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ABSTRACT: Because they offer strong techniques for evaluating data and coming to trustworthy findings, statistical
tests are essential to dentistry research. Parametric tests like ANOVA and t-tests are commonly used in dentistry
research to examine continuous data that satisfy the homogeneity of variance and normality criteria. When comparing
mean differences between two or more groups, such as when evaluating the efficacy of various treatments, dental
materials, or preventive measures, these tests are especially helpful. Non-parametric tests, however, are more suitable
when the normalcy assumptions are broken. Non-parametric tests are frequently used when the data does not follow a
normal distribution or in dentistry studies that use ordinal variables (such as patient satisfaction or disease severity).
Dental researchers can thoroughly evaluate treatment effects, examine patient data, and create evidence-based
procedures by using these statistical tests. This review article emphasizes the importance of various statical tests used in
dental research and their significance.

L. INTRODUCTION

In statistics, a statistical hypothesis test is a technique for drawing conclusions or judgments about a population from
sample data. It entails developing two opposing hypotheses and utilizing data to ascertain which is evidence-based.

Key Components: [1]
1. Null Hypothesis (HOH OHO): This is the default assumption or statement to be tested. It typically represents no
effect, no difference, or the status quo. For example:
a. HOH_OHO: "The mean of the population is equal to a specific value."
b. HOH_OHO: "There is no relationship between two variables."
2. Alternative Hypothesis (H1H_1H1 or HaH_aHa): This represents the statement we aim to support. It is the
complement of the null hypothesis, indicating an effect, difference, or relationship. For example:
a. HIH_1H1: "The mean of the population is not equal to a specific value."
b. HIH_1HI: "There is a relationship between two variables."
3. Test Statistic: A value calculated from the sample data that is used to decide whether to reject HOH OHO.
Examples include the zzz-statistic, ttt-statistic, or chi-square statistic.
4. Significance Level (o\alphaa): A threshold probability for determining whether the test result is statistically
significant. Common choices are a=0.05\alpha = 0.050=0.05 or 0=0.01\alpha = 0.010=0.01.
5. P-value: The probability of obtaining test results at least as extreme as the observed results, assuming HOH _OHO is
true.
a. If p<ap \leq \alphap=<a, reject HOH_OHO.
b. If p>ap > \alphap>a, fail to reject HOH_OHO.
Decision: Based on the p-value and the significance level, we either reject HOH_OHO or fail to reject HOH_OHO.

I. CLASSIFICATION OF STATISTICAL TESTS

Broadly the statistical tests are categorized in to 1.Parametric tests and 2. Non-parametric tests.

1.Parametric tests, and their significance in dental research

The parametric tests make the assumption that the underlying data has a particular distribution, most typically the
normal distribution. To make inferences, these tests use metrics like mean and standard deviation. Because of their
resilience and capacity to identify variations or connections when presumptions are met, they are frequently employed
in dentistry research.
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Key Assumptions of Parametric Tests [2-5]

1. Normality: Data should be approximately normally distributed.

2. Homogeneity of Variance: Variance within groups should be similar (tested with Levene’s Test or Bartlett’s
Test).

3. Independence: Observations are independent of each other.

4. Scale of Measurement: Data should be interval or ratio scale (continuous).

Common Parametric Tests

1. T-Tests
e  Purpose: Compare means between two groups.
e Types:

o  One-sample t-test

o Independent samples t-test

o Paired samples t-test
Example in Dental Research:

o Evaluating the difference in salivary pH before and after using a new mouthwash.
Significance:

o Easy to apply and suitable for small sample sizes when assumptions are met.

2. ANOVA (Analysis of Variance)
e  Purpose: Compare means of three or more groups.
e Types:
o One-way ANOVA
o Two-way ANOVA
o Repeated measures ANOVA
Example:
o Comparing the wear resistance of three different restorative materials.
Significance:
o Useful for multifactorial studies and evaluating interaction effects.

3. Pearson’s Correlation
e Purpose: Measure the linear relationship between two continuous variables.
e Example:
o Assessing the correlation between enamel hardness and fluoride concentration.
e Significance:
o Helps establish relationships between clinical parameters.

4. Regression Analysis
e Purpose: Predict a dependent variable based on one or more independent variables.
e Types:

o Linear regression

o Multiple regression
Example:

o Predicting caries risk based on dietary habits and oral hygiene practices.
Significance:

o Provides insights into the impact of multiple factors on clinical outcomes.

