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Objective: This research aimed to assess agreement between t-test and Bayesian estimation using the results 
from Mahidol Dental Journal. In general, to reveal the difference of means between two sample groups, Inferential 
statistics using Null Hypothesis Significant Testing (NHST), particularly t-test, has long been accepted. However, 
statistical analysis revolutionized by the Journal of the Basic and Applied Social Psychology (BASP), almost 
dismissed papers with NHST. Later, American and Thai Statistical Association also published articles that 
explained limitation of P-value. Alternatively, Bayesian estimation which has been developed for more than  
200 years, has been recommended as a substitution for t-test. 
Materials and methods: Upon completion of ethical approval, data were pooled from the articles using t-test in 
Mahidol Dental Journal from 2007-2017. Then the mean, standard deviation and sample size published in these 
articles were used to calculate the t-value. Online Bayesian estimation program (http://pcl.missouri.edu/
bayesfactor) was applied utilizing the aforementioned calculated t-values. Agreement percentage and Cohen 
Kappa Coefficient were also computed.
Results: From the overall 274 articles, 21 articles adopted independent sample t-test and 2 articles adopted one 
sample t-test statistical analyses. Eighty-seven percent of the articles published in Mahidol Dental Journal showed 
agreement of research results between t-test and Bayesian estimation. The Cohen Kappa Coefficient was 0.73 
indicating substantial agreement between these two tests. Further, the tendency of disagreements occurred with 
P-values starting from 0.05 to 0.085.
Conclusion: Mahidol Dental Journal showed substantial agreement for both statistical analyses. Future study will 
suggest the detail investigation on how Bayes theorem clarifies the disagreement between these two statistical 
test results and the situation when Bayes may perform better. 
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Introduction 

	 Frequentist or inferential statistics using  
Null Hypothesis Significant Testing (NHST)  
have long been accepted as well as regularly 
used to observe the difference between two 
means, especially the t-test signifying P-value 

The P-value is the probability of obtaining test 
results at least as extreme as the results actually 
observed during the test, assuming that the Null 
hypothesis is correct. Its interpretation depends 
on the value set, sample size and the explanation 
of its definition set by Fisher [1]. Dichotomous decision 
based on just P-value with vague understanding 
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can easily lead to the misinterpretation of the  
result [2, 3]. This P-value misinterpretation among 
dentists was also evidently documented [4]. 
Further, misconception and misperception of 
P-value were not uncommon even for statisticians 
[5]. While Goodman detailed twelve common 
misconceptions of P-value, the author specified 
and forewarned the non “evidence-based” statistical 
inference and a widespread misperception in 
drawing conclusion [6]. Moreover, this P-value 
interpretation dictates whether treatment, operation, 
or medication will be prescribed or not. In 2014,  
a statistical evolution was prompted by the Journal 
of the Basic and Applied Social Psychology (BASP) 
[7, 8]. In order to be responsible to the readers of 
all published articles, BASP journal launched  
a stringent rule regarding the acceptance of 
papers that used NHST. Later, Thai and American 
Statistical Associations also published articles 
explaining the limitations of P-value [2,9]. 
	 Besides inferential statistics, Bayesian 
estimation was first developed by Thomas Bayes 
and popularized for more than 200 years [10]. 
Bayes’ theorem is defined mathematically as the 
following equation:
	 P(A  B) = P(B  A)⋅P(A) ​/P(B)
	 where:	 P(A) = The probability of  A occurring
			   P(B) = The probability of B occurring

			   P(A  B) = The probability of  A given B
			   P(B  A) = probability of B given A
	 In short, Bayes' theorem gives the probability 
of an event based on new information that is, or 
may be related, to that event. Schoot and colleagues 
also clearly described and summarized the 
advantage of Bayes over P-value in the table 1 [11]. 
Briefly, they synopsized four main reasons 
supporting Bayesian statistics. First, conventional 
methods may lack the potential to estimate some 
complex models. Second, the definition of Bayes’ 
probability is more preferable than one number 
(P-value). Third, Bayes not only conducts statistical 
analysis, but also takes background knowledge  
(a priori) into account. Last, large sample size  
is not necessarily required [12]. Bayes theorem 
was then ultimately recommended as an Alternative  
for t-test [13]. 
	 Instead of P-value, Bayesian estimation 
applies conditioning probability to explain  
a chance that Null hypothesis might occur. To 
ease the understanding of Bayes theorem, Bayes 
factor (K), the most fundamental calculation was 
proposed to be very similar to NHST and P-value 
[14]. Kass and Raftery further documented and 
advocated Bayes factor in 1995 [15]. Bayes factor 
is defined as the likelihood ratio comparing two 
competing hypotheses. In this t-test context, they 

