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A b s t r ac t
Statistical analysis comparing two groups is most frequently reported in the literature; an unpaired t-test is popular to inform results from two
independent groups. The t-test is parametric and makes certain assumptions about the data. Literature, however, has shown that the t-test is
robust to statistical assumptions violation. Many researchers, therefore, do not test assumptions to apply t-test. The robustness property of the
t-test has certain limitations. A researcher interested in reporting results using a t-test must know the following:
• What are the assumptions for an unpaired t-test?
• Are assumptions essential and need to be tested?
• What is robustness in the context of statistical tests?
• Are there any reporting standards to report t-test results?
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Introduction
Uncertainty is an integral component of health research; a
primary goal of the researcher is to quantify uncertainty and
generate evidence for or against the intervention. Statistics plays
a significant role in obtaining credible inferences from the data.
Many applied researchers, however, study statistics as an elective
subject—grapple with understanding the nitty-gritty of statistics.
Over the years, many reviewers and methodologists highlighted
the statistical flaws in the submitted manuscripts—a common
reason for rejection. Expert groups framed guidelines such as
CONsolidated Standards Of Reporting Trials (CONSORT) and
Statistical Analysis and Methods in the Published Literature (SAMPL)
to improve the reporting standard; several statistical software
is also available to analyze data. Despite the increasing concern,
guidelines, web resources, and software, the standard of statistical
reporting has not reached the expected standard.
The study design, sample size, and assumptions are the
fundamental requirements for selecting correct statistical tests.
Comparing outcomes among two groups is common in health
research1,2; the t-test, therefore, is popular among researchers. The
t-test, in general, refers to an unpaired t-test. It is, however, better to
state explicitly unpaired t-test in the manuscript—there are other
t-tests such as for single and paired groups. To avoid confusion,
subsequently, we will use the t-test for unpaired or independent
t-test in this manuscript. An unpaired t-test is basic and easy to apply
with existing software—despite this, many researchers incorrectly
use it. 3 The t-test being parametric—makes assumptions about
data. Many researchers cite the robustness property of the t-test
to perform the analysis when data do not meet assumptions. Many
methodologists have raised concerns about the applicability of the
t-test—when the sample size is small or skewed.3,2
Therefore, this manuscript will display the steps to analyze the
report and interpret study findings from two independent groups.
The order of the discussion will be: (1) the problem statement; (2) a
t-test; (3) why and what assumptions are essential; (4) the limitation of
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robustness property; (5) interpretation and reporting of study findings.
We will begin by framing a research question. All the analysis of the
data was conducted using R Commander (Rcmdr)—a graphical user
interface for free, open-source, and command-driven R software.4

Problem Statement
Postgraduate Institute of Medical Education and Research
(PGIMER) is a tertiary care institute; the mandate of PGIMER is to
undertake intensive research in the health domain. 5 Statistical
analysis training and application of the same to analyze health
care data for improving services in the institute is an essential
and integral part of students’ training. The literature has shown
increasing statistical anxiety among medical students. 6,7 The
researcher selected a reliable and valid Survey of Attitudes
Toward Statistics (SATS-36) questionnaire to capture statistical
anxiety. Higher SATS indicate high anxiety—a low score is better.
The SATS was administered among students and the research
staff (R staff) of the institute. The survey’s objective is: is there
any significant difference between the statistics anxiety of the
two groups? To further clarify, the “R staff and students” are the
two independent groups and statistics anxiety is the outcome
variable in the study.

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Statistics Corner: Comparing Two Unpaired Groups
Table 1: Displays the general set of assumptions made by parametric
tests
Assumption

Brief explanation

Randomness

Test/graph

The participants are
randomly selected from the
group of participants.
Independence
The selection of
participants is independent
of each other.
Measurement
The dependent variables
scale
are measured at least on
an interval scale and the
independent variable on a
nominal scale.
Normality
The sample comes from a
population that follows a
bell-shaped distribution.
Homoscedasticity The variance is similar in
both groups.

Run test

Outlier

Mahalanobis
distance and
Dixon’s test

There are no extreme
values in the data.

Shapiro–Wilk and
quantile plot
Levene’s test, box
plot, and Bartlett’s
test

Disclaimer
For demonstration, Excel® was used to generate the data for the
analysis. However, the SATS-36 questionnaire genuinely assesses
statistics anxiety.7

Research Question
Is statistics anxiety similar among R staff and students?

Null Hypothesis (H0)
Statistics anxiety is not significantly different between R staff and
students.