5. Chi-Square Test for Large Samples
e Purpose: Analyze the relationship between categorical variables (when assumptions of the chi-square test are
met).
Example:
o Comparing success rates of different orthodontic appliances.
Significance:
o Robust for large sample sizes with normality approximations.
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Indications of Parametric Tests in Dental Research
1. Comparing Group Means:
Assessing treatment efficacy, e.g., comparing plaque scores across treatment groups.
Analyzing Relationships:
Correlating clinical measurements, e.g., periodontal pocket depth vs. gingival index.
Predicting Outcomes:
Predicting success rates of dental implants based on bone density.
Evaluating Material Properties:
Comparing tensile strength, wear resistance, or aesthetic characteristics of restorative materials.
Longitudinal Studies:
Monitoring changes in patient outcomes over time, e.g., pre- and post-treatment measurements.

O Lo A0 WO MO

Significance of Parametric Tests in Dental Research

1. Precision and Power:

o Parametric tests are more powerful than non-parametric alternatives, making them ideal for detecting subtle
differences or relationships.

2. Comprehensive Analysis:

o They allow for detailed exploration of factors influencing clinical outcomes, interactions, and predictions.

3. Applicability:

o Dental research often involves quantitative, continuous data (e.g., enamel hardness, salivary flow rates), meeting
parametric assumptions.

4. Examples in Evidence-Based Dentistry:

o Studies comparing the effectiveness of interventions such as fluoride treatments, sealants, or orthodontic
appliances.

Limitations

1. Assumption Dependence:

o Violations of assumptions (e.g., non-normality, unequal variances) can lead to inaccurate results.

2. Outlier Sensitivity:

o Extreme values can distort parametric test results.

3. Not Suitable for Ordinal or Categorical Data:

o Parametric tests require interval or ratio data; non-parametric tests are better for other data types.

Common Software for Parametric Tests

1. SPSS: User-friendly for t-tests, ANOVA, and regression analyses.

2. R: Versatile for advanced parametric modeling.

3. GraphPad Prism: Ideal for biomedical research, offering visual outputs.

4. Stata: Suitable for complex parametric analyses with large datasets.

2.Non-parametric tests, and significance in dental research

Statistical tests that do not presume normality or that the data must follow a certain distribution are known as non-
parametric tests. When the data does not fit the assumptions needed for parametric testing, like equal variances or a
normal distribution, these tests are very helpful. When the sample size is small or the data is ranked or ordinal, non-
parametric tests are frequently employed.

When to Use Non-Parametric Tests [6]

Non-parametric tests are typically used when:

1. The data are ordinal or nominal, i.e., categories or ranks (e.g., patient satisfaction scores or dental severity levels).
2. The data fail to meet normality assumptions.

3. The data contain outliers or are skewed, where parametric tests might not be reliable.

4. Small sample sizes that do not allow for the assumption of a normal distribution.

Types of Non-Parametric Tests

1. Mann-Whitney U Test (Wilcoxon Rank-Sum Test) [7]

o Purpose: Compares the differences between two independent groups when the data are ordinal or continuous but
not normally distributed.
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o Indication in Dental Research:
o Comparing the effectiveness of two different dental treatments or materials where data are not normally
distributed.
=  Example: Comparing the patient satisfaction ratings of two types of dental implants.
o Formula: This test ranks all data points from both groups together and then compares the sum of ranks
between the two groups.
o Significance: Used when you cannot assume normality, and you have ordinal data or small sample sizes.

N

. Wilcoxon Signed-Rank Test [8]

o Purpose: Compares two related samples or matched pairs to determine if their population mean ranks differ.
o Indication in Dental Research:
o Comparing pre-treatment and post-treatment measurements within the same subjects.
= Example: Comparing gingival inflammation before and after using a new oral rinse.
o Formula: The test ranks the differences between paired observations and checks if the ranks of the
positive and negative differences are equally distributed.
o Significance: Useful when you have paired or repeated measures and the data are not normally
distributed.
3. Kruskal-Wallis H Test [9]

(@)

Purpose: An extension of the Mann-Whitney U test, it compares three or more independent groups to determine if
they differ on a continuous or ordinal variable.
o Indication in Dental Research:
o Comparing the effectiveness of three or more different dental treatments or materials.
=  Example: Comparing the clinical success rate of three different types of dental sealants.
o Formula: It ranks all data points from all groups and compares the sum of ranks between groups.
o Significance: It is suitable for small sample sizes or non-normal data with more than two groups.

i N

. Friedman Test [10]

o Purpose: A non-parametric alternative to the repeated measures ANOVA. It compares three or more related
groups to detect differences in treatments or conditions.

o Indication in Dental Research:

o Comparing the effectiveness of treatments at multiple time points within the same group.

