paper, we use the term “data worker” to refer to
anyone whose primary job function includes working with
data to answer questions that inform business or research
decisions.

Table 3.1: Interview participant profile
ID Age Organization Domain
P01 27 Research International business statistics
P02 25 Research Applied psychology
P03 25 Research Business statistical analysis
P04 28 Research Human-computer interaction
P05 25 Research Cognitive neuroscience
P06 26 Enterprise Computer science
P07 29 Enterprise Risk and model analysis
P08 27 Research Statistics
P09 27 Research Human-computer interaction
P10 26 Research Automotive engineering
P11 24 Research Psychology
P12 28 Research Labor economics

3.2.2 Data Collection

Semi-structured interviews will be used to gather data.
Each participant will be sent Informed Consent forms. Par-
ticipants will engage in a face-to-face or Skype interview
that will last an undetermined amount of time, but esti-
mated to be 25-50 minutes. The length of the interview will
depend on the amount of data gathered. The interviews
will be recorded using a hand-held recording device or a
computer program, depending on the available and pre-Median Interview

time is 40 mins ferred communication medium of the participant. Given
the semi-structured format of the interview, a series of pre-
determined, constructed questions will be asked of partici-
pants. Additional questions will emerge at the moment as
the interview proceeds, contingent on the need for clarifi-
cation, in the exploration of information given, and depen-
dent on the experience level of the participant.

We tried to understand all participants recent study includ-
ing statistical analysis, the questions cover different aspects
such as analysis procedure, problems they met, available
resource and attitudes towards statistical analysis. Follow
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up example questions were asked to probe or clarify re-
sponses.

(1) How long have you been doing the statistical analysis?

(2) What’s is your recently completed study included sta-
tistical analysis?

(3) Which test method did you choose?

(4) How did you decide which test methods to use?

(5) Are you sure or confident about if you choose the right
test methods?

(6) Normally how you find information which is useful for
your statistical analysis?

(7) Do you think the useful material is easy to find for sta-
tistical analysis?

(8) Which tools did you use for this statistical analysis
study?

(9) What do you think the most difficult part of this statis-
tical analysis?

3.2.3 Data Analysis

We analyze interview data with the framework of
grounded theory. Grounded theory is an approach that is
used specifically to explore relationships and complex phe-
nomenon that has not undergone substantial consideration
[15]. Additionally, grounded theory is also ideal for re-
search questions that require an explanation of a process
or an interaction, as is the case for this study [19]. Given
the lack of research on this topic from the sample of interest
for this study, along with the goal of gaining a thorough Grounded theory

was used to analyze
the interview data to
find emergent theme

understanding of the information seeking and decision-
making behavior of data workers, qualitative methods uti-
lizing grounded theory is most appropriate.

Unlike other research methods, the grounded theory does
not provide hypotheses for the research questions prior to
gathering the data, as grounded theory is explicitly emer-
gent and does not test a hypothesis [23] . The “emergent”
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characteristic of grounded theory indicates an inductive
style of research and data analysis, which allows for new
properties of the process or phenomena being researched to
emerge [15]. The ability to recognize novelty outside of pre-
conception, as well as the ability to interact open-mindedly
with data, maybe hindered or restricted by a narrow fo-
cus on specific hypotheses. While the method of research is
not detailed in length here, it is important to note this im-
portant distinction of the methodology that precludes any
statements of hypotheses at this point. It is a fundamental
tenet of the approach that hypotheses not be provided in
order to ensure that, as much as possible, the emergent the-
ory is derived from the data and not from another source
or preconception [20].

Data coding involves two phases: initial coding and fo-
cused coding, which cumulatively constitute the process
and progression of defining the data to making meaning of
the data. Initial or open coding involves labeling the data
– by word, byline, or by paragraph – while focused cod-Data coding involves

two phases: initial
coding and focused

coding

ing uses the initial codes to “sort, synthesize, and organize
large amounts of data” [14] . Labeling the data by word,
line, or paragraph is indicative of the interactive relation-
ship the researcher has with the data. Through the process
of focused coding, tentative theoretical categories emerge
[20] .

Analysis of the data is facilitated through the process of
Writing memos helps the researcher to process information,Memo writing helps

researchers
remember emergent

thoughts and
questions

to explore alternative lines of reasoning, and to more fully
develop connections between categories [14] . Aside from
the analytical benefit of memo writing in connecting ideas,
it also reveals gaps in the data collection and helps docu-
ment theory development through the research process.

Then the qualitative coding process was conducted with
MAXQDA Standard 2018. This software organizes and
manages the data entered to efficiently target the data anal-
ysis. First, I started to analyze interview transcripts withMAXQDA was used

to conduct qualitative
coding process

the initial coding process which is the initial step of the
analysis,I carefully read the text, marked interesting and re-
vealing selections from the interviews. I also wrote memosCoding the

qualitative data
creates structure

next to text section or passages. Highlighting tools were
available with a palette of color in Maxqda (See Figure
3.1). Categories are established After the first round of
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Figure 3.1: Coding process with MAXQDA 2018

Figure 3.2: Main code matrix

the coding process. Within each category, I selected items
with common characteristics that differentiate them from
the main category and formulated a definition for each new
subcategories. Then I started focus (second) coding process
with going through all data again and assigning text to the
newly created subcategories. Once codes system were es-
tablished, themes were examined and questions emerged.

Finally, through theoretical sampling, all theoretical possi- 544 codes and 14
main categories was
generated after
qualitative coding

bilities of explaining the data are considered, and through
theoretical saturation, the data remains unchanged with
additional exploration [15]. After the process of data cod-
ing and memo writing, we have in total of 544 codes be-
longing to 14 main categories which cover different aspects,
such as participants analysis procedure, problems they met,
available resource and attitudes towards statistical analy-
sis. Main categories and their frequencies in each interview
transcript are shown in Figure 3.2.
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3.3 Content Analysis of Q&A Sites

3.3.1 Websites Analyzed

• Stack Exchanged : StackOverflow 1 & CrossVali-
dated2

Stack Exchange is a network of 174 websites that areStack Exchange is a
network of Q&A

websites on topics in
diverse fields.

created and run by experts and enthusiasts who are
passionate about a specific topic. The Stack Overflow
and Crossvalited are two websites run by Stack Ex-
change. Stack Overflow is an online platform where
users can exchange knowledge related to program-
ming and software engineering tasks. While as a
searchable Q&A site oriented toward statistical anal-
ysis, CrossValidated is a question and answer site for
people interested in statistics, machine learning, data
analysis, data mining, and data visualization.

Stack Exchange features the ability for users to askTags helps us filter
interested topics new questions and answer existing questions, as well

as to “vote” questions and answers up or down,
based on the perceived value of the post. Users can
earn reputation points and “badges” through various
activities. All questions are tagged with their subject
areas, users can click any tag to see a list of questions
with that tag, or go to the tag list to browse for inter-
esting topics.

It also provides edit function which users can fix mis-Edit function helps us
figure out improper

information
takes, improve formatting, or clarify the meaning of
a post and comment function which users can ask
for more information or clarify a question or answer.
These two functions are really helpful for our analy-
sis, since we can analyze what is improper descrip-
tion of the question with edit function and what is
missing and unclear information in comments.

• ResearchGate3

With fifteen million academic users as of 2019, Re-
searchGate is one of the most well-known academic
social networks. Its Q&A model is where researchers

1StackOverflow:https://StackOverflow.com/
2Cross Validated: https://stats.stackexchange.com/
3ResearchGate: https://www.researchgate.net/

https://StackOverflow.com/
https://stats.stackexchange.com/
 https://www.researchgate.net/
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can ask research-related questions and get them an- ResearchGate is
widely used by
academic users to
ask questions and
get domain expert’s
answers

swered by other specialists. It’s also the best place to
share the knowledge, connect with researchers.

Many academic practitioners indicate that it is hard to
find statistical experts in real life, and ResearcheGate
helps them solve this problem. ResearchGate’s Q&A
recommendations take researcher’s unique set of
skills and expertise into account to present users
with the most relevant discussions in your field. Re-
searchers can browse questions and answers using
the three filters: recent questions in the specific field,
questions followed, and questions asked.

3.3.2 Data Collection

Our research questions involve analyzing user-
generated posts about statistical tests selection on
StackOverflow, ResearchGate, and CrossValidated.
We also decided that our method should be man-
ual content analysis because the types of analyses we
want to perform on the questions and responses can-
not be obtained through either quantitative methods
or automatic methods.

Because information behaviors on statistical tests se-
lection Q&A are unknown in the literature, we de-
cided to start with one general discipline for devel-
oping our analysis scheme, then expand to other dis- Selected questions

should focused on
procedure but not
implementation

ciplines. Since the purpose of this analysis is to in-
vestigate how data scientists seek information about
selecting proper statistical test, our first discipline is
the selected question should focus on procedure of
choosing appropriate statistical method.

Based on this selection criteria, we first use keyword
‘statistical test’ to search meeting standard posts on
both StackOverflow and CrossValidate. In the fil-
tering process, we found that it is difficult to find
out questions’ description problems and judge the in-
tegrity of the provided information only by analyz-
ing the questions. So the second principle was added:
The post should have at least one reply or comment
from the respondents. In order to make the study
general, different keywords from a variety domains
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were used to filter the questions: ‘statistical test’, ‘sig-
nificant test’, and ‘hypothesis testing’.

At last 101 questions across different domains and‘statistical test’,
‘significant test’, and

‘hypothesis testing’
are three filtering

keywords

platforms were selected and Google sheet4 is used to
record links and detail finding information of each
question, so that every question and information are
traceable.

3.3.3 Data Analysis

The qualitative content analysis was used to analyze
the content of the posts. The content analysis aimed
to investigate the characteristics of questions in rela-
tion to the dual aspects of providing information. We
tried to figure out what information is provided by
data scientists and what are missing and unclear in-
formation that make respondents confused and can-
not give proper suggestion answers. It is necessaryMissing/unclear

questions was
judged by reading

the respondent
comments/answers

to note that the criteria of judging missing or unclear
questions is based on respondents request and ex-
pression,so we choose posts which have at least one
comment or answer.

First we read questioning messages several times
to gain an overview of the overall content. Then
codes were derived inductively by closely reviewing
themes appeared in each message. Whenever a con-
textual description appears, such as the motivations
of asking the question, attitude involved, and difficul-
ties in expressing their needs, it was coded into a cat-
egory. When coding a new text to a category, the text
was compared to those already assigned to that cate-
gory [29]. The constant comparison method allowedBoth questions and

comments/answers
were coded to find
emerging themes

us to fully understand the theoretical properties of the
category. We then examined the categories resulted
from the open coding process to make sense of the
properties and dimensions of the categories, identify
relationships between them, and uncover patterns [9].

It is important to mention that the after analyzing all
25 StackOverflow questions,we found that all these

4All QA analysis result included in this link: https://docs.
google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_
gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing

https://docs.google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing
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questions are related to implementation asking for
programming procedure with code scripts, which vi-
olates our original intention of research. Although we 101 questions were

in detailed
analyzed,76
questions were used
to form findings

analyzed these questions, at final summary stage we
decide not to include them, so that in the following
finding and discussion chapters, only 76 questions
from ResearchGate and CrossValidated are included
and discussed.
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Chapter 4

Findings

4.1 Interview Findings

The purpose of this interview study is to understand how
data scientists find useful information in order to choose
the statistical analysis method. The analysis of the inter-
view transcripts reveals findings structured around four
main aspects: Procedure, problems, resources, and atti-
tudes.

In this section, findings from participants’ responses to Interview findings
centers around four
main themes

the semi-structured interview questions will be presented.
Analysis results in the emergence of the following themes:
(1) problems in methods selection, (2) coping strategies, (3)
resource utilization. Each main theme has several key find-
ings and their interpretations emerge from coding the in-
terview transcripts. Findings are further supported with
quotations from interviews with participants.

4.1.1 Theme 1: Problems in Methods Selection

The first theme centers around the general problems that
were identified by analyzing participants’ interview tran-
scripts. In this section, two key findings from this theme
are discussed.

“There is no standard!”—Uncertainty with test selection.

Data scientists need assurance with the statistical analysis Selecting a
significance test
involves a complex
myriad of decisions
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they perform since using an incorrect method can render
their findings invalid. In real-world, this might result in a
publication getting rejected or an analytics firm’s credibility
going downhill. In our analysis, we find that participants
have a sense of uncertainty with the selection of statistical
analysis methods. First and foremost, selecting a signif-
icance test is not an easy process—it involves a complex
myriad of decisions that lead to one or more “valid” tests
that can be performed. Data is often not as ideal as we ex-
pected, sometimes these situations could happen: what if
some independent variables are normally distributed, but
others are not? How to handle an unbalanced number of
participants in the study? What if there are outlier data in
your study, will you keep them or delete them?

Given how difficult this can be, it is not surprising that dataData scientists feel
uncertain workers feel overwhelmed and uncertain:

“There is a lot of uncertainty with test selection and
there are no standards. For me, it is hard to know
which test to use.” - P04.

