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Abstract — Data types are important concept when designing and planning a study or analysis because the existing
statistical methods in the literature can only be used with certain data types along with their assumptions. The basic/
majority 3-type of (response or outcome measure) data are continuous, categorical/discrete, and Time-To-Event (TTE).
One has to analyze continuous data differently than categorical and also differently than TTE data; and vice versa.
Otherwise, inappropriate choice of statistical methods would result in improper analyses and very biased results; yield
to misleading conclusions and recommendations. Therefore, knowing the types of data one encounters would enable one
to pre-specify the appropriate method of analysis. The purpose of this (integrated) short-note article is for teaching and
training: to point-out and note the most-frequently seen 3-type of data in the real-world applications with the well-
established statistical methodologies in the literature where the computing is doable via popular statistical software.
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I. INTRODUCTION

In the real-world applications, data analysis, conclusions, and recommendations of a study requirements
should be driven by data type (obtained by the purpose and reasons of a study), as opposed to by arbitrary/non-
suitable methods. In other words, many common errors are to forcefully utilize a specific statistics method, and
then insert the data to the method. Rather, the reverse is a more sensible/proper order — first, determine what
data type we encounter [or to design and collect], then select the appropriate method accordingly. In the later
way, the method chosen would be statistically valid, has a logical rationale, sound and justifiable to the

objective, design and data needs for the purpose of a study.

In this short-note paper, we first present the most-frequently encountered basic/majority 3-type of data (as
opposed to advance/minority), in terms of the response variable (i.e., the outcome measure or dependent
variable). Such outcome measure or response variable can either be continuous, categorical/discrete, or Time-
To-Event (TTE) type of data; and the assumptions of Large-Sample (Asymptotic) Normal Theory and
independent-and-identically distributed (iid) cases must be checked and satisfied. In other words, if any of these
assumptions are violated severely, then the results of the analyses can be very biased/inaccurate, imprecise, and/
or invalid. Note that the word “majority” indicates more than half (or the greater number). Meaning, more than
50% of cases one encountered would typically fall under these 3-type of data. Note also that the word “basic”
implies these are not the only types of data exist but there are more (advance) types beyond the basic. However,
those advance/minority data types, such as Time-Series data [1], Spatial data, Spatio-Temporal data, not
independent but identically distributed (non-iid data), with one/more covariates inclusion, etc., are beyond the
scope of this short-note article. Next, we integrate the roadmaps to emphasize each of these basic/majority 3-
type of data (i.e., the outcome measure or response variable or dependent variable). Such (integrated) review of

the basic roadmaps (basic/majority 3-type of data) will be helpful for practitioners, investigators, educators,
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students, and researchers in various fields (such as clinical trials, epidemiology, finance, business, economics,

education, sociology, psychology, human health, along with many others) to determine which methods are
suitable for their particular data type. We also highly recommend to well-train these topics in the Statistics
and/or Data Science graduate programs so that their graduates will be ready to properly handle the majority of
the problems in the real world, adequately. Hence such roadmaps need to be studied/trained sequentially, with

the following recommended order: continuous, categorical, and TTE sequence.

On the most-recent 2020 World Statistics Day [2] webinar, a virtual conversation of the perspectives on the
future national statistics occurred. In the conversation, presenters pointed out that besides accuracy and
precision of the results, timeliness of results are also of a higher-priority rank. Therefore, a well-balanced
management of all these important factors are needed to be taken into accounts. Then, in order to reach
timeliness goal, on top of accuracy and precision goals, such easy (ready) and quick (fast) access to these
prescriptions of the basic/majority 3-type of data will be very helpful to the practitioners, investigators,
educators, students, and researchers in the real-world applications.

To date, there is no literature that clearly and concisely emphasize, note, and summarizes the [statistical
methods] review of such these basic/majority 3-type of data: continuous, categorical/discrete, and TTE. Such
inadequacy is evidenced from questions and lengthy discussions raised on the American Statistician Association
(ASA) group emails or webinar or postings, various different workplaces, and a professional subject-matter
experts (SME) research association such as Research Gate (RG), regarding how to analyze and what are the
appropriate methods to use when they encounter such basic/ majority 3-type of data. Therefore, in our standard
[statistical] line of practice, we frequently find practitioners, investigators, and researchers get confused about
the data type and the appropriate methods available to use, and post questions on ASA, workplaces, and/or RG
platforms. To close such confusion gap, this short-note article will be very practical and helpful to various
practitioners, investigators, educators, students, and researchers, in various fields of study, for both prospective

and retrospective studies, and in both the statistical design and data analysis plan.