= Example: Evaluating the change in plaque index scores at multiple intervals after applying
different fluoride treatments.

o Formula: Similar to the Wilcoxon signed-rank test but for multiple groups. It ranks the scores for each
group and analyzes the ranks across multiple conditions.

o Significance: Used when data are collected from repeated measurements on the same subjects.

9]

. Chi-Square Test [11]

Purpose: Compares observed frequencies of categorical variables to expected frequencies to assess if there is an

association between variables.
o Indication in Dental Research:

o Used for comparing categorical data, such as success rates of treatments, where outcomes are categorized
into "success" and "failure."
»= Example:Assessing the relationship between smoking and the occurrence of periodontal disease.
o Formula: 2= (O—E)2E\chi*2 = \sum \frac{(O - E)"2} {E}x2=) E(O—E)2 Where:
o 00O: Observed frequency
o EEE: Expected frequency
o Significance: Used when the data are categorical and sample sizes are large enough to make the chi-
square distribution valid.

@)

Indications of Non-Parametric Tests in Dental Research

1. Applicability to Non-Normal Data

e Non-parametric tests do not require the assumption of normality, making them ideal for analyzing data that is
skewed or has outliers (e.g., patient satisfaction ratings, disease severity scores).

IJARETY © |  AnISO 9001:2008 Certified Journal | 34


http://www.ijarety.in/

International Journal of Advanced Research in Education and TechnologY(IJARETY)
| ISSN: 2394-2975 | www.ijarety.in| | Impact Factor: 7.394| A Bi-Monthly, Double-Blind Peer Reviewed & Referred Journal |

SIJARETY

|| Volume 12, Issue 1, January-February 2025 ||

DOI1:10.15680/IJARETY.2025.1201004

N

. Use in Ordinal or Ranked Data
These tests are particularly useful in dental research, where data are often ordinal (e.g., severity of periodontal
disease, plaque index scores) or categorical (e.g., success/failure of a dental implant).

W

. Small Sample Sizes
Non-parametric tests are especially effective when the sample size is small, where parametric tests may not
provide reliable results due to the Central Limit Theorem not applying.

N

. Robustness
Non-parametric tests are more robust to violations of assumptions compared to parametric tests, as they do not
require specific distributions for the data.

9]

. Simplicity and Flexibility

e These tests are simpler to apply and interpret, particularly for studies involving non-continuous data or those with
data that are difficult to model parametrically.

In dental research, non-parametric tests are essential, particularly when working with ordinal variables, non-normal

data, or small sample sizes. These tests are crucial for evidence-based dentistry research because they offer solid,

dependable techniques for evaluating a range of clinical and experimental data.

Significance of Non-Parametric Tests in Dental Research

1. Flexibility with Data Types

e  Non-parametric tests are ideal for ordinal or nominal data, which are common in dental research (e.g., ratings of
pain, satisfaction, or disease severity).

2. Handling Non-Normal Distributions
e They are appropriate when data are skewed, have outliers, or do not follow a normal distribution. This is common
in dental studies where clinical measurements often do not follow ideal normality.

3. Small Sample Sizes
e Non-parametric tests can be applied to small sample sizes, where parametric tests may not be applicable due to
insufficient data or the violation of normality assumptions.

4. Robustness
o These tests are less sensitive to violations of assumptions like normality, making them more reliable for analyzing
real-world dental data.

For dental researchers, non-parametric tests are particularly useful when working with ordinal variables, small sample
sizes, or data that is not normally distributed. They offer strong, dependable statistical techniques for evaluating the
effectiveness of dental procedures, investigating correlations between variables, and comparing various groups or
periods of time.

* Analysis of Variance [ANOVA] and significance

A statistical technique called analysis of variance (ANOVA) compares the means of two or more groups to see if there
are any notable differences between them. It assesses whether there is a statistically significant difference if the
variability between group means is larger than the variability within groups.

Concept and Purpose of ANOVA

e Null Hypothesis (HOH_O0HO0): All group means are equal (ul=p2=p3...\mu 1 =\mu 2 = \mu_3 \dotspu1=pu2=u3
)

e Alternative Hypothesis (HaH_aHa): At least one group mean is different.

e Significance: ANOVA helps researchers understand whether variations in outcomes are due to the factor being
tested or random chance.