As a further complication, even when data workers doInterpreting the
results thus becomes

an issue
eventually manage to do a significance test, because they
are uncertain about the test, interpreting the results be-
comes an issue as well:

“Because there is so much uncertainty about the se-
lected test, I am not sure about the result. The whole
process is complex and unclear to me.” - P11

As we can see, all this uncertainty can lead to anxiety inUncertainty causes
anxiety data workers. In some situations, this can be so extreme

that data workers have completely given up all hope and
postpone the selection procedure:

“I never start by selecting the significance test to an-
alyze my study data, because I’m not sure I can do it
properly!” - P01

One might wonder whether this uncertainty can be al-Multiple resource can
not relieve anxiety leviated by getting informed—there are plenty of useful

resources[26, 44, 50, 61] out there that help data workers se-
lect the correct statistical test. However, finding the “right”
information from these resources, especially books, takes
time and, even then, there might be conflicting information
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in these resources. As a result, data workers are still uncer-
tain:

“Even if I read all these things, I would still be not
sure. . . especially if it is just me making the deci-
sion.” - P09

This leads to an interesting question—are data workers
more confident in the significance test selection if another
researcher, particularly one who’s experienced in statistics,
approves of it? We will discuss this in the following sub-
section.

Using/recommending wrong methods to others.

In addition to the sense of uncertainty, using wrong meth-
ods is another general problem indicated by some par-
ticipants. Practice of wrong or inappropriate statistical Using wrong

methodsmethod is a common phenomenon in the published arti-
cles in biomedical research. Incorrect statistical methods
can be seen in many conditions like use of unpaired t-test
on paired data or use of parametric test for the data which
does not follow the normal distribution, etc. One partici-
pant mentioned that:

“There is another example, we analyze factors that
affect the winning percentage of each team in the
NBA, I just choose the wrong method for it.” - P03

Another researcher who is also a supervisor in his institute Recommending
wrong methodssaid he has not used the wrong test for his own situation

but has recommended a wrong test for others:

“I have recommended the wrong method to another
person.” - P04

4.1.2 Theme 2: Coping Strategies

The second theme revolves around the standard for select- Psychological
activities rather than
objective factors

ing statistical methods. In this section, we demonstrate and
explain four findings regarding what are the subjective in-
fluencing factors when people make choices. We do not
focus on the objective factors which influence deciding the
right test to use, such as study designs, the main study hy-
pothesis, type of data, and independence of variables. We
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want to analyze subjective factors, such psychological ac-
tivities hide behind the surface, but have a huge influence
on making the decision of statistical tests.

Choosing the most commonly used method in their research
field.

Statistical tests are generally categorized into various types
depending upon the type of field. Statistical tests are car-
ried out extensively in HCI, psychology, and medicine. Ten
out of twelve participants demonstrated that they prefer
using the most common method in their research or work
field.

In the field of psychology, HCI and medicine, statisticaleach domain has its
commonly used

method
tests of significances like t-test, z test, f test, chi-square test,
etc., are carried out to test the significance between the ob-
served samples and the hypothetical or expected samples.
Two Ph.D. participants who are conducting research in psy-
chology and HCI fields indicated that:

“Generally there are fixed routines when you doing
such projects, normally we will use ANOVA because
it’s easy and better to use and it’s a common method
in psychology experiments.” - P05.statistical tests in

HCI

“Second criteria is that the test is frequently used in
the HCI field. I mean like chi-square test and t-test
are all tests commonly used.” - P09.

In the field of computer science such as machine learning,statistical tests in
computer science more complex statistical models always used to frame pre-

dictive modeling problem and better understand the data.
It would be fair to say that statistical methods are required
to effectively work through a machine learning predictive
modeling project. Some statistical methods can be used to
clean and prepare data ready for modeling. Others sta-
tistical hypothesis tests and estimation statistics can aid in
model selection and in presenting the skill and predictions
from final models. One master student who is learning
computer science mentioned in the interview:

“There are lots of common methods in data science,
such as Naive Bayes, Random Forest, Boosting, neu-
ral network, each model has its pros and cons, and
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each method has its own context for use. I will al-
ways try these methods first.” - p06.

Another researcher who is a Ph.D.candidate from Labor statistical tests in
EconomicsEconomics field also indicated that in his research field,

people prefer using different kinds of regression models
for data analysis purpose so that he will always put these
methods to the first priority:

“Regression is the mostly used and basic method
for influence factor analysis in my research
field...regression discontinuity, DID, panel data,
actually they are all regression, the difference is
running different codes, but the essential part is all
regression.” - P12.

This also happens in the industry field. One participant statistical tests in
P2P industryworking on risk and model analysis in a bank said that

when he entered the company he tried with other models,
but later changed to regression model and decision tree,
since these two are the most commonly used methods in
p2p bank field:

“My boss told me, in p2p and bank field, the most
frequently used is this model, The reason is easy in-
terpretability.” - P07.

“There is no additive benefit.”—Negative attitudes to-
wards learning a new method.

In addition to preferring using common methods in their
field, half of the participants hold negative attitudes of
learning new statistical methods. This discovery once again
verified the previous finding. As mentioned before, lots Lack confident in

using new methodof participants are not expert in statistical analysis, they
just have basic theory courses at school which will not give
them enough confidence for using new methods for their
study. Although feeling interested in new methods emerg-
ing in the research field, one participant still demonstrated
her concern in using it:

“I would be interested in reading about it, but I don’t
have confidence in using it, I would worry that I did
something wrong because nobody used it before... I
don’t feel that I’m expert enough to decide that this
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is better than all others.” - P09.

Using the new method means taking the time to collect rel-Learning new
method takes time evant information about the method, understanding and

learning it so that it can be applied to their own study. This
information gathering and learning procedure need ade-
quate time period which makes people hesitate about the
use of new methods. This happens in both industry and
research fields:

“If I have more rich time I will try more methods and
learn some new methods. If I have time, I would like
to try and learn something new.” - P01

“Because the time limitation won’t let you try new
things, you have lots of things to do, only the result
make sense.” - P07

“If I need a long time to study it, I will reconsider it.”
- P10

Before making the decision of choosing a new methodol-Weighing the pros
and cons ogy. Lot’s of people will ask this question in their mind: Is

that really necessary for learning it, what are the benefits of
using it? Measuring how much the new method will bring
to them directly affects their decision. Two participants re-
vealed this balance in their minds:

“At that time they won’t know what is the advan-
tage of this approach, they have to spend a lot of
time in reading the new approach, they should know
the trade-off at the end.” - P04

“It unnecessary to learn new things.” - P11

Prefer Most familiar/confident methods.

As can be seen from the previous three findings, people areSome times several
methods are suitable conservative about new methods and like to use methods

that are common in their field. The following finding better
confirms and explains this phenomenon. Many times, there
is more than one correct method and there may be many
ways to apply to your current data and experiment design.
It seems that lots of people stick to use their most familiar
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methods, this repeat procedure makes them feel confident
about the result.

When asked about how to make a decision if there are mul-
tiple correct methods suitable for the current scenario, one
researcher in HCI gave the following answer:

“There are always different approaches to do the
same thing, several methods could be correct, each
has their advantages, in those situations, I just do
the one I’m familiar with.” - P04

Another participant who is learning business statistical Modle’s
persuasivenessanalysis also provided that she prefers the familiar model

than another method, but at the same time, the persuasive-
ness of the model is also a factor of consideration:

“I will use regression because I think regression is
the one I’m familiar with and it’s also more clear and
persuasive.” - P03

Compared with the two participants listed above, the fol-
lowing two persons didn’t hold strong attitude towards
choosing the familiar methods. They want to try other sta-
tistical methods which they maybe not so familiar with, but
they still put them in the first priority of the waiting list:

“I will first start with the one I’m most familiar with,
it’s ANOVA, it’s really helpful and practical.” - P05

Starting from the
familiar one and try
others

“I will try from the one I’m most familiar with, com-
pare them and see the result” - P10

”Because the traditional method and the method Feeling secure
which I’m familiar can solve my case. It’s more se-
cure.” - P11

Knowing there is a more advanced method before.

What makes me feel interested is that some of the par-
ticipants showed that they knew there would be a better Accuracy is not

always first prioritymethod to use which has a stronger proof of their study
and explore better the relation of the data to the underlying
population.
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It seems accuracy always do not have first priority, there are
lots of other factors to consider when choosing a statistical
method. One participant from p2p bank industry provided
that:

“Actually in statistics filed, we have lots of better
models, but not all the models can be used in the
industry.” - P07

When he just onboard to the company, he was confused
about why everyone used the regression model which is
not the best one in distinguishing. Then he asked his boss
who told him later that the reason is easy interpretability.

“Actually,in industry, the most important factor isModel’s
interpretability the interpretability of the model, a better result is the

second factor.” - P07.

Another person also talked about this phenomenon in the
interview:

“I have asked one credit data analysis company in
Sweden, I asked if they use deep learning model for
analysis, they said no, we don’t use that complex
method, we just use simple logistic regression even
though former one could get a better result.” - P08.

It is not a common thing which just happens in the industry,Model’s complexity
people in the research field sometimes also abandon better
model which may have a better result though. One partic-
ipant who has chosen the statistical method for his thesis
related to machine learning illustrated in the interview:

“I used the neural network in my paper, but I also
tried the recurrent neural network before, it may get
a better result, but I didn’t use it” - P10.

After weighing the pros and cons, he thought choosing a
method he knows better is more profitable and secure so he
abandoned the advanced model: recurrent neural network
and use the neural network.

4.1.3 Theme 3: Recourse Utilization

Resources play an important role in statistical analysis, es-
pecially in searching for analysis procedure. Since our re-
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search focuses on understanding the procedure of how data
workers look and gather information, so that in this part we
will discuss different resources and materials participants
mentioned in the interview.

Book

They are lots of available books covers different aspects of
statistics. Such as Statistics [21], written by David Freed-
man and Robert Pisani teaches anyone the subject from the
very ground up and good for beginners to get started with.
Other books also introduce different application and tests Statistical books for

specific domainsin a variety of fields. For example, Statistics for business &
economics [4] delivers sound statistical methodology and
meaningful applications that clearly demonstrate how sta-
tistical information informs decisions in actual business
practice with real business examples. Modern Statistical
Methods for HCI [58] reflects on current statistical meth-
ods used in Human-Computer Interaction (HCI) and intro-
duces a number of novel methods to the reader.

Many people mentioned they will read these books to find
useful information when they choose the right statistical
test.Some participants mentioned that reading statistical Good for overall

learning a methodbooks is always good for systematic learning and knowing
the overall methodology:

“If I want to learn it systematically, I will buy a book,
normally is an ebook.” - P02

“I read some books about the methodology I‘m go-
ing to use, I know the overall methodology, but some
specifics I sort of identify on the fly.” - P04

Some other participants also provided negative opinions
about reading related books for choosing a statistical test.
Books always focus on traditional tests but not a good place
to now up to date modern methods:

“On the book, you just stick to the old method and
use them again.” - P09

Furthermore, books always contain numerous information, Negative attitudes of
reading bookswhich will cost a huge amount of time to find the informa-

tion people really need. For those who face time pressure
with their study, this slow reading procedure will not be a
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good choice:

“I don’t read books, I think reading is slow.” - P10

For handling this, one participant also mentioned the solu-
tion:

Goal-oriented
reading “When I buy a book I will go through the content

first, and the content is really goal-oriented, I want
to do what and I find it’s included in this book so
that I will buy it.”-P05

Paper

For researchers, reading the related paper in their research
area is another way to get useful information. Almost all
the researchers who attend the interview mentioned that
they will go through related papers with a similar topic and
refer to what statistical test they use for analysis, as we can
see in these following extracts:

“When I got my study topic, I will read lots of refer-
ence paper, what methods they use, I will probably
use the same one.” - P05

Referring methods in
papers with a similar

research topic
“I go to google scholar for searching the paper with
a similar topic with my study.” - P09

“That’s the usual way. I will refer to the statistical
method that literature uses. See how they analyze
this kind of data.” - P11

Contrary to the previous finding which reveals books is bet-
ter for learning traditional statistical methods, some people
mentioned literature always a good place to know up to
date methods recently emerged in your research field:

Papers are better to
know up to date

methods
“When I want to learn a new method, I mostly will
find some paper which uses this method.” - P02

Two researchers also provide another application, they use
similar paper to filter statistical variables for their study.
One said:
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“I also read some paper which has a similar topic
with mine for finding the proper variables.”-P10

The other also mentioned she uses paper to refer to what
factor others choose for analysis:

“I will search for some paper related to this field,
find the factor mentioned in the paper and for
each factor what are the independent variables they
used.” - P03

At the same time, not all the related papers can be chosen, publish time:recent
yearsthere are still some choosing criteria mentioned by the par-

ticipants. First is publish time, they prefer to give first pri-
ority to literature published most recently:

“I will normally consider the paper after 2005.” - P03

The second factor is the journal of publishing, they think ar- publish journal:top
academic journalsticles published on top academic journals are more credible

and valuable:

“First I will see the level of literature published in
journals, I will firstly consider literature on the top
journal, level of literature if the level is same, I will
try them to see which result is significant.” - P12.