I1. MOST FREQUENTLY SEEN 3-TYPE OF DATA (OUTCOME MEASURE / RESPONSE /

INDEPENDENT VARIABLE)
2.1. Continuous Data

The first type of data or response variable or outcome measure that we most encounter in the real-world
applications is continuous type of data. Continuous Data response or outcome is very common in real-data
applications such as clinical trials, finance, business, economics, epidemiology, sociology, etc. The reviews of the
analysis of such Continuous [3] outcome measure (or response variable) is shown to have a long history, beginning
with the two-sample t-test with s-pooled [4], One-Way ANOVA [4], two-sample t-test with Satterth-Waite Exact
degrees-of-freedom [4], Welch ANOVA test [5], Wilcoxon Rank-Sum test [6] or Mann-Whitney test [7], Kruskal-
Wallis test [8], Paired t-test [9], up to the multiple comparison procedure (MCP) [10]. These literature presents the
hypothesis testing procedures that are available for various types [one-sample, two-sample, and multiple-sample
tests] of continuous-data type of outcome measure (or response variable) with one grouping variable (factor) of
multiple levels to multiple factors with multiple levels. For master-degree analysts, they need to [at least] master all

these Continuous [3] data-type of analysis methods, in order to thrive well in the real-world jobs.
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2.2. Categorical Data

The second type of most commonly seen data or response variable or outcome measure in the real-world
application is categorical (binary outcome) type of data. Categorical Data or most particularly binary or
dichotomous outcome (i.e., success vs. failure, dead vs. alive, 1 vs. 0) is very common in real-data applications.
The analysis of such categorical outcomes has a long history, beginning with the single 2 x 2 table,
multiple/stratified 2 x 2 tables, matched/paired 2 x 2 tables, to big table such as K x K tables. Rahardja et. al. in
2016 [11] provide a comprehensive review of the hypothesis testing procedures that are available in the literature
for various types of categorical data, particularly on the two independent or dependent (matched pair) samples with
binary data, with or without stratum effects. The review includes classical methods such as Fisher’s Exact [4],
Pearson’s Chi-Square [4], McNemar [12], Bowker [13], Stuart-Maxwell [14-15], Breslow-Day [16] and, Cochran-
Mantel-Haenszel [17-18], as well as newly developed ones such as Homogeneous Stratum Effect (HSE) test [19]
and Common Risk Difference (CRD) test [20]. In order to be reasonably ready in the workplaces, any Master-
Degree graduate programs (of the aforementioned majors) should master [at least] half of these Categorical data-
type of analysis methods prescribed in the Rahardja et. al. [11] paper; while PhD-Degree graduates should master
all these methods.

2.3. Time-To-Event (TTE) Data

The third type of most commonly seen data in the real-world application is TTE type of data. The analysis of such
TTE Data or outcome measure (or response variable) has a long literature, beginning with the Kaplan-Meier (K-M)
[21] or Product Limit (PL) Estimator, Life Table (Actuarial Estimator) [22], Log-Rank (Cox-Mantel) Test [23-25],
up to the Cox (Proportional Hazard) Model [26]. Rahardja and Wu in 2018 [27] summarize both descriptive and
inferential methods available in the TTE literature. Similarly, any graduate programs (of the aforementioned majors)
would be much beneficial to master such TTE data-type of analysis methods [27]. In the next Section, we

summarize the roadmaps of the above basic/majority 3-type of data.
I1l. ROADMAPS

3.1. Overall (Big Picture) Roadmap

In Figure 1, we display the roadmap for practitioners and researchers to select the most suitable method available
in the literature for their type of data. As described in Section 2, the corresponding roadmap method in the Figure 1

is organized by whether the data (outcome or response) type is continuous, categorical, or TTE.

see roadmap of
—™

CONTINUOUS

Rahardja (2017)
paper

The Basic 3
Types of Data

_— see readmap of —
——[CATEGORICAL] - 22t O PR aharda, Y ang, Zhang

(Binary Data) (2016) paper

(Outcome Measure/
Response Variable)

Time-to-Event | see roadmap of J Rahardja and Wu
(TTE) (2018) paper

Fig. 1. The Most-Frequently Seen Basic/Majority 3-Type of Data (Response Variable or Outcome Measure or Dependent Variable).
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Next, if the data (outcome or response) type is continuous, the roadmap will lead to Figure 2; whereas if the data
(outcome or response) type is categorical, the roadmap will guide to Figure 3; and finally, if the data (outcome or
response) type is TTE, the roadmap will direct to Figure 4.