Table 1	 Overview of the similarities and differences between frequentist and Bayesian statistics [11]

Frequentist statistics Bayesian statistics

Definition of the P- value The probability of observing the same 
or more extreme data assuming that the 
Null hypothesis is true in the population 

The probability of the (Null) hypothesis

Large samples needed? Usually, when normal theory-based 
methods are used

Not necessarily

Inclusion of prior knowledge possible? No Yes

Nature of the parameters in the model Unknown but fixed Unknown and therefore random

Population parameter One true value A distribution of values reflecting 
uncertainty

Uncertainty is defined by The sampling distribution based on the 
idea of infinite repeated sampling

Probability distribution for the 
population parameter

Estimated intervals Confidence interval: Over an infinity of 
samples taken from the population, 95% 
of these contain the true population value

Credibility interval: A 95% probability 
that the population value is within 
the limits of the interval
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are Null and Alternative hypotheses and Bayes 
factor supports one hypothesis or another. When 
P-value and its Bayesian counterpart (Bayes’ factor) 
were compared, Bayes’ explanation of its result was 
also preferred by Goodman for more straightforward 
interpretability [6]. Bayes Factor cut-offs were also 
proposed by Jeffreys to ease the interpretation 
(table 2) [14].
	 Since calculation of Bayes’ factor is very 
simple. There is no need of any special computerized 
algorithm. Moreover, with modern computer technology, 
commercial software, and even freeware statistical 
analysis program, it has become more accessible 
and user friendly [16,17]. Although Bayesian 
estimation was introduced to Thai dental research 
by several pioneering groups [18,19], there are 
only a few Thai dental researches using Bayesian 
estimation. Therefore, it may be important to direct 
the Thai researchers towards this Bayesian 
estimation. Moreover, a comparison of the results of 
Thai dental researches using t-test and Bayesian 
estimation has not been made so far and would 
serve to further validate its efficacy. Further, to our 
knowledge, no journal to date pioneers to verify 
their published data. Mahidol Dental Journal 
would serve as the first to validate and declare 
itself. Therefore, this research aimed to compare 
the research results from Mahidol Dental Journal 
using t-test versus Bayesian estimation. 

Material and methods

	 At the outset, ethical approval was obtained 
from Institutional Review Board of the Faculty of 
Dentistry / Faculty of Pharmacy, Mahidol University 
(MU-DT/PY-IRB-2017/DT122). Studies published 
from 2007 to 2017 in Mahidol Dental Journal were 
manually searched separately by two calibrated 
reviewers (NS and SM). This search included articles 
with independent or one sample t-test statistical 
analyses. Exclusion criteria were articles with 
dependent sample t-test. This is due to the fact that 
if only published data are used, dependent sample 
t-test lacks raw data to calculate the t-value.
	 All studies that met the inclusion criteria were 
collected. While the first author (AC) and corresponding 
author (SM) collected related information from the 
included articles, the second author (NS), a statistician, 
reviewed all the collected information. These variables 
contained mean and standard deviation (SD) that 
were mentioned in the articles. In addition, sample size 
and type of t-test were also identified. These data were 
inserted to the data pooling table. It should be noted 
here that in this preliminary study, only relevant 
published information of the most distinctive one 
sample or independent sample t-test mentioned in 
the abstract from each study was included and 
there was no attempt to contact the corresponding 
authors. Further, to resolve any argument related 

Table 2	 Jeffrey’s Bayes Factor cut-offs demonstrating its interpretation related to Alternative hypothesis or  
Null hypothesis [14].