Alternative Hypothesis (H1)
Statistics anxiety differs significantly between R staff and students.

t -test—A Brief Overview
WS Gosset proposed the test in 1908 under the pseudonym
“student;” it is also known as the Student’s t-test or t-test for
independent groups or unpaired t-test.8 A t-test computes the
t-statistics for the sample and compares it with the standard t-value
distribution to report whether the sample value is due to chance or
not. The statistical decisions to infer significant differences are not
based on absolute standards; the interpretation of the evidence
is made using the probability of an event. The Student’s t-test is
applicable for a small sample size. There is, however, considerable
debate in the literature to quantify—what is small? A sample size
of 60 is recommended—30 is a must for applying the t-test.9 The
smaller sample size compromises the validity of the test results.
Therefore, it is better to know when to and when not to use the
t-test.

Assumptions
The parametric tests are more powerful than nonparametric
tests—but not in all situations. Researchers, therefore, must
know the outline of data—assumptions play a vital role.
Many researchers do not assess and incorporate the results of
assumption validation into the final manuscript. Before discussing
146

assumptions, the first question is: do they need to be tested? The
answer is yes—assumptions are like gatekeepers; they set the
boundary and act as guiding principles for selecting the correct
test. Let us understand the importance of assumption validation
in the health care language. In a health care setting, a patient
comes to a doctor and tells symptoms of the disease: the treating
consultant asks various questions to understand the nature and
severity of the disease to decide the best possible treatment. The
consultant listens intently but does not accept everything at face
value—what the patient tells him. Doctors make several notes—
prescribe diagnostic tests to confirm the patient’s condition;
diagnostic tests aid the doctor in making an informed decision
regarding a specific ailment and prescribe the best possible
treatment from competing treatments. Assumptions are akin to
diagnostic tests; these guide the researcher in selecting the best
possible treatment—in our case, it is choosing a correct statistical
test from many inferential tests. Primarily, the unpaired t-test
makes four assumptions. Table 1 lists these assumptions.
It is crucial to understand assumptions in the context of
healthcare settings. The assumption of randomness does not
mean that doctors randomly select a patient for treatment—like
a lottery ticket. On the contrary, the assumption is that patients
reporting (sample) to healthcare settings is a random subset of
patients with similar conditions (universe). The first assumption a
researcher makes is the representativeness (validity) of the sample.
Subsequently, patients are randomly allocated to treatment groups
based on random numbers. The patients are randomly assigned;
they are not randomly selected.
The independence assumption indicates that the selection
of one participant does not influence the selection of others—
researchers do not select participants from the same group,
family, or siblings. The participant selection is independent
in both between and within the groups. The violation of the
independence assumption compromises the validity of the study.
The correlated data collection and analysis require different
study designs and statistical analysis—it is beyond the scope
of the current article. Typically, randomness and independence
are not tested—the researcher addresses these in the design
phase of the study.
The normality is a crucial assumption—it implies that the
outcome distribution is bell-shaped. And there are various tests
such as Kolmogorov–Smirnov, Shapiro–Wilk, and Anderson–
Darling to test the assumption of normality. Besides statistical
tests, it is always better to gauge Q-Q plots and histograms to
assess the data distribution. The size of the histogram, known
as the “bin size,” however, plays a significant role in visualizing
normality from a histogram—the smaller bin size can inflate
skewness, and a larger one can deflate a small sample. Many
studies claim that the t-test is robust to violation of mild to
moderate normality assumption. The challenge for many
researchers, however, is: what are the limits of—slight to
moderate—and how does it change with sample size?
Homogeneity of variance is the most crucial assumption
of parametric tests. Levene’s and Bartlett’s test compares the
variation between two groups and supplements the variance
testing with box or violin plots. Another quick method is to
compare the standard deviation (SD) from the groups—look for
an SD ratio between the two groups; ideally, it should be 1—up
to 1.5, ok—more than 2, a serious issue. The complication arises
with either a small or unequal sample size or a combination
of both.
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Figs 1A to C: Snippet of recoding and reordering of factor variables

Figs 2A to C: Graphical assumption validation summary by groups

Besides the assumptions mentioned above, there are other
minor issues that researchers need to be aware of and address. The
test performs best when sample sizes are equal in both groups—
deviation from equality makes the test sensitive to violation of
assumptions. Many researchers prefer to report p-values without
bothering about sample size skewness. It is not ideal for informing
the p-value in every situation—maintain a maximum 1:4 ratio of
sample sizes between the groups. Assuming 100 participants, do
not report a p-value for the comparison beyond 20 in one and 80 in
the second group. A general heuristic is to have mean/SD >2—
more is better. Pay close attention to the outlier—first, cross-check
the value: if found correct—check whether it alters the relationship
(statistically significant to statistically nonsignificant or vice versa)
or not. Do not discard outlier values—compare, and report analysis
with and without the outliers.