3.2. Continuous-Data Roadmap

In Figure 2, for the continuous data (outcome or response), the roadmap method is provided by whether or not
the response variable (outcome measure) is independent, then by whether or not the outcome is normally
distributed data, and finally, by whether or not the outcome variable has homogeneous variance. Then either
yes/no response variable (in each of the 3-sequential aforementioned questions) will lead to whether the
grouping variable (or factor) is two-sample for a two-level factor or is multiple-sample or k-sample (where k is
greater than 2) for a multiple-level factor.

2-sample t-test

/N;j (S-pooled)

> 2 sample?

One-way ANOVA |

/lEQUAL VAR/not? I 2-sample t-test
(Satterth-Waite Exact d.f.)

> 2 sample?

Yes

Welch ANOVA |

Wilcoxon Rank-Sum Test
(Mann-Whitney Test)

> 2 sample?

Kruskal Wallis Test I

|INDEPENDENT/not? |

Paired t-test
(required Normality &
Homogeneity Variance)

Yes

~ Multiple (Pairwise)
Comparison Procedures (MCP)
(some required Normality &
Homogeneity Variance,

some do not)

Fig. 2. Continuous-Data Roadmap for Two-Sample and Multiple-Sample Testing.
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3.3. Categorical-Data Roadmap

In Figure 3, for the categorical data (outcome or response), the roadmap is presented by whether or not

stratification table (multiple contingency table) is needed, then by whether the two groups are independent or

dependent (paired) data, and finally whether or not equality/commonality/homogeneity exists (intuitive, depending

on each of the scenario asked in the roadmap).
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_—"small sample)
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[2x2) or (lkxk)
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“of symmetry
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- 5tuart-fMaxwell Test
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Breslow-Day

STRATIFY/MULTIFLE
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.-"HFF--
Independent
(2x2) ar (kxk)
H"'“a
~yfCochran-Mantel-
Haenszel (CWH) Test
Zhao et ol
_~|(HSE) Test
L

Dependent/Paired

(2x2)

—— Zhac-Rahardja
(CRD) Test

Fig. 3. Categorical-Data Roadmap by Stratify or Not.

3.4. TTE-Data Roadmap

In Figure 4, for the TTE data (outcome or response), the roadmap is prescribed by whether the statistics type

desired is descriptive or inferential statistics. Then, if the statistics type is descriptive, the roadmap will lead to

whether the estimates displayed is graphical (K-M Curve or Product Limit Estimator) [21] or tabular (Life Table or

Actuarial Estimator) [22]; whereas if the statistics type is inferential, then the roadmap will lead to whether there is

only one covariate with multiple levels (Log-Rank or Cox-Mantel Test) [23-25] or multiple covariates/predictors
(Cox or Proportional Hazard Model) [26].
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Fig. 4. TTE-Data Roadmap for Descriptive and Inferential Methods.

IV. SUMMARY

In real-world applications, the above roadmaps of the basic/majority 3-type of data response or outcome are
very frequently seen. Those 3-type of data (i.e., outcome measure or response variable or dependent variable)
are continuous, categorical, or Time-To-Event (TTE) type of data. All three types of data have long history of
literature. In this short-note (integrated) paper, we point out a review of those three basic/majority types of data
in the provided roadmap, as shown in Figures 1-4. As pointed out in the Introduction (Section 1), there are

(more advanced/minority) data types beyond the scope of these basic/majority 3-type of data, presented here.

In summary, this short-note (integrated) paper will be helpful for the practitioners, investigators, educators,
students, and researchers in the various fields of study (such as clinical trials, oncology, finance, business,
economics, education, epidemiology, sociology, psychology, etc.) to determine the appropriate method suitable
for their data types, according to the provided roadmap in Figures 1-4, for both prospective and retrospective
studies, and in all the statistical design phase, data collection, and analysis plan phase. It is also highly
recommended for statistics-related graduate programs (i.e., those majors such as Statistics, Biostatistics, Data
Science, Economics, Finance, etc.) to teach and train their graduate students to master these methods in order to
be properly well-prepared to handle/solve real-world problems, adequately.

V. CONCLUSION

The prescribed methodologies and roadmaps (Figures 1-4) for the (basic/majority) 3-type of data will be
useful for teaching-and-training and helpful for the benefits of many others (practitioners, investigators,
educators, students, and researchers) in the various fields of study.
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