Communication

During the interview, we found that communication plays
a significant role in statistical analysis for both research and
industry participants. Asking and discussing with others
seems to be the best way to solve statistical problems.As Discussing or asking

others to validate
their thoughts

can be seen from the previous findings, people are uncer-
tain about choosing the right statistical method and this un-
certainty throughout the whole analysis process. The com-
mon way provided by most of the participants is discussing
or asking others to validate their thoughts or get some clues
in the right direction, as can be seen from the following ex-
tracts:

“I will ask the senior who has used this before, if People used the
methods beforehe used before, the information you got will really

helpful.” - P02

”I have this and this tests, and he also as well
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checked again, and finally, we agreed on which test
to use.” - P09

”Communication especially asking others is really
important in the work, normally if you find some-
thing by yourself is time-consuming, you should
combine searching yourself and asking people to-
gether.” - P07

Except for solving problems in statistical analysis, through
communications people can get other’s recommendation of
the powerful method, useful resources and field’s experts.
For example, one industry people said to me he knew some
better method from his colleague:

“At First, I did the model myself. After commu-Knowing better
methods nicating with my colleagues, I find some other data

filtering methods.” - P07

Another student mentioned that his teacher recommended
some expert to him for solving his problems:

“Always I will get the answer from my supervisorRecommending
experts if she doesn’t know she will recommend me some

expert person.” - P11

There are different persons people would ask and discuss
with. Most students said they will discuss with their men-
tor when choosing the statistical method, such as:

“I also discussed with my supervisor to see whichSupervisor
one is more reasonable. Since my supervisor is ex-
perienced in this field.” - P10

While most industry people prefer discussing with their
colleagues, they think it’s the most effective way to solve
their current concern:

“Some colleagues have already worked for 10 moreColleagues
years in this field, some of their experience is really
helpful.” - P07

Some researcher also mentioned that they want to discuss
with experts in a specific field and method, but they don’t
know these people and also don’t know how to find and
contact them. Hard finding expert seems to be another
common issue in statistical analysis. Five out of twelve peo-Hard finding experts
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ple provided their problems of finding the expert, in the
following are some extracts:

“I went to some publications such as last year CHI
conference to see which paper use the same method-
ology and know the authors and email them. That’s
again the problem that finds the right expert in the
methodology.”-P04

“First I will ask my leader who is the experts in this
method, my leader will recommend the person to
me.” - P08

Q&A Websites

The emergence of social media technology has led to the
creation of many online statistical websites, where data
workers can easily share and look for statistical informa-
tion from experts in specific statistical fields. For exam-
ple, StackExchange-CrossValidated1 is a Q&A site for peo-
ple interested in statistics, machine learning, data analy-
sis, data mining, and data visualization. Another famous
Q&A website is ResearchGate2 which is a social network-
ing site for scientists and researcher to share papers, ask
and answer questions, and find collaborators. Some others
like Stackoverflow3 and R Community4 are also commonly
used question-answering sites for data workers.

The interesting thing is that during the interview, all the All participants have
used Q&A sites
information

participants have mentioned they have directly or indi-
rectly used online Q&A forums to search for useful sta-
tistical information. Directly means they know the forum
before and directly go to the page. In contrast, indirectly
means they are lead by other sources, such as they google
something and then find answer link to the page. Partici-
pants mentioned different use scenarios of these websites.
Some of them ask their questions on the sites while others
prefer going through similar questions. When asked about
how they think about these Q&A forums, participants pro-
vided different attitudes and opinion. Furthermore, they

1Cross Validated: https://stats.stackexchange.com/
2ResearchGate: https://www.researchgate.net/
3StackOverflow: https://StackOverflow.com/
4R Community: https://community.rstudio.com/

https://stats.stackexchange.com/
 https://www.researchgate.net/
 https://StackOverflow.com/
https://community.rstudio.com/


36 4 Findings

also mentioned their criteria for judging the credibility of
the answers.

All the above information from the interviews is summa-
rized in the table 4.1.

Table 4.1: Information of Q&A Websites summarized from
interviews

Category Subcategory Interview Extract

Using scenarios

asking
questions

“I asked the question
I mentioned before, re-
lated to principal com-
ponent analysis. There
are 4 or 5 replies within
2 days.”-P12

searching
similar
questions

“I will just go and
read.I would see a
similar question to my
problem.”-P09

Judging criteria

upvote
number

“I will also refer to like
number of the answer.”
- P02

comments
“I will also see the com-
ments if lots of people
agree with it.” - P09

explanation “But if the answer is re-
ally in detail with the
explanation and theory,
I will go deep into it.” -
P03

Attitudes

positive “Lots of people dis-
cuss below the answer,
I know lots of meth-
ods there and also some
analysis mentality.” -
P06

negative
“You cannot find the
exact same question,
I just find similar
ones, compare and
integrate.” - P05

Since all participants mentioned they have used Question-
answering forum to search for some useful information, it
seems to be the most common resource used by data work-
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ers. Combined with the previous findings which reveal
the uncertainty in choosing the right statistical method and
hard finding experts in specific statistical fields, we then
did a survey with three commonly used Q&A websites to
analyze more of how people provide information and ask
for information, also how respondents answer their ques-
tions. Detail information will be shown and discussed in
the following part.

4.2 Findings: Content Analysis of Q&A
Websites

The context within which a data scientist seeks statistical Analysis results
centers around four
main themes

information is multidimensional. We structure the findings
from our analysis into four theme questions:(1)what type
of questions do data scientists ask? (2)what information
do data scientists provide in the questions? (3)what prob-
lems do data scientists have when providing information?
(4)when data scientists choose statistical tests?

4.2.1 Type of Questions

Unlike prior research on social Q&A websites [31, 34, 32],
our framework is not meant to be a universal categorization
of all questions in Q&A websites. Rather, these categories
are specific to the questions asked by data scientists, in the
domain of statistical test selection.

From our analysis, we identify that data scientists use Q&A Three motivations of
asking for statistical
test selections
information

forums for one of three purposes: Seek factual information,
seek validation, and seek resource.

Many questions aim to seek all of the above. This reflects
that questions in ResearchGate and CrossValidated can be
long. The questioner needs to write verbose texts that em-
bed several queries and provides adequate information to
the potential respondents. This may also be a reflection of
the complexity of the problems associated with the selec-
tion of the statistical test.

Questions that seek factual information (53/76)

Most of the questions related to statistical tests posted on “Look-up” question
expecting
quick,fact-based
answer
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the Q&A websites are seeking factual information. The fac-
tual question can be seen as a “look-up” question, where
the expected outcome is a quick, fact-based answer. These
are questions that seek to fill the questioner’s knowledge
gap.

As discussed in section 4.1., it is universally acknowledged
that selecting a significance test is not an easy process—it
involves a complex myriad of decisions throughout the
whole analysis process, from study design to reporting of
the statistical result. So it is not surprising that data scien-
tists use Q&A websites to ask questions to improve their
decision-making skills.

Although we focus on questions that seek information onSeveral queries
embedded to one

questions
choosing the appropriate statistical test, several queries of
other factual information always embedded into one ques-
tion which covers different aspects and stage of the study
process. For example, there are two questions related to
information of sample procedure which is the stage before
the statistics(‘C’and ‘R’ mean the question number in result
sheet5 ):

“[...]Company A wants to sample as few students as
possible because accessing old data is time intensive.
What sampling procedure should the company use?
” - C27

Two questions asking
for sampling

procedure
“[...]Total population is 57, How to identify sample
size and which sampling technique to use?”-R7

Just understanding proper test for the specific circumstance
is always not enough, for those who just step in the sta-
tistical field, following implementation procedure is also a
knotty problem. Here is one question requiring implemen-
tation information:

“My data consists of [...]Which statistical test shouldOne question asking
for implementation of

the test
I apply here? I was thinking repeated measures
ANOVA, but am not sure, and don’t know exactly
how to implement this in R.”-C8

5All QA analysis result included in this link:https://docs.
google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_
gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing

https://docs.google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1xSt12wIbXNa3kFIqjE55_gNxO4T-ri15GS49hgTwhYE/edit?usp=sharing
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For researchers, using the statistical result to validate their
finding is an important skill. Good interpretation of the
data always adds points to the final report. One asker asks
for factual information about how to interpret the result in
the community:

“[...]What statistical method is fit for such circum- One question asking
for result
interpretation

stance and how could we possibly interpret the re-
sult of the statistical treatment?”-C6

Seeking Validation (36/76)

Nearly half of the questions related to statistical tests
posted on the Q&A websites are seeking validation from
experts. This phenomenon is verified and in line with
our previous interview finding. As discussed in section
4.1 theme one, selecting proper statistical tests is always
a difficult and complex process, data workers show over-
whelmed and uncertain in the interview transcript.

In questions where validation is sought, questioners have Questioners already
have one or more
choices

already analyzed the situation and read material to build
initial cognition, then they present an experiment proce-
dure, an opinion of the proper statistical test, or explains
how they initially process their data and seeks confirma-
tion from the answering websites.

In some cases, questioners met problem after collecting the Special situation
happens to the studydata, they may find out that the data does not met their ex-

pectation which will cause an uncertain of previous exper-
iment procedure or initial data analyzing method. For ex-
ample, one questioner explained detail information of the
experimental design to describe how the data collected, but
after finishing the initial data analysis step, confusion oc-
curred.

In other cases, many questioners already make the decision
in mind, but some specific situations such as small sample
size or unconfirmed data type lead them to ask for valida-
tion from experts. One asker wanted to know if it’s valid to
do a mixed ANOVA when the between-subjects grouping
factor has very unequal group size:

“[...] Is there a cut-off point where group sizes are so
unequal that there is no validity (or point) in doing
statistical comparisons (ANOVA in particular) or is
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there a way to analyze this 2x2 design despite the
large group sample differences?”-R5

As a further complication, since data workers are not con-Result is not in
accordance with

expectation
fident about choosing the proper test, if the result is not in
accordance with expectation, suspecting the test and inter-
preting the results becomes an issue as well:

“[...] Based on previously published data a one way
ANOVA would be best for what I am doing...When
I include steroid A on the graph nothing is signifi-
cantly different from my basal reading...This seems
incorrect to me as this means there is dependence
between each response...Is this because of the incor-
rect test and which test should I then use? Or if this
is correct, why should the bar for steroid A be effect-
ing the statistical analysis of my remaining steroids?-
R10

As can be seen from the above examples, choosing appro-
priate statistical tests is really complex and need data work-
ers to make multiple decisions. Even the experienced data
worker could face uncertainty in this process and search for
confirmation from others on the websites.

Seeking Resource(6/76)

A small part of the questions on the two Q&A websites re-
quires resource for building the cognition of the statistical
test. As discussed in section 4.1 Theme three, data workers
reveal in the interviews that they use a variety of resources
in statistical analysis, especially in searching for analysis
procedure. Compared with the previous finding, new re-
source types emerges in the Q&A websites. There are twoOne question asking

for tutorial with
example

types of resource questioners require in our analysis. First
is tutorial or material with examples. Four questioners ask
for reference examples, which validate our interview find-
ings that data scientists prefer using examples to learn an
unfamiliar method. One example is:

“[...]you are mentioning the significance of the
whole model. Is there a particular procedure you
would follow? Or do you have a link/example you
could share?”-C32
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The other one is code scripts or package. Knowing what Code scripts
statistical test to use is just the first step, how to implement
the test with software is also important for data workers. In
our analysis, one asked for specific code script in the web-
site:

“[...]Can we do any type of statistic to see in such
case? if yes please give me code with respect to R.”-
R21

In another question, the questioner wanted to know which One question asking
for programming
package

R package can be used to implement the test:

“[...]Which model would be suitable for my problem
(probably a multilevel linear model?) and which R
packages I could use for the analysis?”-C12

It’s necessary to note that this requirement not just put for-
ward in original questions, but also in the comments after
one answer giving the suggestion test.

4.2.2 Information in Questions

Second theme centers around the type of statistical infor-
mation occurred in two Q&A websites of our surveys. A
summary of what information data workers have provided
in their questions will be represented. Then the overlooked
information which was required by the respondents after-
ward will also be discussed.

Matrix of the provided information

The information that askers provided in the questions is not
only a representation of their understanding of the current
conditions but also reflects problems of choosing the proper
statistical methods. Table 4.2 shows the types of informa-
tion that askers provided in their questions. The frequency
is the number of posts that contain each type of informa-
tion.