Alternative

Bayes factor10 Description

≤1/100 Extreme evidence for the Alternative hypothesis

1/30 – 1/100 Very strong evidence for the Alternative hypothesis

1/10 – 1/30 Strong evidence for the Alternative hypothesis

1 – 1/3 Moderate evidence for the Alternative hypothesis

1 No evidence

1- 3 Anecdotal evidence for the Null hypothesis

3 – 10 Moderate evidence for the Null hypothesis

10 – 30 Strong evidence for the Null hypothesis

30 – 100 Very strong evidence for the Null hypothesis

≥100 Extreme evidence for the Null hypothesis
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to the articles searching and analysis, these arguments 
were re-analyzed and resolved by the statistician 
(NS). Mean, SD and sample size of each group from 
the data pooling table were then used to calculate 
the t-value using the following methodology:
	 For 1-sample t-test, statistic was calculated using 
the reported mean and SD. Similarly, for 2-sample 
t-test, statistic was obtained using a formula for 
unequal variance, the reported means and SDs. 
These t statistics and sample size were then inputted  
to the online Bayesian estimation program. The 
Bayes factor was computed with version 0.9.8 
of the BayesFactor package [R version 3.3.2 
(2016-10-31)]. The website (http://pcl.missouri.
edu/bayesfactor) per se describes in detail about 
this Bayesian factor calculation. These calculations 
were performed separately between independent 
sample and one sample t-test. The results 
designated the conditioning probability whether it 
favored Alternative or Null hypothesis. Accordingly, 
the agreement percentage and Cohen Kappa 
coefficient between research results of t-test and 
Bayesian estimation program were reported.
	 Bayes estimation explains the probability of 
an event, based on prior knowledge of conditions 
that may be associated with its occurrence. Bayes 
estimation mimicking t-test also offers more 
comprehensive calculation including the effect 
size of this prior. To define this effect size, the 
aforementioned online program uses the default 
setting of the scale at 0.707 . Rationally, this 
scale should be defined by the researcher to suit the 
logic of their samples. However, this study simply provided 
the Bayes estimation only at this default setting [20]. 

Results 

	 From the overall 274 articles, 21 articles 
adopted independent sample t-test and 2 articles 
adopted one sample t-test statistical analyses. 
Eighty-seven percent of articles that were published 
in Mahidol Dental Journal showed the result 
agreement for both t-test and online Bayesian 

estimation. The Cohen Kappa Coefficient was 0.73 
denoting substantial agreement between these 
two tests. The detailed information of all articles 
evaluated was presented in Table 3 and 4.

Discussion

	 From the statistical analysis using both classical 
Inferential statistical analysis and Bayesian estimation 
recommended by modern statisticians, the Cohen 
Kappa Coefficient designated substantial agreement 
between these two tests when evaluating articles 
from Mahidol Dental Journal. Further, the disagreement 
showed the tendency to occur starting from P-values  
of 0.05 to 0.085. This was supported by Berger and 
Mortera who advocated the weakness of P-value of 
0.05 of not being able to represent much evidence 
against the Null [21]. Therefore, there might be  
a tendency that Bayes estimation may perform 
better at this P-value of 0.05.
	 As only published P-value and the most 
distinct t-test of each study were compared and 
only the decision indicated from the online program 
to accept or reject Null hypothesis was showed, 
Bayes estimations in this study were only in a very 
early stage of approximation. Although the online 
program gives the Bayes factor as number which 
indicates level to support Null or not, most calculations 
are in default setting. Bayes’ theorem also involves 
a priori. This a priori involvement drives researchers 
of each discipline to understand more on their 
research methodology to righteously design the 
research methodology. For example, Bayes factor 
may requires specific cutoff point for different 
research depending on the strength of association 
of a prior and posterior. Opposed to Jeffreys, in 
Forensic science, specifically in a criminal trial, it 
requires posterior odds for H1 (guilt) against H0 
(innocence) of at least 1,000 rather than 100 to be 
considered as extreme evidence [22] (table 3). 
Further, As Dienes advocated, researchers who 
know what the theory predicts, know how much 
evidence supports a theory [23]. As such, only 
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Table 3	 Data pooling table showing articles with one sample t-test

Article number Sample size Mean and SD µ under H0 t-value P-value H0 Bayes Agreement of results

1 67 8.70±0.51 8.65 0.802 0.05 accepted accepted Yes

2 56 9.47±1.41 19.20 51.640 0.01 accepted accepted Yes

Table 4	 Data pooling table depicting articles with independent samples t-test. Grey box depicted the articles  
with disagreement between t-test and Bayesian estimation.

