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Abstract
The one-sample t test compares a sample to a known average. The standard deviation (SD) is known for
the sample but not for the known average. This study compares p-values from one-sample versus twosample t testing where SD is also known with the known average to see if the lack of information on SD
makes a difference in p-values calculated with versus without the SD. Having confidence in a t test p-value
is to have confidence in whether the difference in means happened by chance or not.
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Background

The one-sample t test is used to compare a sample mean to
a known, usually published mean. The comparison does not
include additional information for the known published mean
like its sample size or standard deviation(SD) as the two-sample
t test includes. This study sought to answer the author’s question
of whether it matters that SD is omitted in the one-sample t test.
The author did not find any previous research in the literature
on this question. The question was addressed by comparing
p-value results where the SD was versus was not included.
Heart rate variability (HRV) is an evidence-based method of
assessing the health and adaptability of a person’s autonomic
nervous system [1]. This is important because autonomic function plays a key role in promoting a long and healthy life [1].
HRV typically declines with age [2; Figure 1].
The author uses HRV to assess autonomic health in his chiropractic patients and in himself. He recently turned age 64 and
was curious as to how a sample of his own HRV measurements
compared to normative published data for his age group and
younger age groups. The author was also curious as to whether
the comparisons would be the same in one versus two-sample
t testing when sample size and SD were available with the
published norms. Since the one-sample t test requires only one
parameter, the mean, comparison of one versus two-sample t
tests can be made when the additional information is provided.

tistics of sample size, mean, and SD [2]. The study was declared
Exempt by the Institutional Review Board at Purdue University
Global. HRV was measured and recorded with the App, Heart
Rate Variability Logger [3]. The App uses an earlobe sensor,
the Kyoto ear clip which uses photoplethysmography (PPG)
technology – lights that sense different tints of red with each
heartbeat. The sensor then sends a Bluetooth signal to the
App on a smartphone. The set-up has good agreement with
standard ECG technology [4-5].
The HRV metric used was the standard root mean square of
successive differences of time between heartbeats (rMSSD).
The terms HRV and rMSSD are used interchangeably in this
paper. For rMSSD a larger number is considered neurologically
healthier than a smaller number.
The author’s self-measurements were obtained every day
except for three days from the day of his 64th birthday in
November to the point at which analysis was completed (on
12-26-20) for a total of 47 measurements. The 1-minute recordings were obtained early in the morning in the supine position
before getting out of bed. The author’s data is referred to as
sample data. Protocol for the normative published (comparative) data was similar: 5-10 minutes of pre-test rest, measured
in the supine position, and ECG used for a 5-minute recording
[2]. One-minute recordings for rMSSD show good agreement
with 5-minute recordings [6].

Methods

Analysis

The normative data used in this study included summary sta-

Data were analyzed in Stata 12.1 (StataCorp, College Station,
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Table 1. Summary statistics by age category.
Statistic
n
mean
SD

Descriptive Statistics by Age Group
64 (author) 25-34 35-44 45-54 55-64
47
330
292
235
183
35.7
39.7
32.0
23.0
19.9
7.9
19.9
36.5
10.9
11.1

65-74
84
19.1
10.7

n for author (age 64 column) is number of measurements (47
measurements over a 47 day period). n for the other age groups
is number of persons in the published normative study. Mean is
average HRV (rMSSD in milliseconds). SD is standard deviation. n
and SD for normative data omitted for one-sample t test
(in Table 2).
Figure 1. Normative averages by age for HRV.
Chart constructed by author based on published data [2].

TX) using one and two-sample t testing. The one-sample t
test was performed comparing the sample data (author’s)
with the published mean only (excluding the n and SD that
were also available but saved for the two-sample t test). Also
in the analysis:
•
•

•

A two tailed p-value < the conventional alpha level of
0.05 was considered statistically significant.
The unequal variances option for two-sample t testing was
considered appropriate since the p-value for the variance
ratio test (also performed in Stata) for each comparison
(between the author’s HRV and published age group
norms) was <0.05, indicating unequal variances.
The t test assumes data exhibits a normal or near-normal
distribution; or has a sample size of at least 30 [7]. All variables in the study had at least 30 observations.

Results

Descriptive statistics are provided in Table 1 and inferential
statistics are in Table 2.
There were five age groups where p-values from the normative published HRV data were compared to the author’s
HRV sample data using one and two-sample t testing (Tables
1-2). Four of these five (80%) comparisons showed p-value
agreement between one and two-sample t testing (Table 2).
The disagreement was observed for age group 35-44. This
group had a relatively high SD (Table 1) and was calculated as
an outlier and was the only outlier among the five SDs (from
the five age groups) using the inter-quartile method of outlier
detection. The upper fence in this analysis=33.4 while the SD
for that age group=36.5 (a high outlier).
Out of curiosity, in a secondary analysis, a lower SD was
used for the 35-44 age group based on the mean of the other
four SDs. This mean SD was 13.2 which produced a statistically
nonsignificant p-value in the two-sample t test (p=0.063) which
then agreed with the two-sample t test for this age group.

Table 2. Inferential statistics (t test p-values) by age categories
compared to the author’s sample.
Test type
25-34 35-44 45-54
55-64
65-74
Two-sample,
0.0129 0.1284 <0.0001 <0.0001 <0.0001
unequal variance
One-sample
0.0011 0.0021 <0.0001 <0.0001 <0.0001
The t test p-values reflect the difference in means between the
author’s HRV (age 64 column) and the published normative data
age groups. The bold highlighted p-value (in the age category of
35-44) is the one p-value in the study that showed disagreement
between one and two-sample t testing.

Discussion

There was good agreement, but not 100%, of p-values between one and two-sample t testing in this case study when
comparing the author’s heart rate variability to published
normative data.
The one comparative age group that showed the disagreement of p-values between the one and two-sample t tests (ages
35-44) also showed the largest standard deviation (and was
an outlier) among SDs for the five comparative age groups.
This could be the reason for the p-value disagreement in this
age group. The other age groups had SDs that were closer
to the SD in the author’s HRV data, 7.9 (as noted in Table 1).
There may be a validity question about comparing an individual’s sample (the author’s) to a group statistic (the means
by age group in the published normative data). It should be
noted though, that this was the author’s research question – as
to how his HRV compared to others’ HRV at the group level.
The accuracy of the one-sample t test may be considered
satisfactory. However, the resulting p-value should be viewed
with some caution due to omission of sample size and standard
deviation in the calculation. When these are provided,they
should be included in the calculation, thereby changing the
analysis into a two-sample test. A more reliable p-value allows for a more accurate and more confident estimation of
whether the difference in means happened by chance alone.
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