As can be seen from the table, data scientists mainly pro- Data practitioners
provide six main
types of information

vide six types of information to present their problems in
choosing statistical tests.
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Table 4.2: Types of information that askers provided in the
questions

Provided Information Frequency

Dataset
(32/76)

All raw data 13
Part of raw data 7
Fabricated data 3
Summary data 11

Assumption 14

Experiment
Design
(76/76)

IV
(71/76)

Name 66
Other detail 66

DV
(64/76)

Fabricated 6
Name 64

Other detail 19
Sample size 32
Procedure 17

Within/Between-group
design

19

Hypothesis 26
Goal of analysis 67

Software 17
possible solution 36

Dataset

Many questioners also provide summary statistics to de-Summary data are
used to summarize a

set of observations
scribe their datasets.Summary data are used to summarize
a set of observations, in order to communicate the largest
amount of information as simply as possible [63].Summary
statistics could be a measure of statistical dispersion, the
shape of the distribution or statistical dependence. Table
4.3 shows different types of summary statistics emerged in
our analysis.
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Table 4.3: Types of summary statistics that askers provided
in the questions

Type of Summary
Statistics

Sample Questions

A measure of
statistical

dispersion
(eg.mean and

standard deviation)

“[...]Additional information:
-The mean of A: 7.11dollars
and B:7.49 dollars
-The standard deviation of
both is the same $8.00”-C34

A measure of
the shape of

the distribution
(eg.skewness or

kurtosis)

“[...]The skewness and Kurtosis
are under acceptable range but
the Kolmogorov-Smirnov
normality test shows significant
value”-R27

If n>1
summary statistics

could also be a
measure of

statistical dependence
(eg.interaction or

correlation coefficient)

“[...]When I ran the ANOVA
with the between-subjects
factor however,the within-
subjectseffects came out not
significant and so did the
interaction between duration
and handedness.”-C3

Many data analysts also provide assumptions of the Many statistical tests
have assumptions
that must be met

dataset. Usually, in inferential statistics, certain assump-
tions need to be assessed prior to analysis. Many statis-
tical tests have assumptions that must be met in order to
ensure that the data collected is appropriate for the types
of analyses you want to conduct. Depending on the sta-
tistical analysis, the assumptions may differ. A few of the
most common assumptions in statistics are normality, lin-
earity, and equality of variance. Failure to meet these as- normality, linearity,

and equality of
variance are the
three most common
assumptions in
statistics

sumptions, among others, can result in inaccurate results,
which is problematic for many reasons. When testing hy-
potheses, running analyses on data that has violated the
assumptions of the statistical test can result in both false
negatives and false positives, depending on the particular
assumption violated. Table 4.4 shows three common types
of assumptions and their sample questions in our analysis.
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Table 4.4: Types of assumptions that askers provided in the
questions

Type of Assumptions Sample Questions

Normality

“[...]I have 3 independent
variables, they are not
normally distributed and they
violate few assumptions such
as the linearity violations
of independence.”-R24

Linearity

“[...]I do a regression
over the data, but it seems
to be non-linear. Which test
do I have to do now to test
my hypothesis?”-C31

Equality of variance
(Homogeneity of

variance)

“[...] I can’t assume that
the variance is the same,so
that cancels out the paired
t-test and the homoscedastic
t-test.”-C10

Many data analysts also provide assumptions of theMany statistical tests
have assumptions

that must be met
dataset. Usually, in inferential statistics, certain assump-
tions need to be assessed prior to analysis. Many statis-
tical tests have assumptions that must be met in order to
ensure that the data collected is appropriate for the types
of analyses you want to conduct. Depending on the sta-
tistical analysis, the assumptions may differ. A few of the
most common assumptions in statistics are normality, lin-
earity, and equality of variance. Failure to meet these as-normality, linearity,

and equality of
variance are the

three most common
assumptions in

statistics

sumptions, among others, can result in inaccurate results,
which is problematic for many reasons. When testing hy-
potheses, running analyses on data that has violated the
assumptions of the statistical test can result in both false
negatives and false positives, depending on the particular
assumption violated. Table 4.4 shows three common types
of assumptions and their sample questions in our analysis.
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Table 4.5: Types of assumptions that askers provided in the
questions

Type of Assumptions Sample Questions

Normality

“[...]I have 3 independent
variables, they are not
normally distributed and they
violate few assumptions such
as the linearity violations
of independence.”-R24

Linearity

“[...]I do a regression
over the data, but it seems
to be non-linear. Which test
do I have to do now to test
my hypothesis?”-C31

Equality of variance
(Homogeneity of

variance)

“[...] I can’t assume that
the variance is the same,so
that cancels out the paired
t-test and the homoscedastic
t-test.”-C10

It’s necessary to note that among these thirty-two questions
with datasets, three of them were provided after requesting
by the respondents in the comments.
For the rest questions which don’t have any type of dataset
provided, more detail analysis then conducted to find
whether the provided information is enough for respon-
dents to give credible answers and what potential problems
exist behind this questions. Table 4.5 summaries the fol-
lowing scenarios and findings of those questions without
datasets.
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Table 4.6: Question without dataset
Information

type
Scenarios

Sample
Questions

Enough for
respondents
(34/44)

Provide enough
info about the
variables or
data collected
procedure.
(27/34)

“[...]I am trying to
study the association
between blood groups
(categorical variable)
and cholesterol levels
(continuous variable)
adjusted confounders?
I was wondering which
statistical test would
be more appropriate?”
-C5

Questions focus
on solving
problems which
don’t need
datasets.
(7/34)

“[...]Is it meaningful
to test for normality
when my sample size is
so small, or can I
simply assume normal
distribution?” - R15

Not enough
for

respondents
(10/44)

Respondents
request
the dataset
(2/10)

“[...]Can’t respond
responsibly without
more information.
Please show some
data,or speculations
of how data may look.”
- C15

Respondents
assume
the dataset
(8/10)

“[...]I suspect
the distribution
of hospital costs is
positively skewed,
is it? If so, I would
strongly consider
using quantile
regression rather
than OLS linear
regression.” - R6

Experiment Design

No matter how concrete it could be, all of the questioners
give information about experiment design.
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The experimental design is the branch of statistics that The designing of the
experiment and the
analysis of obtained
data are inseparable.

deals with the design and analysis of experiments. The de-
signing of the experiment and the analysis of obtained data
are inseparable.

In an experimental study, variables of interest are identi- Most of questions
provide variables
information

fied. Most of the questioners prefer providing information
of independent variables and dependent variables, because
variables information is important in choosing statistical
tests. The UCLA faculty [26]summarized a table which
shows general guidelines for choosing a statistical analy-
sis based on numbers and nature of both independent and
dependent variables.

The result of our analysis reveals that most of the variables There are three
types of fabricated
variables information

were provided with the real name of the study scenarios.
However, still some of the questioners fabricated the vari-
ables when asking the questions. There are three types of
fabricated variables information emerged in our analysis,
detail information will be discussed in the following part.

In some questions, askers created example variables with Fake variables with
same propertiessimilar nature to their own variables, but they were not

willing to provide the real information, here is one exam-
ple:

“Suppose I am doing a case control study. Lets
say...For Example: If ”satisfaction with life” and
”quality of life” are research variables in two
groups...Please explain as my research question is
different, and I have just given an example here.” -
R11

In some other cases, although the real variables name was Fake properties
provided, the data scientists still fabricated the nature of
variables. Such as in the following question, the ques-
tioner gave example categorical dependent variable with
three categories, but later commented that the real depen-
dent variable had five categories:

“I should say that my data has two more score val-
ues than in my example above, it was designed ex-
emplary” - C1

The last fabricated scenario is that some questions just pro- General description
without real name
and context

vide general information of the variables, but without real
name and context of the study. In one example question



48 4 Findings

showing below, we can just infer from the description that
there are two variables with Likert items, but we don’t
know what these variables are and the context background
information:

“I am running Kruskal-Wallis tests in SPSS to com-
pare answers to Likert items among 3 (variable 1)
and 4 (variable 2) groups.” - C29

Except for variables name and context, nature and numbersNature and numbers
of variables are also

necessary
information

of them are also necessary information for choosing the
right statistical test. ‘Other details’ column of variables in
Table 4.2 including nature of the variables, namely whether
it is an interval variable, ordinal or categorical variable, and
whether the variables are dependent/matched or indepen-
dent groups. However, only some amount of the ques-
tioners provide the character information of the dependent
variables. Even among the three of them, respondents re-
quested for this important lacking information, the askers
still didn’t provide it at the end.

Besides variables information, questioners also provide
other units of experiment design. As can be seen from Table
4.2, nearly half of the questions were provided with sam-
ple size. Some of the questions also provide information
related to the experimental procedure and whether it’s a
within/between-group design.

Goal of analysis & Hypothesis

Which statistical test to use for the analysis depends uponOne dataset can
realize different

research purposes
with different

statistical tests

the objective of the study, one dataset can realize different
research purposes with different statistical tests. Most of
the data workers provide their analysis goal in the ques-
tions. Here is one example question with specific analysis
purpose:

“[...]I want to conduct a test to see if there are any
significant differences between the quartile groups
and the independent variables.” - R2

However, just one-third of the questions have hypothesis
statements. A hypothesis is a tentative statement about the
relationship between two or more variables. It is a specific,
testable prediction about what you expect to happen in a
study. For example, a study designed to look at the rela-
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tionship between emotional expression and outcome score
has the following hypothesis statements:

“[...]I have two hypotheses: 1. Direct expression will
lead to a higher outcome than indirect or no expres-
sion. 2. Indirect expression will lead to a higher out-
come than no expression.” - C21

It’s necessary to note that a question with hypothesis state- Hypothesis
statements have
more strict
requirements than
analysis purpose

ment is also judged with analysis goal. On the contrary, a
question that contains the analysis purpose does not neces-
sarily also includes hypothesis statements. Because a good
hypothesis will be written as a statement or question that
specifies the dependent and independent variables and also
the prediction of the effect.

Software

Figure 4.1: Software tag on ResearchGate (R37)

Figure 4.2: Software tag on CrossValidated (C14)

Although we don’t focus on the questions related to the im-
plementation of statistical tests, there is still twenty percent
of the questions including software information. Data sci-
entists provide software information in two ways.

One is in the question description. In this scenario, ques- Software information
is provided in
question description

tioners explicitly mentioned what software they already
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used for the study and expect respondent give them sug-
gestion or material based on this software, here is one ex-
ample:

“I am doing a mixed ANOVA in SPSS where I am
currently comparing the duration of certain script
handwriting in 2 conditions. . . ” - C3

The other way is using the tag function provided by theSoftware information
is provided with tags Q&A websites. In these questions, data analysts don’t pro-

vide software information in the question description. In-
stead, they implicitly choose a software tag to express their
expectation of the respondents to give suggestions based on
this software. Figure 4.1 and 4.2 show two example screen-
shots with software tags.

For these seventeen questions with software information,
only five respondents give answers based on the same
software, they could either be implementation information
with code script:

Figure 4.3: Answer with software code scripts on CrossVal-
idated (C12)

Some respondents don’t provide detail implementationSoftware is implicit
requirement for
implementation

information

codes, instead, they provide some useful materials or ex-
amples with tutorials on how to do suggested statistical test
with the expected software. Here is one example:

“[...] You would use a dependent test be-
cause the same person rated both prod-
ucts instead of having two separate groups
for each variable. Here is an SPSS tuto-
rial for it: https://statistics.laerd.com/spss-
tutorials/dependent-t-test-using-spss-
statistics.php” - C31

However, not all the respondents give suggestions based
on expected software. In one example, questioners already
started the initial analysis with SPSS, but the respondent
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mentioned the complexity of implementing the test with
SPSS and provide examples link of Stata:

“[...]AFAIK, SPSS has no easy, straightforward
way to get the interaction contrasts Stephen de-
scribed...I am a long-time SPSS user who has
started using Stata a lot more in the last few
years. For interaction contrasts of this type,
Stata makes life much easier IMO. You can
see some examples on this UCLA web-page:
https://stats.idre.ucla.edu/stata/faq/how-can-i-
explore-interactions-using-the-contrast-command-
stata-12/” - R37

In the other question (C15), respondent ignored the tag Respondents may
ignore the software
information

with software information ‘SPSS’ and gave suggested test
with R code scripts. The reasons could be the test is easy to
implement with R, or the respondent is more familiar with
R than spss. No matter what reason it might be, the long
answer with detail explanation and code scripts was not
accepted with a checkmark by the questioner, which make
us wonder if it’s owing to unsatisfied software information.

4.2.3 Problems in Questions Formulation

The third theme centers around the statistical questioners’
problems in expressing information needs occurred in two
Q&A websites of our surveys. Our research process includ-
ing detail content analysis of both questions and their an-
swers, we want to find out not only how data analysts ask
statistical questions and provide information, but also how
respondent answer these questions with provided informa-
tion.

During this analysis process, we found information gaps Missing information
and unclear
information are two
main problems of
question description.

between question and corresponding answer. Respondents
always can not give proper suggestions because they don’t
have enough information. Sometimes even the necessary
information is available, they still confused about it because
of the unclear description. The information gap was clas-
sified into two main categories: Missing information and
Unclear information based on respondent comments and
discussions with questioners.
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Missing Information (29/76)

One-third of the questions in our analysis lacks necessary
information for choosing proper statistical tests.