In dentistry research, ANOVA is frequently used to assess how various situations, treatments, or interventions affect
clinical outcomes like salivary pH levels, caries prevalence, or plaque index.
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Types of ANOVA
ANOVA can be categorized based on the experimental design and number of factors:
1. One-Way ANOVA [4]
e Description: Compares the means of three or more groups based on a single independent variable (factor).
e Example:
o Comparing the efficacy of three different toothpaste brands on plaque reduction.

1. Assumptions:

e  Observations are independent.

e Data are normally distributed within groups.

e Homogeneity of variances (equal variances among groups).

2. Output:

o FFF-statistic: Ratio of variance between groups to variance within groups.

e ppp-value: Determines if the differences are statistically significant.

3. Post-Hoc Test: If significant, post-hoc tests (e.g., Tukey’s HSD) identify specific group differences.

2. Two-Way ANOVA [5]
e Description: Examines the effect of two independent variables (factors) on a dependent variable, including their
interaction.
e Example:
o Assessing the effect of toothpaste type (factor 1) and brushing frequency (factor 2) on plaque reduction.
e Advantages:
o Evaluates main effects (individual impact of each factor).
o Tests interaction effects (how factors influence each other).
e Assumptions: Same as one-way ANOVA.
Output:
o Separate FFF-statistics and ppp-values for each main effect and interaction.

3. Repeated Measures ANOVA [12]
e Description: Used when the same subjects are measured multiple times under different conditions or over time.
e Example:
o Measuring fluoride release from a varnish at 1 hour, 24 hours, and 7 days.
Advantages:
o Reduces variability since comparisons are within the same subjects.
o Requires fewer participants than independent designs.
Assumptions:
o Sphericity: Variances of differences between all combinations of conditions are equal.
o Normality of differences.
Test for Sphericity: Mauchly’s test; if violated, corrections (e.g., Greenhouse-Geisser) are applied.

4. MANOVA (Multivariate Analysis of Variance) [13]
e Description: Extends ANOVA to analyze multiple dependent variables simultaneously.
e Example:

o Assessing the effects of a new dental treatment on both plaque index and gingival index.
Advantages:

o Identifies relationships among dependent variables.

o Reduces the risk of Type I error (false positives) from multiple separate tests.
Assumptions:

o Multivariate normality.

o Homogeneity of covariance matrices.
Output:

o Multivariate test statistics (e.g., Wilks’ Lambda).
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5. ANCOVA (Analysis of Covariance) [11]
e Description: Combines ANOVA with regression by adjusting for the effects of covariates (continuous variables
that may influence the dependent variable).
e Example:
o Comparing the effectiveness of dental sealants across different clinics while adjusting for patient age.
e Advantages:
o Improves statistical power by accounting for covariate variability.
o Reduces confounding effects.
e Assumptions:
o Homogeneity of regression slopes (covariate effects are consistent across groups).

Significance of ANOVA in Research

1. Comprehensive Group Comparisons: ANOVA allows simultaneous comparison of multiple groups, avoiding
inflated Type I error rates associated with multiple ttt-tests.

2. Interaction Effects: Two-way and repeated measures ANOVA enable researchers to understand complex
interactions between variables.

3. Applications in Dental Research:

e Comparing restorative materials for durability or aesthetics.

e Evaluating treatment outcomes for periodontal or orthodontic interventions.
e Studying effects of dietary patterns on oral health metrics.

Limitations

e Assumptions (e.g., normality, homogeneity of variances) can be restrictive.
e  Sensitive to outliers, which can skew results.
e Post-hoc tests increase the chance of Type I errors if used excessively.

Statistical Software for ANOVA

o SPSS: Easy-to-use for one-way and two-way ANOVA.

e R:Ideal for complex ANOVA and MANOVA analyses.

e  GraphPad Prism: Simplifies repeated measures ANOVA with visual outputs.
e Stata: Excellent for large datasets and ANCOVA.

*T-tests and their significance in Dental Research

T-tests are statistical tests used to determine whether there is a significant difference between the means of two groups.
They are widely employed in dental and medical research for hypothesis testing, particularly when comparing small
sample sizes.

Concept of T-Tests
e Purpose: Evaluate if the observed difference in means is statistically significant or could have occurred by chance.
e Hypotheses:
o Null Hypothesis (HOH_0HO0): The means of the two groups are equal (u1=p2\mu_1 =\mu_2pl=p2).
o Alternative Hypothesis (HaH_aHa): The means of the two groups are not equal (ul#u2\mu_ 1 \neq
\mu_ 2pll =p2).
e Output:
o T-statistic: A ratio comparing the difference between group means to the variability within the groups.
o P-value: Indicates the probability of observing the results if HOH_OHO is true.