Robustness
The robustness of statistical tests means that results obtained
with the methods are resilient to variation in the desired statistical
properties from data. A robust test can give valid results even
when data are either non-normal, heterogeneous, contains
outliers, a small sample size, or maybe some combination of these

factors. The t-test is also robust; there are, however, limitations
where the t-test breaks—the application of the test can lead to
a false conclusion. The t-test is robust to violation of normality
and homogeneity for equal sample size—it performs poorly for
unequal sample size. 3,10 Literature suggests applying Welch’s
t-test for unequal sample sizes and homogeneity of variance
assumption violation.

t -test in Rcmdr
Data can be entered directly in Rcmdr; our experience, however,
tells us that majority prefer to enter data in Excel®. We, therefore,
begin by importing data. Readers interested in importing data
can read the previous article in the series.11 An essential difference
between R and other software is that the former does not require
categorical data—also known as a factor to be entered as a
numerical variable (such as male→1 and female→2). This property
eliminates the need to prepare “metadata” and reduces the effort
and time of the user. Figure 1A displays the various options for
handling variables and factors in Rcmdr. Readers can access the
option using the menu “Active data set < Variables.” Researchers
frequently recode variables and reorder factors during analysis;
Figure 1B displays the recoding of variables, and Figure 1C shows
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the ordering of the factors. The quantile plot is selected to assess
normality; the box plot for homogeneity from the “Graphs and
tables” menu. Figure 2A displays the steps to obtain numerical
and graphical measures for testing assumptions. Figure 2B depicts
quantile plots and 95% confidence intervals (CIs) for normally
distributed data; Figure 2C presents a box plot for gauging
the variability between the two groups. Numerically, assess
normality by selecting “Statistical analysis < Wilcoxon- Shapiro
test and homoscedasticity by Bartlett’s test.” Go to “Original
menu < statistics < means < independent samples t-test” and
choose from equality or inequality of variance to get the results.
Table 2 summarizes the results from the t-test and Welch’s t-test.

Reporting and Interpretation
Typically, the majority of analysis results are reported in tables.
Do not replicate the table values in the text, especially statistically
nonsignificant—unless and until—it is for the primary research
question. The researchers, however, get statistically nonsignificant
results—report and interpret (for primary objective). The mean 58.2 (SD
= 24.9) SATS score of students is nonsignificantly (p = 0.59; CI: −12.2–6.9)
different from average 60.7 (SD = 14.2) score for R staff. For statistically
nonsignificant results, never report null hypothesis accepted—report
null hypothesis not rejected. Always remember Altman and Bland’s
advice: “evidence of absence is not the absence of evidence.”12 Do
not slice and dice the data to obtain statistically significant results.
The American Statistical Association and other statistical reporting
guidelines advise including CI—a valuable indicator of uncertainty,
with p-values in the table. Table 2 presents the results of the
outcome (SATS-36) variable with unpaired and Welch’s t-test for
readers’ perusal.

C o n c lu s i o n
Researchers cite the robustness of unpaired t-test and typically
report p-value without validating the assumptions. It is unfortunate
to think that assumptions are unimportant and unwanted—it
protects researchers from reporting wrong results. Assumptions,
for better or worse, are the gatekeepers—test the contours of
your data and be informed; ignorance is not bliss in the journey of
science. Caring and curing humans is a noble profession—let us
not clutter the evidence with incorrect statistical methods, p-value,
and half-baked data.
When tools and technology are available to address data
concerns, be brave: medical science is not for the faint-hearted.
Editors and reviewers of good journals will appreciate your efforts;
not-so-good journals will marvel at your knowledge of statistics
that may perhaps—expedite publication or acceptance or both;
in any case, you are increasing the probability with small efforts.
Standard statistical reporting is still a rare commodity in medical
journals—one or two extra steps will go a long way in establishing
credibility and expertise in the field.

148

Table 2: Reporting the result of the PGIMER SATS study conducted
among students and R staff in 2022
Students
(n = 38)

R staff
(n = 30)

p-value (95% CI)

Mean (SD)

Mean (SD)

Unpaired t-test

Welch’s t-test

58.2 (24.9)

60.8 (14.2)

0.59 (–12.2 to 6.9)

0.61 (−12.9 to 7.7)

SD, standard deviation; CI, confidence interval; R staff, research staff; PGIMER, Postgraduate Institute of Medical Education and Research; SATS, Survey
of Attitudes Toward Statistics
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