As discussed in the previous section, the decision for a
statistical test is based on the scientific question to be an-
swered, the data structure and the study design. But what
information is needed depends on different circumstances,
sometimes all the information mentioned above is neces-
sary, sometimes just some of it is enough.

Based on this complex situation, we did content analysisOne judging
criteria:whether there

is more information
required by

respondents

for comments and answers below each question, the miss-
ing information can be distinguished according to two stan-
dards. The first one is finding whether there is more infor-
mation required by respondents. In one question, the data
worker had data consisting of body mass measures in four
groups, each treated with different chemical and one being
a control group and asked for the proper statistical test used
for the data. However, there is no information related anal-
ysis purpose of the study. In the comments, one respondent
required:

“What is the research question? Is there any statisti-
cal hypothesis related to it?” - C8

Another standard for judging missing information isThe other judging
criteria:whether

respondents assume
some information or

they gave different
options because of
lacking information

whether respondents assume some information or they
gave different options because of lacking information. For
example, in one question, the questioner wanted to conduct
a questionnaire that measures five domains in males and fe-
males, detail background information was provided except
for data type which was requested by the respondent later:

“First, specify whether the data produced by ques-
tionnaire is continuous or categorical. Chi-square is
a better option for categorical data. If continuous,
then you need to specify whether your data is para-
metric or non-parametric. . . ” - R20

Based on this response, data type and assumption are
treated as missing information.

Table 4.7: Summary of missing information
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Type of missing information Frequency
Data type

(raw/summary data,variables nature)
14

Analysis goal/Hypothesis 10
Assumption 9

Variables 4
Experiment design 4

Sample size 1

As can be seen from the Table 4.6, information of data type,
assumptions and analysis purpose are the three most easily
overlooked information by questioners, which to some ex-
tends also reflects that these three types of information are
most important and non-negligible when selecting the ap-
propriate statistical tests. There are also some respondents
asking for variables and experiments information for mak-
ing the decision. Detail reasons and analysis of why data
analysts always overlook this information will be discussed
in Chapter 5.

Figure 4.4: The process of respondents handling missing
information

Figure 4.4 illustrates how respondents handle the questions
with missing information. The ideal situation is the ques-
tioners quickly response to the request and supplements
the missing information. Seven out of twenty-nine ques- Respondent handle

missing information
in different ways

tions with incomplete information have supplementary in-
formation by the questioners. However, even the informa-
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tion is added, two of them still were not described clearly
and one of them don’t get a response from any respondents
later maybe because of the long-time period, below is one
example question with the above situation:

“Thanks for providing more info, Jane. I suspect the
distribution of hospital costs is positively skewed, is
it? If so, it is likely that for descriptive purposes, one
might decide to use. . . ”-R6

Most of the missing information is not added after some
time period, then respondents handled this problem in
four different ways. In order to explain the analysis pro-Respondent

fabricated missing
information

cess more clearly, some (2/27) respondents fabricated the
dataset with code scripts to answer the question because of
no provided dataset:

“Illustrations with fake normally-distributed, paired
data: The first 6 of n=128 values of T1, T2, and
D=T2T1 are shown below. . . ” - C15

Some of them (7/27) assumed the missing information. InRespondent assume
missing information one sample question, respondent suspected the hypothesis

and give proper test based on his suspicion:

“I presume that your hypothesis concerns whether
the chemical leads to lower or higher mass at fol-
low up. To test this hypothesis, you can use an AN-
COVA.” - C8

However, one dataset can realize different research pur-
poses with different statistical tests. In another case shownAssuming

information is
dangerous and could

make the answer
incredible

in Figure 4.5, the respondent even did not mention he pre-
sumed the assumption information, until another respon-
dent found the problem and give the comments. Imagine
what if Martijin did not find the problem and the questioner
directly used the t-test for the study, this would cause a
wrong analysis result and influence for the whole research.
So that presuming is always not an ideal way of handling
missing information, which may lead an unsatisfied test
and make the analysis in an unexpected direction.
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Figure 4.5: Respondent assume the missing informa-
tion(C6)

Some of them (10/27) gave several options based on dif- Respondents gave
several options
based on different
situations

ferent situations. For example, in one question, questioner
just mentioned the outcome will be scored, but what kind
of score is overlooked, then the respondent gave two tests
for each type of data:

“There are two types of variable, continuous and cat-
egorical.If you want to predict a categorical variable
for example gender (Male and Female) so you must
use logistic regression otherwise multiple linear re-
gression for continuous variable” - R23

Compared with the previous two reactions, this way of Questioners did not
provide required
information

handling missing information is more reasonable and re-
liable. Questioners can later choose the most appropriate
one according to their specific situation.
The rest of them (3/27) of them did not react after request-
ing more information, they just wait for questioners addi-
tional information and did not give the suggestions until
they get enough information.

Unclear Information (13/76)

One-third of the questions in our analysis have unclear in-
formation for choosing proper statistical tests. The differ-
ence between unclear and missing information is, the previ-
ous one has the necessary information which it’s not under-
standable for respondents, while the latter does not have
the information at all. If the information is unclear because
lack of explanation and detail information, then it belongs
to missing information.
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The standard for judging unclear information similar to
how to distinguish missing information. Content anal-
ysis for answers has been conducted and found out
whether the information is confusing and queried by re-
spondents. Furthermore, CrossValidated platform has aEdit function give us

chance to retrieve
improper information

function which allows other experts to edit the original
questions. This gives us the opportunity to analyze im-
proper information provide by questioners. Detail explana-
tion will be described based on two main causation of un-
clear information emerged in our analysis: improper con-
tent expression and unclear knowledge cognition.

Table 4.8: Summary of unclear information

Category Sub-category Frequency

Improper content
expression

Chaotic
structures

4

Inaccurate phrase 3
Ambiguous sentence 3

Unclear knowledge
cognition

Improper analysis
procedure

2

Improper tag 8
Wrong charts 1

1.Improper content expression

There are three types of improper content expression
emerged in our analysis: Chaotic Structure, Inaccurate
Phrase, and Ambiguous Sentences.

Chaotic structure

As discussed in the first part of this chapter, a good ques-How questioner
provide information

influence the quality
of the answers

tion asking the selection of statistical tests always contains
multi-dimensional information. The type of statistical test
to be applied depends mainly upon the hypothesis to be
tested, type of data used in testing, type of sampling de-
sign used in collecting data and the parent population from
which the sample is drawn. After discussing ‘what’ infor-
mation should be included, in this part, we will discuss
‘how’ the information is structured by questioners.

Many questioners described their questions with clear in-
formation titles which indicate each item clearly, from the
descriptions, respondents can clearly judge every informa-
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tion clearly, here is one example with which listed each in-
formation with indicators:

“[. . . ]I have a DEPENDENT VARIABLE which is a One questions
provide clear
information titles

diet quality score that is based on quartile groups
so ordinal (quartile 1, quartile 2, quartile 3, quartile
4). My INDEPENDENT VARIABLE is BMI, Weight,
Waist circumference so continuous. I want to con-
duct a test to see if there are any significant differ-
ences between the quartile groups and the indepen-
dent variables. Which statistical test should I con-
duct?” - R2

However, not all the information was provided in a clear
manner, some questioners provided information in a hy-
brid way. This hybrid information always mixes avail- Many information is

provided in a hybrid
way

able matrix together and make some information implicit,
which is inconvenient for the respondents. In one ques-
tion, the asker used word ‘column’ to describe both vari-
ables and levels and didn’t explicitly indicate what are in-
dependent and dependent variables:

“[. . . ] I’ve got 3 columns one for pre manipulation
of language which will be my control. I only have
positive and negative columns. In addition, I will
also have a column for age(3 levels) and gender (2
levels) and want analysis how these demographics
affect the effect that positive and negative language
has on investor preferences.” - R19

As the consequence, two respondents restructured the Respondents
restructured the
question again to
verify his
understanding

question again to verify his understanding and then gave
the suggestion, compared with the original version, the re-
spondent listed all variables separately and give a clear
analysis question, here is how the respondent reformed the
question in the response:

“[. . . ]3 columns:1- language classified into +ve -ve.
2- age classified into 3 levels. 3- gender classified
into male female. And I understood that: investor
preferences is the outcome Question please: Is the
var. investor preferences is qualitative ?” - R19

Twenty-four Questioners provide their datasets with People prefer provide
dataset with chartscharts. Compared with file, people prefer tables and graphs

since they present the dataset in a more ‘visualized’ way.
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However, this way in the Q&A websites also has some lim-
itations which caused unclear information.

Three tables (R1, R14, R16) are provided in the questionsTables without values
were without values. For these questions, table is just a
function to present variables and loses the original advan-
tage of visibly showing the data. Extra description of about
the datasets such as whether it is continuous, ordinal or cat-
egorical, is still necessary.

One table was provided without column and row namesTable without column
and row names (C45). Without this information, pure data is meaningless.

In the question, just frequency table was shown with no
additional description which was confused to respondents
and it’s obvious that they asked the meaning of the values
later in the comment:

“You need to explain the data structure more, other-
wise it is not clear how would a chi-square test ap-
ply. What do the values represent? Are the rows
meaningful?” - C45

One table has unclear column names which were requiredTable with unclear
column and row

names
further explanation by the respondent(C7). The column
and row names normally reflect the variables in the study.
However, because of the table’s space constraints, a detail
description of the variables is not allowed. In the question,
questioner just uses ‘case’ and ‘control’ as column names to
describe two groups of people and lack context information
of the variables. The respondent later asked the difference
between the two groups:

Figure 4.6: Problem with table structure in the forum (C7)
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Two charts only showed part of the dataset (R21, C13). Table has space
limitation to show all
the dataset

Sometimes the amount of real data is too large to present
all of them in the question space, so that some questioners
just show a small part of it to describe the question. How-
ever, this could cause a wrong choice of the statistical test
due to incomplete information. For example, if the ques-
tioner lacks experience, only part of the skewness data is
shown and the tail part is overlooked by respondents, they
will misunderstand the data as normally distributed and
give wrong suggestion.

Inaccurate Phrase

Three questions were provided with inaccurate phrases Statistics has its own
language(C4, C6, R15). Like every subject, statistics has its own

language. The language is what helps you know what a
problem is asking for, what results are needed, and how
to describe and evaluate the results in a statistically cor-
rect manner. An inaccurate phrase or terminology in the
description will mislead the respondents. For example, in
one question, the phrase ‘in vitro data’ was confusing and
asked by the respondent later:

“Suppose I have an in vitro data of three biologi-
cal replicates for a comparison between two inde-
pendent groups, presumably a two-tailed test since
I want to investigate for any difference.” - R15

In another question, questioner used ‘theoretical values’ to
describe the dataset, but the meaning of this phrase was
asked by the respondent later:

“[. . . ] we have these theoretical values (in Calories)
for our rice samples” - C6

In order to reply to the question and give a proper sug- Respondents
assume confusing
phrase

gestion, respondents assume the confusing phrase with
his/her own understanding.

Ambiguous Sentences

Three questions were provided with ambiguous sen- Ambiguity is not just
happened in the
statistical
description.

tences(C1, C16, R36). Ambiguity is not just happened in
the statistical description. The definition of ambiguous
is something that is unclear or not easily describable and
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sometimes is also used deliberately to add humor to a text.
However, in statistical question description on Q&A web-
sites, ambiguous sentences always confuse the reader and
hinder the meaning of the text. In one example, the ques-
tioner illustrated the hypothesis as follows:

“My hypothesis is: ”Regardless of the context, men
and women differ significantly in emotion expres-
sion...” - R36

this hypothesis caused different interpretations among theOne ambiguous
hypothesis statement

with two
interpretations

respondents, one of them said it could have two meanings
based on whether the variable ‘context’ can be ignored or
not, and gave two possible answers for different interpreta-
tions separately.

In another question, the asker described the experiment as
follows:

“Each subject is assigned to one of three different
Times (morning, noon or afternoon) and receives
one Treatment (A,B or C).” - C1

With this description, one respondent thought it was de-One ambiguity
causes unclear

experiment design
signed in a repeated-within-subject nature and give the cor-
responding solution. The misunderstanding was later cor-
rected by the questioner and made it clear that each partic-
ipant was only tested for one time with one treatment.

As can be seen from the previous two examples, ambiguity
in statistical questions is not as funny as in normal day life
and could mislead the answers in the wrong direction.

2.Unclear knowledge cognition

The other type of unclear information is caused by a lack of
cognition, improper Analysis Procedures, Tags and Charts
are used to present the information.

Improper Analysis Procedures

Two questions in our research used improper procedures to
analyze their data set initially. Data analysis procedure in-
volves multiple steps after getting the data, normally initial
data processing is necessary.