Article 
number

Group 1 Group 2 t-test Bayes Agreement 
of resultsSample size Mean and SD Sample size Mean and SD t-value P Ho

1 40 41.39±2.17 40 38.62±2.34 5.479 <0.001 rejected rejected Yes
2 57 45.22±2.46 66 43.39±2.25 4.280 <0.001 rejected rejected Yes
3 16 320.77±50.75 16 291.05±45.81 3.622 0.001 rejected rejected Yes
4 200 8.07±0.51 200 7.63±0.62 5.481 <0.01 rejected rejected Yes
5 51 57.62±4.65 12 50.82±5.56 3.926 0.01 rejected rejected Yes
6 10 0.75±0.06 10 0.69±0.07 2.058 0.03 rejected rejected Yes
7 8 43.39±2.94 14 40.77±2.45 2.133 0.04 rejected rejected Yes
8 147 157.3±6.2 232 155.9±5.8 2.229 0.05 rejected rejected Yes
9 15 2.67±0.62 15 2.67±0.49 0  0.05 accepted accepted Yes

10 20 25.64±2.03 20 24.99±2.43 0.918 0.05 accepted accepted Yes
11 6 37.43±1.14 6 36.19±2.02 1.310 0.05 accepted accepted Yes
12 30 34.31±1.99 30 30.68±1.77 7.465 0.05 rejected rejected Yes
13 16 8.85±0.48 51 8.66±0.52 2.652 0.05 accepted accepted Yes
14 20 17.23±6.03 20 15.8±4.46 0.853 0.05 accepted accepted Yes
15 10 0.6±0.43 10 0.3±0.29 1.829 0.05 rejected rejected Yes
16 15 63.8±43.9 15 13.7±5.3 4.388 0.05 rejected rejected Yes
17 30 16.48±3.52 34 14.48±2.72 2.519 0.05 rejected rejected Yes
18 163 7.99±0.52 154 7.57±0.58 6.775 0.05 rejected rejected Yes
19 23 17.59±0.95 21 17.00±0.94 2.069 0.05 accepted rejected No
20 138 1.74±0.30 90 0.81±0.40 18.866 0.07 accepted rejected No
21 147 28.05±2.83 2 23.00±4.10 1.736 0.085 accepted rejected No

dentist scrupulously understand dental researches 
and dental researchers who understand what 
evidence from their research support their 
hypothesis testing and their own proposed idea 
may understand and benefit a lot more from Bayes 
theorem. Because all parameters should be 
completely collected and defined by the researcher 
to suit the logic of the samples, it is mandatory to 
collect more detail raw data, avoid the default 
setting, construct the Bayes factor specialized 
calculation formula and investigate further the 
relationship of P-value and Bayes factor in the next 
study. This further investigation may shed more 
light to how Bayes will methodically offer advantage 

over P-value in dental research. Moreover, with 
this solid fundament in mind, this online Bayesian 
estimation program may serve as an initial quick 
optional tool to validate the publicized t-test result.
	 In addition, statisticians are also keen to provide 
more of the Bayesian estimation for all inferential 
statistics including analysis of variances (ANOVA), 
analysis of co-variances (ANCOVA), correlation, and 
regression [24, 25]. Without hesitation, accustomed 
inferential statistics based on NHST are still 
contentedly utilized by most dental journals. Therefore, 
it may also be absorbing to conduct more thorough 
researches comparing all types of statistical 
analyses from many more journal publications. 
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Conclusion

	 In this preliminary study, two statistical 
analysis methods act as the ruler judging the 
difference of the arithmetic means between two 
groups. The outcomes were that articles from 
Mahidol Dental Journal showed substantial 
agreement of both statistical analysis methods. 
These disagreements showed the tendency to 
occur when P-values were from 0.05 to 0.085. 
Further study aimed to collect in-depth raw data, 
formulate specific calculation formula and evaluate 
the advantage of Bayes factor over P-value. To 
summarize, this study shows the alternative methods 
comparing the means of two groups. It also 
promotes logical thinking of statistical analysis.
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