In one question, the questioner created a point system for
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the best seller’s list and added up ranks column, which not Questioner wrongly
processed the dataonly messed up the data but also confused the respondent:

“I’d question your method of creating points. Why
should ranks be additive? The difference in sales be-
tween rank 1 and rank 2 may be very different from
that between rank 9 and 10. And the difference be-
tween 1 and 2 in week 1 may be very different from
the difference in week 2. So, that’s going to make the
data very messy.” - C14

In another question, the asker wrongly used the Kruskal- Questioner used the
wrong testWallis test for the dataset which violates the assumption

and asked by the respondent later:

“If each row represents a region and they are not
ordered, then how are you doing a Kruskall-Wallis
test? That test only applies to ordered outcomes.” -
C25

Improper Tags

A tag is a keyword or label that categorizes the question Tag function is
important in filtering
and recommending
topics

with other, similar questions. Using the right tags makes it
easier for others to find and answer the question. CrossVal-
idated platform has the ‘edit’ function, which provides the
opportunity for both questioners and respondents to edit
the questions and tags. Based on the editing feature, we an-
alyzed what information has been edited later by experts.

The result shows that eight out of thirty-six questions Questioners have
problems of choosing
proper tags

posted on CrossValidated contains improper tags informa-
tion: four of them with wrong tags and the rest four miss-
ing proper tags, for which experts later either added or
changed the tag to increase the match and the probability
of being answered.

Wrong Charts

One questioner used the wrong graph to present
dataset(C30). Not all the charts and graph are good at vi-
sualizing the data in an informative way, it depends on the
data type and distribution. Choosing the wrong visual aid
or simply defaulting to the most common type of data vi-
sualization could cause confusion with the viewer or lead
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to mistaken data interpretation.

Figure 4.7: The wrongly used chart on the websites (C30)

In this question, the questioner used the histogram to showone question with
wrong visualization

chart makes
respondent confused

about data type

counts and did not explain the data is count, which mislead
the respondents. Detail screenshot is shown in Figure 4.7.

As can be seen from the previous examples, question-
ers inappropriately used analysis procedures, tags, and
charts because they lack some specific statistical knowl-
edge. The cognition misunderstanding causes unclear in-
formation provided in the question space.

Figure 4.8 shows how respondents handle questions withRespondents handle
unclear information

in different ways
unclear information. Most respondents perceived the un-
clear information in the questions’ description, except for
one respondent (C1) thought the experiment as repeated-
within-group design because of an ambiguous sentence in
the question description. Fortunately, the misunderstand-
ing information was then corrected by the asker and did
not make a further bad effect on the study.

Two out of thirteen questions with unclear information
have supplementary information by the questioners later.
Most of the unclear information was not explained after
some time period, then respondents handled this problem
in three different ways.
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Figure 4.8: The process of respondents handling unclear
information

Most of them (7/10) assumed the unclear information. In Respondents
assume unclear
information

one sample question, questioner described the experiment
design with an ambiguous sentence which can be under-
stood as both between and within-group design, then the
respondent suspected the information:

“[. . . ] I’m assuming that both algorithms worked
on the same set of documents and that the data is
paired.” - C16

However, assuming is always not a proper way to handle Assuming
information is
dangerous

unclear description. It is ideal that respondents state what
information is unclear and being assumed, if it is not explic-
itly stated, the questioner will accept the unreliable answer
and make a wrong result.

One respondent (1/10) did not react after asking for an ex-
planation of the unclear phrase: ‘theoretical values’ in the
question, he/she just wait for questioners additional infor-
mation and did not give the suggestions until detail expla-
nation is provided.

Some of them (2/10) gave several options based on differ- Respondents give
different options
based on different
situations

ent situations. For example, in one question, questioner
presented the hypothesis statement with an ambiguous
sentence which could have two different interpretations,
then the respondent listed both situations and gave an-
swers separately:

“Sandra, I have two interpretations of your hypoth-
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esis: 1. I can forget the variable ”context”. In this
case, I ignore this variable and a two independent
samples T-test is adequate to compare the two gen-
res. 2. I can not forget the variable ”context”. In this
case, I first eliminate the effect of ”context”, that is, I
apply an analysis of covariance, taking ”context” as
a covariate.”-R36

Compared with the previous two reactions, this way of
handling unclear information is more reasonable and re-
liable. Questioners can later choose the most appropriate
one according to their specific situation.

4.2.4 When Do Data Scientists Choose Statistical
Tests?

A research study involved many steps, which could beA successful study
should include many

continuous steps
summarized as a six-steps process shown in Figure 11.
Careful statistical planning, including the selection of study
endpoints, the determination of the required sample size,
and the selection of statistical tests to be used in the data
analysis, is important to ensure a successful research project
[35].

Figure 4.9: The process of a research study

As stated in the beginning, our analysis focuses on theThe timing of
choosing statistical

information
throughout the whole

research process

questions asking about choosing statistical tests. However,
after close analysis of these questions, we found that the
timing of asking for statistical information throughout the
whole research process. Generally, question timing can be
summarized in three phases: Before Data Collection, After
Data Collection, and After Initial Data Processing.

One classification criteria is based on the provided infor-Question timing is
judged by provided

information
mation. If raw data or some initial processing result is
provided, we can easily judge the question timing is after
data collecting or data processing process. The other stan-
dard is based on the question description. For example,
in one question(C11), the questioner said:“I’m designing
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an experiment to evaluate reagents used to develop finger-
print...”, which implicitly reveals the experiment is still not
conducted.

With the two standards mentioned above, most questions Nine questions
cannot confirm the
question timing

can be classified accurately, except for nine questions. In
these questions, either data or clear description provided to
distinguish whether the experiment is already conducted.
Here is one example:

“I am trying to study the association between blood
groups (categorical variable) and cholesterol levels
(continuous variable) adjusted for confounders? I
was wondering which statistical test would be more
appropriate? Thank you beforehand for any assis-
tance.” - C5

In this question, variables and the analysis question are
clearly illustrated, but only with this little information, we
cannot judge if the question timing is before or after the
data collection process.

Before Data Collection (4/76)

Only four questions were asked before the data collection Also require
information in
previous study
stages

process. These questions are not only related to statisti-
cal analysis but also require information in previous stages,
such as study design and sample size. In many ways, the
design of a study is more important than the analysis. A
badly designed study can never be retrieved, whereas a
poorly analyzed one can usually be reanalyzed. Consid-
eration of design is also important because the design of a
study will govern how the data are to be analyzed.

An important advantage of consulting a statistician before The expert can
involved in previous
stage to avoid design
mistake

a study begins is that she can verify that the planned pro-
cedures and size of the study will be adequate to address
its goals. In one example, the questioner clearly stated the
research question but still did not decide the study design
and sample procedure, which reveals that he/she is still on
Step1 shown in Figure 4.9:

“My research question is comparing nursing stu-
dents knowledge for those who have had a med-
ical terminology course compared with those who
have not. I would like to utilize a question-
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naire/survey to obtain this information. Where I am
confused is what type of testing would this question-
naire/survey be (t-test, ANOVA, etc..).” - R9

For this question, respondents gave suggestions on how toOne question asks
about questionnaire

design
construct the questionnaire and also which statistical test
to use. In another example, the questioner was working for
a company which helps a group of students to prepare for
a standardized test and wanted to know how to conduct a
study with a general goal. It is obvious that the questioner
had no clue with study design and also sample procedure:

“Here are my questions:1. What sampling proce-
dure should the company use? 2. What statistical
tests should the company apply to the data to see
whether there is a statistically significant difference
in difficulty between tests?...” - C27

For this question, the respondents give suggestion fromOne question asks
about study design

and sample
procedure

study design to statistical analysis to help the questioner
conduct the research step by step.

Questions asked before data collection are always accom-
Answers provided

before data collection
is more credible and

reasonable

panied by other requests in previous stages such as how
to form a good research question, how to design the study,
or how to estimate the sample size. For these questions,
expert respondents will give suggestions from research’s
early stage to the final stage which is more credible and rea-
sonable.

However, asking questions without dataset could makeAsking questions
without dataset could

cause unclarity
cognition gaps between questioners and respondents, be-
cause of fuzzy expression and lack of information. As dis-
cussed before, for handling unclear and missing informa-
tion, respondents may assume the information with their
own understanding of the situation, which could cause a
wrong answer. Here is one example comment below a
question without data:

“Can you say how the data are intended to provide
information about a connection between working
memory and problem-solving ability? If those are
connected with Tasks 1 and 2, can you say how? In
plain English, can you state your objective in terms
of the two tasks? // Can you show the data for at
least a few of the subjects?” - C15
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The unclarity happened because questioner didn’t describe
the experiment properly, but if the data was shown here,
unclear information can be inferred from the data and the
problem will be solved effectively.

After Data Collection (36/76)

Nearly half of the questions were asked after getting the
data. In this stage, the type and nature of the data are
clearly known and can be provided in question space to
help the respondents have a better understanding of the sit-
uation.

Compared with asking before getting the raw data, detail Detail raw data
information can be
provided

information about raw data can be provided. Data informa-
tion can make up for fuzzy expression. Sometimes a well-
structured dataset is worth a thousand words. In one ex-
ample, the questioner showed two rows of real values get-
ting from the experiment and asked for verification about
choosing the statistical test. With the provided data, the re-
spondent clearly found the data is very close to 1 and also
highly skewed, then gave the proper suggestion based on
this character:

“Not only do you have heteroskedasticity, with pro-
portions (as in your example) very close to 1 (or to
0) they’ll also be highly skewed (e.g. the individual
values can’t exceed 1, but for a value close to 1, they
could easily be more than that distance the other side
of the mean). High skewness can have a bad impact
on t-tests. . . .” - C10

However, choosing statistical tests after experiments also choosing statistical
tests after
experiments also
causes troubles

causes troubles. For the novice, if there is a problem with
the initial experimental design and sampling process, then
the data collected will be problematic. In one example, the
questioner already gathered data from fifty-seven question-
naires then aksed which statistical test to use for analysis on
Research Gate. However, the respondents pointed out the
irrationality of the questionnaire design and suggested to
generate more questions:

“If your dependent variable consists of only a single
item with 5 points Likert scoring, then this will limit
you to using non-parametric statistics. I suggest that
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you try to generate other similar questions that you
can combine into a scale, because that kind of contin-
uous measure would allow you to use a more flexi-
ble set of statistics.” - R7

The questioner replied to accept the suggestion but not sure
whether her industry mentor would allow her to increase
questions as questionnaire almost finalized.

As can be seen from the above example, choosing statisti-Having the risk of the
previous steps being

wrong
cal tests after collecting all the data could have the risk of
the previous steps being wrong. If all the experiment has
been finished and found that the original design is not suit-
able, then it will consume a lot of resources to start from the
beginning.

After Initial Data Processing (27/76)

More than one-third of the questions were asked after ini-
tial data processing. Presenting these processing results can
help questioners better understand the nature of the data.

The processing could be a series of actions or steps per-Processing is a
series of actions or
steps performed on
data or descriptive

coefficients

formed on data to verify, organize, transform, integrate,
and extract data in an appropriate output form for sub-
sequent use. For example, one questioner (R21) already
did the Shapiro-Wilk normality test and F test to verify
the distribution and ratio of variances. Another questioner
(R5) did the Discrete Cosine Transform(DCT) to the original
data and want to verify the proper statistical tests.The pro-
cessing could also be descriptive statistics which are brief
descriptive coefficients that summarize a given data set.
Such as in one example question(R8), mean and median
were provided.

These initial data processing procedures help respondents
know the detail information of the data and give more cred-
ible answers.
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Chapter 5

Discussion

The main objectives of this research study were to find out
how practitioners seek statistical analysis procedures, how
they search useful information to choose the proper statis-
tical test, what resource they use and what are the general
problems they have met. In this chapter, an interpretation
of the findings and possible reasons for them will be dis-
cussed. We compare the different aspects of our findings
and results to prior work and relate the findings to other
research carried out.

5.1 Possible Causes of Uncertainty

The first theme of the interview results reveals that practi-
tioners feel uncertain when choosing the statistical test and
have used wrong methods for their analysis. This theme
directly correlates to the previous research results which
show issues in significance test selection and confirms this
is a general problem of data scientists [12, 30].Why choos-
ing the right statistical test is a general problem of data
workers? I discussed this with the participants and find
the following three possible reasons.

The first one could be lack of the standard. Although there There is no standard
in statistical test
selection

are lots of materials and resources try to help data workers
make the right decision, such as some online pages [26] and
research papers [50], there is still not a standard and com-
monly used resource which could help data workers solve
this problem:
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“There is no standard about it. It’s hard for re-
searchers to know which is the right test to use and
how to use it”-P04.

They search for available information from different re-
sources, compare and combine all of them then make the
final decision. One participant described this complex pro-
cedure in the interview:

“I googled statistical test, first of all, I checked what
tests are there, it’s a kind of overview, for every test
I checked again google or some books what the test
tells about. For example, I usually go for t-test ex-
amples and check out what they did, does it make
sense for my analysis”-P09.

Secondly, the lack of adequate statistical education is an-People lack targeted
statistical education other main reason. It is well recognized within psychol-

ogy and social sciences that there is a poor understand-
ing of significance testing amongst students, teachers, and
researchers [37]. Most of the participants are not experts
in statistics, they come from different research fields, such
as HCI, psychology, and the economy. They only use sta-
tistical methods to analyze the data in the experiment, so
the frequency of using statistics is relevant slow. Most of
them have only had basic statistical analysis courses dur-
ing Bachelor, and have not accepted systematic training, so
they lack practical experience in statistical analysis. Some
participants indicated the gap between practice and course
knowledge in the interview:

“We have SA course, it’s really basic and similar to
what I learned by myself before. It’s not practical.”-
P05

Thirdly, situations change every time according to experi-Choosing statistical
test is a complex

procedure
mental design and characters of the data. There are many
factors influence which statistical to use, the most impor-
tant of which are data characteristics and research pur-
poses, which are determined by experimental design. Even
a little change could make the final decision different, the
logic behind choosing the right test is really complex.

Statistical inference involves tests of hypothesis, where sta-Uncertainty and
wrongly use of

statistical test can
cause serious

problems

tistical tests play a crucial role. Statistical methods are re-
quired to ensure that data are interpreted correctly and
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that apparent relationship are meaningful and not simply
chance occurrences. Uncertainty and wrongly use of statis-
tical test can cause serious problems. For example In the
field of medicine and nursing, if the researcher makes mis-
takes in calculation while performing the statistical tests,
then the researcher might end up committing a type II er-
ror. In other words, the statistical tests will conclude that
a false drug sample is a correct drug sample. Further,
the researcher might end up tagging a false drug sample
as a correct drug sample. Thus, the researcher should be
cautious while performing statistical tests. In the field of
medicine and nursing, errors in statistical tests can result
in huge problems in people’s lives, as it affects their drugs
and dosages, etc.

5.2 Reasons for the Subjective Attitude
and Existing Problems

The second theme shows some interesting phenomenons
of how data workers choosing statistical methods. We do
not focus on the objective but subjective factors, such as
psychological activities hide behind the surface and have
a huge influence on making the decision of statistical tests.

As can be seen from these findings, data workers prefer us-
ing the most common methods while holding negative at-
titudes toward the new method. Pet et al [54] reviewed pa-
pers published in basic medical science research journals
(included Anatomy, Physiology, and Pharmacology) and
found that authors heavily relied upon the application of
well-established statistical methods only and it seems that
they are avoiding using new statistical methods, which is
consistent with ourfinding.Nour-Eldein H [51] also indi- Studies show that

basic analyses were
used slightly more in
articles

cated that basic analyses were used slightly more in articles
than advanced analyses. The sophistication of statistical
methods are going to be increased over time and avoiding
the use of advanced techniques may miss many possible
important inferences from the same data.

We will discuss possible reasons in the following part. Researchers have
publish concernFirstly, publication concern will affect their choice of sta-

tistical tests. Publishing papers has always been one of
the biggest sources of pressure in researchers’ academic
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life. There is a variety of research have shown that pub-
lish concern is like a double-edged sword, which can have
an impact on research in all aspects. In our interview pro-
cess, many researchers showed different levels of anxiety
about publication. This anxiety influences their decision
of choosing the statistical method for their studies. Many
researchers mentioned that when they choose the statisti-
cal method, they will consider whether the reviewer of the
paper understand and accept the power of this statistical
method. Two HCI researchers talked about this in the in-
terview:

“There are also other thought such as if I use this
method in my paper, will the reviewer of the paper
know this approach, if they won’t will they reject my
paper? so normally we will just stick to the method-
ology already out there, it’s a common thing. ”-P04

It seems that using common statistical methods in theirUsing common
method saves time

for both authors and
reviewers

field is a win-win approach for authors, editors, and re-
viewers. All of them do not have to spend extra time learn-
ing and validating the reliability of the new method. So that
papers with commonly used methods need shorter time
for reviewing and are published sooner which motivate re-
searchers to use common methods more often. This closed-
loop explained why researcher who with publish pressure
prefer choosing the most classic and traditional statistical
tests in their study.

For people working in the industry, things could be differ-Industry people
emphasis more on

the explanatory
nature of the model

ent. One main concern could be the model’s interpretabil-
ity. Hand, D [38] mentioned this concern in the banking
industry. The term ’front end’ in banking industry refers
to models in which the result is communicated to the cus-
tomer. In situations where the application will be told the
outcome such as scorecard, there are often legal obligations
to tell the customer on what basis a rejection has been made.
This means that such models must be interpretable so that
sophisticated neural network or support vector machine
models will not be appropriate. Except for communicating
to customers, colleagues and bosses understand the mean-
ing of the model is also important in the work. One partic-
ipant working in the economics industry mentioned this in
the interview:
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“when we finished our model we have to report
layer by layer, first is the team manager, then is
department manager, why you use this indicator
in your model to predict the risk, it should be
accountable”-P07.

He said this is the reason why the regression model is the
most frequently used statistical model in his working field
(risk analysis) which consistent with Hand, D’s finding that
most popular tool for scorecard construction is logistic re-
gression.

Another main influence factor in industry field could be Running of
complicated models
could take long time

time limitation. Rapid processing and decision-making are
often required, sometimes in real-time, such as deciding
whether to give a loan to a customer. But some complicated
models such as customer segmentation which uses cluster
analysis may be carried out for weeks. One participant who
has talked with a Sweden bank company provided that:

“I asked if they use deep learning model for analy-
sis, they said no, we don’t use that complex method,
we just use simple logistic regression even though
former one could get a better result. Because they
have a really huge amount of data, every week they
running their model, if the model is too complex is
time-consuming”-P08

Time issue also limited industry people choosing statisti-
cal tests, which result in models having rapid running time
such as regression win the game in the industry field.

However, sticking to the most commonly used statistical Researches show
different arguing
against the use of
some traditional
methods

method or a familiar method could raise problems. Kaptein
M and Robertson J [36] mentioned that researchers from
HCI, psychology, medical and economics typically use a
significance testing approach to statistical analysis when
testing hypotheses during usability evaluations. But the
controversy over this traditional method has lasted for over
forty years since Cohen first noted it in 1994 [18]. Crit-
ics of the traditional statistical inference method of signif-
icance testing argue that “it is time for researchers to con-
sider foundational issues in inference” [22].Similarly, Wa-
genmakers, et al. conclude that “experimental psycholo-
gists need to change the way they conduct their experi-
ments and analyze their data” [62].There are lots of other
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research shows different arguing against the use of rou-
tine interpretation of results using p-values. However, re-
searchers, reviewers, and editors still think the result is
statistically significant or “publishable“ when the p-value
is less than 0.05. In school, students still learn this as a
golden rule for getting a significant result. Except for this p-
hacking issues, avoiding using modern method and stick-
ing to the traditional statistical method may miss many
possible important inferences from the same data.

5.3 Types of Questions About Statistical
Test Selection

Data scientists who ask questions on the topic of choosing
statistical tests in both ResearchGate and CrossValidated
are seeking to fulfill a tangled web of needs, sometimes all
bundled within the same question. Based on the informa-
tion requirements, all the questions can be classified into
three main categories: seeking factual information, seeking
validation, and seeking resource.

The primary motivations for asking statistical tests ques-There are three
possible reasons of

people asking
statistical information

on Q&A sites

tions are to fulfill cognitive needs, more specifically, to fill
the knowledge gap. Data scientists tend to expect that they
will not only acquire information related to which statis-
tical test to choose, but also how to plan the experiment
procedure and how to interpret the result. It is not surpris-
ing that the motivation of acquiring knowledge informa-
tion plays an important role choosing to use Q&A website
since these services constitute a knowledge exchange com-
munity [1] that facilitates a user-driven environment for in-
formation seeking and sharing [16].

It was curious that many of the fact-based questions whichAnswer from an
expert is more

credible than the
random results of a

search engine

cover different aspects and stage of the study process, could
have been answered by searching the web with a search
engine, or asking real-life domain experts, which leads us
to wonder why data scientists bothered to post their ques-
tions in Q&A websites. This speaks to several issues, one of
which is information credibility. Data analysts questioners
may think that an answer from an expert in the statistical
field is more credible than the results of a search engine.
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Another reason could be hard finding real-life experts in It is hard to find
expert in real-lifea specific domain. This connects and verifies the finding

from our interviews, many participants complained that
they do not know where to find the domain experts to solve
their problems. Almost all ‘Ask the experts’ Q&A web-
sites have the function of expert recommendation. There
are many studies provided quantitative measurements [49]
and strategies [5] for expert searching in Q&A websites.

The last reason could be it is difficult to refine the question It is difficult to refine
the complex question
to keywords on
search engine

to keywords and ask in search engines. The most important
thing to use the search engine is to be able to refine the right
keywords and not to enter the whole sentence. However,
selecting proper statistical tests is always complicated and
multiple information is needed to make the right decision,
it is impossible to describe the situation clearly and find the
right answer with only a few keywords. This leads data
analyst seldom to use search engines to help them choose
the right statistical methods. Compared with browsing re-
sults of search engines, users present detailed information
needs,and get direct responses authored by humans.

The second motivation of statistical tests selection ques-
tions is to acquire verification from domain experts. This
again corresponds to our interview findings presented in
section 4.1 Theme one, showing that statistical practitioners
feel uncertain when choosing the statistical test and have
used wrong methods for their analysis. Previous research
also shows issues in significance test selection and confirms
this is a general problem of data scientists[12, 30].We listed
and explained three possible reasons in section 5.1. These two

questioners’
motivations inline
with our interview
findings

The last motivation of the analyzed questions is asking for
useful materials to help them make decisions. This veri-
fies our previous finding showed in section 4.1 theme three.
Compared with searching randomly online, resource rec-
ommended by domain experts is more authoritative and
efficient.

5.4 Reasons for Vague and Missing Infor-
mation

Community-driven question-answering websites are a par- The distribution of
quality of
user-generated
content has high
variance
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ticular form of user-generated content, which allows users
to participate in content creation, rather than just consump-
tion. However, content quality has always been a concern
of the user-generated content platform.A complimentary,
and concurrent, the study of questions and answers quality
was performed by Agichtein et al [2], and result revealed
the main challenge posed by content in social media sites
is the fact that the distribution of quality has high variance.
Two main factors influence the post quality is vague and
missing information.

Many studies and material [26, 50, 61] presented that the
statistical test to be used depends upon the type of the re-
search question being asked, the type of data being ana-
lyzed and the number of groups or data sets involved in the
study. Our analysis results correspond to previous stud-
ies’ findings and further subdivide the provided informa-
tion to six types shown in Table 4.2. Actually, not all this
information is required, some questions can be clearly an-
swered with only two or three types of information while
some could need all six types of information provided. It
depends on the question type and complexity of the study.

It is also because of the complexity of the choice of statis-
tical methods, many questions lack important information,
which makes the respondents can not give the right sugges-
tion. The causes of this overlooked information are various,
we summarized all the possible reasons as follows.

The first reason could be lack of experience. Statistical prac-Questioners do not
know which

information should
be provided

titioners have various levels of experience, some of them
are experts in statistical analysis, while most of them are
from other domains, such as HCI, psychology, and the biol-
ogy, and do not have systematic statistical education. They
lack experience in statistical analysis especially for begin-
ners, so that they do not know which information should
be provided. As one questioner noted in the question:

“Please let me know if you would like more detail.
I’m still something of a statistics beginner, so I’m not
sure how much depth is required to be able to an-
swer this question.”-R5

Second could be the data privacy issue. Many questionersQuestioners do not
want to provide own

data because of data
privacy issues

fabricated not only raw data but also variables which have
similar nature with their own study or just provide gen-
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eral information of the variables, but without real name and
context of the study. The reason people prefer to spend time
falsifying information rather than real information is the
privacy issue. With the strengthening of people’s data se-
curity awareness, there are many regulations limiting data
abuse and exposure. What’s more, form the perspective
of the researchers, they always do not want to disclose re-
search topics prematurely to the public, so that the use of
counterfeit data and study context is widely used by ques-
tioners.

Lastly, the information provided is largely determined by Question timing
decide provided
information type

the question timing. As discussed in section 4.2.4, ques-
tion timing can be summarized in three phases: Before Data
Collection, After Data Collection, and After Initial Data
Processing. If questioners consider choosing statistical tests
before collecting the dataset, it is obvious that real data can
not be provided at this stage. Similarly, if the question was
asked before study design, detail context information about
the study can not be provided in the question.

As for vague information, main causation are the im-
proper content expression and unclear knowledge cogni-
tion, which have been discussed as two classification stan-
dards in section 4.2.3.

It’s necessary to note that questioners asked statistical ques-
tions without a formalized structure, and provided infor-
mation in a hybrid way. Many people prefer tables and
graphs since they present the dataset in a more ‘visual-
ized’ way. However, due to space constraints. it is hard
to show the complete data and variable information with
just a chart, which could cause the information unclear.

The wrong use of tail tags is another cause of unclear in- Quesioners select
wrong tagsformation.The reasons for wrongly selected tags could be

insufficient system design and users lack of field experi-
ence.Tags can facilitate indexing, searching, and knowledge
mining of the content in Q&A sites.Under the guidance of
tags, answerers can quickly locate questions within their
expertise and provide answers with higher quality. This
high-quality content raises the overall quality of the Q&A
portals and can attract more users.

Although tag recommendation has been studied for a long Lack of research
leads to defects in
tagging system
design in statistical
domain

time [33, 56, 24], little attention has been paid to tag rec-
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ommendation for questions in Q&A websites, especially
for questions in the statistical area. Lack of research leads
to defects in tagging system design. For example, tags in
CrossValidated are manually selected by the questioners
through a huge tag list, which causes missing or wrong se-
lections for questioners, especially for beginners in the sta-
tistical field. The other website ResearchGate can automat-
ically create tags from the question description, however, it
does not allow other experts to edit the tag later.

5.5 Proper Question Timing

The analysis result showed that the timing asking for statis-
tical tests selection throughout the whole research process.
Generally, the question timing can be summarized in three
phases: Before Data Collection, After Data Collection, and
After Initial Data Processing.

Many statistical experts think it is important to have an ex-Many experts
indicate the

appropriate statistical
analysis should be

decided before
starting the study

perimental design planned out before the start of collecting
data, and to have some an idea of planning on analyzing
the data [44, 52]. Barun et al [50] stated it is important that
the appropriate statistical analysis is decided before start-
ing the study, at the stage of planning itself, and the sample
size chosen is optimum. These cannot be decided arbitrar-
ily after the study is over and data have already been col-
lected.

However, only four questions were asked before the data
collection process, the overwhelming majority of questions
were asked after getting the data, which violated the rec-
ommendations of many previous studies. Why most of the
questions were asked after getting the data, possible rea-
sons could be summarized as follows.

For some beginners, they do not have previous knowledgeBeginners do not
know which is the

proper selection
timing

about when to choose the statistical test for their study.
They just finished their study and found themselves with-
out any ideas or countermeasures on how to deal with this
data.

For intermediate level statistical practitioners, they areIntermediate data
practitioners are

more confident in
selecting tests

more confident with statistical analysis and believe they
can handle the statistical part after getting the data. How-
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ever, different types of data are analyzed in different ways,
they may find the data collected involves methods and/or
responses that may be different from those to which they
are accustomed.

Last reason could be a planned study takes an unexpected A planned study
could take an
unexpected twist

twist. Rather than improvise and hope for the best, people
consult the experts on websites who can help to weigh the
merits and drawbacks of different possible actions.

5.6 Potential Solutions

Based on the results of our study, we propose the following
suggestions for the continued evolution of statistical Q&A
websites for supporting data scientists’ statistical tests se-
lection.

The system should figure out question timing at the very The system should
figure out question
timing at the very
beginning

beginning. We have found that data analysts choose statis-
tical tests mainly at three different stages, before data col-
lection, after data collection, or after initial data processing.
The timing decides what and how detailed the information
can be provided. It is necessary that before the user input
the information, a question box with three options show up
and ask the user to choose the current research stage.

According to different timings obtained from the previous The system should
tell data scientists
what information
should be provided

question, the system should tell data scientists what infor-
mation should be provided at this stage. Our analysis re-
sult shows that data scientists mainly provide six types of
information to describe their problems in choosing statisti-
cal tests, but not all of them are necessarily provided. The
system should present all these six types of information to
data scientists first. For questions asked before data collec-
tion, at least experiment design (variables type, study pro-
cedure) and analysis purpose are mandatory, the rest infor-
mation is optional to provide for questioners; For questions
asked after data collection, the system should prompt users
to provide different kinds of datasets.

At the same time, the system should help users to provide The system should
help users to provide
the information in a
more structured
manner.

the information in a more structured manner. Our result
shows that the provided information is unstructured and
data scientists provide all the information in a hybrid way.
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Combined with the previous implication, the system could
give six blocks presenting six types of information and give
questioners the flexibility to choose and fill each block. For
the dataset block, the system should also provide different
kinds of charts to help data scientists provide their data in
a proper way.

The system should have the fabrication function to helpThe system should
have the fabrication

function to help users
fabricate datasets

and variables.

users fabricate datasets and variables. One important find-
ing of our research is that people use fake data or variables
to describe the situation because of privacy issues. Based
on this finding, the system should ask the user to provide
the distribution and features of the data and create a dataset
similar to the real one. For variables, type and number
should be provided first, then the system should fabricate
the similar research context and variables automatically.

The system should alarm the questioner with every com-The system should
alarm the questioner
with every comment

and encourage
questioners to

complement the
lacking information.

ment and encourage questioners to complement the lacking
information. Our analysis reveals that among the questions
which respondents ask for more information, only a small
part have questioners response.This causes respondents to
presume or give different options based on their own un-
derstanding of the scenario.In order to avoid the unreliable
assumption, the system should alarm function to remind
questioners of new comments and provide incentives to en-
courage users to complement the lack of information.

The system should automatically generate and allow ex-The system should
automatically

generate and allow
experts to modify the

question tag.

perts to modify the question tag. Under the guidance of
tags, answerers can quickly locate questions within their
expertise and provide answers with higher quality. How-
ever,research result shows that many questions asking for
statistical tests selection do not have proper tags. In order to
solve this problems, they system should automatically gen-
erate the tags based on keywords and topic extraction and
also allow experts to modify the tags later to make ques-
tions easier to understand and thus accelerate the process
of the questions being solved.
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Chapter 6

Conclusion

The purpose of this study was to understand how prac-
titioners choose statistical procedures. In particular, how
they search useful information to help them make the deci-
sions.

In this study, we interviewed couple of data scientists and
the result centers around three main themes. The uncer-
tainty of the selection is a common concern among data
scientists and they have used or recommended wrong an-
swers to others. Second theme reveals subjective criteria for
selecting the proper tests, they prefer to choose the most
commonly used method in their research field and hold
negative attitudes towards learning new methods. The last
theme shows that data scientists use available resources to
help them make decisions, such as books, papers and com-
munication with others. Since all of them mentioned that
they have used the information on Q&A sites ,we decided
to analyze the Q&A platform to understand how they ask
questions ,what information they provided and what prob-
lem they are facing.

We searched questions asking for selection of the statisti-
cal tests on StackOverflow, CrossValidated and Research-
Gate and had totally 76 questions coming from different
domains.

The analysis of these questions and answers shows that
data scientists use Q&A forums for one of three purposes:
seek factual information, seek validation, and seek re-
source, which verify and complement our interview find-
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ings.

They provide mainly six types of information to present
their problems in choosing statistical tests, it is necessary to
note that some of data scientists prefer using fake dataset
and variables information to describe their problem which
may due to data privacy issues. Result also indicated that
missing and unclear information are two main problems in
question description. The reason of missing information
could be summarized as lack of experience, data privacy
issues and question timing. As for unclear information,
it because of improper content expression, such as chaotic
structure, inaccurate phrase and ambiguous sentence. Un-
clear knowledge cognition is another main reason, which
consists of improper analysis procedure ,improper tags and
wrong charts. For handling the missing and unclear infor-
mation, respondents either give different options, assume
or fabricated information to answer the question, which
could be really dangerous and make the information in-
credible.

Another interesting finding is when data scientist choose
statistical tests, question timing decides what information
can be provided at this stage. Analysis result shows that
the question timing can be summarized in three phases: Be-
fore Data Collection, After Data Collection, and After Ini-
tial Data Processing. For questions asked before collecting
data, they always also ask steps before analysis, such as the
plan of the study and experts and involved in earlier stage,
so that the answer is more reasonable and credible. For the
questions asked after data collections, detail data informa-
tion can be provided but previous steps could be wrong, it
will cost lots of resource and time to do re-collecting step.
As for the questions asked after initial data processing, de-
scriptive statistics could be provided and a series of actions
or steps already been performed on the data, which could
give the respondent a clear overview of the situation.

Based on all interview and content analysis findings, we
propose some design implications for Q&A service help-
ing for choosing statistical tests. The system should fig-
ure out question timing at the very beginning, since when
people ask questions decide what information can be pro-
vided at this stage. According to timing information, the
system should also give hint on what information should
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be provided and help structure the information in a good
manner. The system should also have the fabrication func-
tion to help users who do not want to provide their own
data fabricate datasets and variables. It is better that sys-
tem can alarm the questioner with every comment and en-
courage questioners to complement the lacking informa-
tion. Lastly, tags information is quite important to locate
questions within their expertise and provide answers with
higher quality, so that the system should also automatically
generate and allow experts to modify the question tag.
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Appendix A

Informed consent form

Principal investigator:
Yue Hu
RWTH Aachen University
yue.hu1@rwth-aachen.de

Purpose: The goal of this project as a whole focuses
on the improvement statistic analysis, with particular
interest in how data analyst finds useful information
during their study, how they ask questions and the
handle problems. The study does not aim to eval-
uate your techniques or experiences. Rather, I am
trying to learn more about statistical analysis and the
data collected during this study will be used to un-
derstand statistical analysis workflows and strategies
to cope with problems that arise during the process.

Procedure: Participation in this study involves a dis-
course to understand user’s experience and background
information, followed by a series of semi-structured
questions.The experimeter will capture the screen and
record the audio of the entire session. All information will
be confidential. (See ‘Confidentiality’ below for details.)

Risks/Discomfort: Even though the study is expected
to last no longer than one hour, you may become fa-
tigued during the course of your participation in the
study. Feel free to take as many breaks as necessary
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during the study. There are no risks associated with
participation in the study. Should completion of the
task becomes distressing to you, it will be terminated

Confidentiality: All information collected during the
study period will be kept strictly confidential.You will be
identified only through identification numbers and back-
ground information you divulge in publications or reports.
If you agree to join this study, please sign your name below.

� I have read and understood the information on this form.

� I have had the information on this form explained to me.

Participant:

Signature

Date

Investigator:

Signature

Date
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Appendix B

Interview Protocol

The goal of this project as a whole focuses on the
improvement statistic analysis, with particular interest in
how data analyst find useful information during their
study, how they ask questions and the handle problems.
The study does not aim to evaluate your techniques or
experiences. Rather, I am trying to learn more about
statistical analysis and the data collected during this study
will be used to understand statistical analysis procedure
and strategies to cope with problems that arise during the
process.

B.0.1 Interviewee Background

1. How long have you been doing statistical
analysis(since the first time you know it)?

2. Have you take any statistical analysis course?

3. When you did your practical study later do you
think this information you got in the course is
helpful?

4. What’s the topic of your Master thesis?

(a) Did you include statistical analysis part in it?

(b) How did you decide to do it?
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B.0.2 Walkthrough a prior task

5. What’s is your recently completed study included
statistical analysis?

(a) When you design the experiment you already
consider the statistical anslysis part?

(b) Which test method did you choose?
(c) How did you decide which test methods to use?
(d) Are you sure or confident about if you choose

the right test methods?

6. Which tools did you use for this statistical analysis
study?

(a) Some other tools you use for your statistical
analysis?

(b) How did you know these tools?
(c) How did you learn to use this software? Is it

user-friendly or have you met some problems
when using it?

(d) Are you sure or confident about if you choose
the right test methods?

7. After finish statistical analysis part ,what result did
you get?

(a) Is the result significant?
(b) Have you ever met the situation that the result

is not good?such as the p value or effect size is
not good as expectation?

8. What about the report you write of this statistical
analysis study. What did you include,what is the
structure?

(a) Normally what is the structure of your
statistical analysis report? Will you include
detail information of your statistical analysis
study such as standard derivative means?

(b) Did you asked someone to check the study
process and the report?

9. What do you think the most difficult part of this
statistical analysis?
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10. Did you met some problems during the analysis?

11. How did you solve this problem?

12. If you had a magic wand ,what would you change to
improve this statistical analysis process?

13. How long did you take for this statistical analysis
study?

(a) How long do you think you spend on
information gathering and finding? such as
googling, finding useful papers, finding the
proper tools ...

(b) Normally how long will a statistical analysis
take in you previous experience?

B.0.3 Summary question

14. How do you think of statistical analysis and why do
you have that feeling?

15. Normally you work alone on statistical analysis part
or is a team work?

16. How will you share info with each other?How you
discuss with others?

17. Normally how you find information which is useful
for your statistical analysis? which do you think is
most useful or effective?

18. Did you go to QA sites such as Stackoverflow to ask
questions or find the useful answer about statistical
analysis?

(a) Which website you used?

(b) Can you remember one scenario what questions
you asked or what answers you are trying to
find?

(c) Did you get the answer you want?

(d) How did you judge the answer is right or
useful?
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19. Do you think the useful material is easy to find for
statistical analysis in HCI field (on google/on
internet...)?

20. What advise would you give to the person who just
start statistical analysis in HCI field?
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