Types of T-Tests
The choice of t-test depends on the data characteristics and study design:
1. One-Sample T-Test [5]
e Description: Compares the mean of a single sample to a known or hypothesized population mean.
e Example in Dental Research:
o Comparing the average fluoride concentration in drinking water of a community against the
recommended level (e.g., 1 ppm).
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e  Assumptions:
Data are continuous and approximately normally distributed.
Sample observations are independent.

N =

Formula: t=x"—ps/nt = \frac{\bar{x} - \mu} {s / \sqrt{n} }t=s/nx"—p Where:

x \bar{x}x": Sample mean

wmup: Population mean

sss: Standard deviation of the sample

nnn: Sample size

Significance: Helps determine if a sample is representative of the population or if there are deviations.

oOe o o o —

N

. Independent Samples T-Test [4]

Description: Compares the means of two independent groups.

Example in Dental Research:

Comparing the efficacy of fluoride toothpaste vs. non-fluoride toothpaste on plaque reduction.
Assumptions:

Data are continuous and approximately normally distributed.

The two groups are independent.

Variances in the two groups are equal (can be tested with Levene’s Test).

Formula:  t=x"1-x2s12n1+s22n2t = \frac{\bar{x} 1 - \bar{x} 2} {\sqrt{\frac{s 1"2}{n 1} +
\frac{s 2”2} {n_2}}}t=nls12+n2s22x"1—x 2 Where:

o X 1,x2\bar{x} 1,\bar{x} 2x71,x"2: Means of the two groups

o s12,822s 172, s 2"2s12,822: Variances of the two groups

o nl,n2n_1,n 2nl,n2: Sample sizes of the two groups

e Significance: Useful in randomized controlled trials comparing treatment groups.

e Who— e e o

w

. Paired Samples T-Test (Dependent T-Test) [2]
e Description: Compares the means of the same group measured at two different times or under two different
conditions.
e Example in Dental Research:
o Comparing pre-treatment and post-treatment salivary pH levels after using a new mouthwash.
Assumptions:
Data are continuous and approximately normally distributed.
Observations are paired (e.g., before and after measurements for the same subject).
Differences between pairs are independent.
Formula: t=d"sd/nt = \frac{\bar{d}} {s_d /\sqrt{n} }t=sd/nd” Where:
o d\bar{d}d": Mean of the differences
o sds dsd: Standard deviation of the differences
o nnn: Number of pairs
o Significance: Effective for within-subject comparisons or repeated measures.

e o — o e

Significance of T-Tests
1. Simplicity and Efficiency:

o T-tests are simple to perform and interpret, making them suitable for small-scale studies.
2. Applicability in Dental Research:

o Commonly used to compare treatment outcomes, materials, or clinical protocols.

o Examples include evaluating the effect of fluoride varnish on caries prevention or comparing dental sealant
effectiveness.
3. P-Value Interpretation:

o p<0.05p < 0.05p<0.05: Statistically significant; reject HOH_OHO.

o p=0.05p \geq 0.05p=>0.05: Not statistically significant; fail to reject HOH_OHO.
4. Handling Variability:

o By analyzing means and standard deviations, t-tests account for variability within and between
groups.Assumptions and Limitations
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Assumptions:

e Data are continuous and normally distributed.

e Sample sizes should be reasonably large (n>30n > 30n>30) for the Central Limit Theorem to apply if normality is
questionable.

e Homogeneity of variances (equal variances between groups).

Limitations:

e  Sensitive to outliers, which can distort results.

e Not suitable for more than two groups (use ANOVA instead).

e Assumes independence in data; correlated data require paired or advanced tests.

Common Software for T-Tests [4,5,12-14]

1. SPSS: Ideal for one-sample, independent, and paired t-tests with intuitive outputs.

2. R: Flexible and powerful for advanced t-test applications and scripting.

3. GraphPad Prism: Simplified interface for paired and independent t-tests with visual outputs.
4. Stata: Excellent for large datasets and complex comparisons.

II. SOFTWARE FOR STATISTICAL ANALYSIS

SPSS; R; Stata and GraphPad Prism
In dentistry research, choosing the appropriate statistical test is essential to producing accurate and trustworthy results.
Selecting the best test requires knowledge of the study design, data type, and research objectives.

Statistical software’s with indications
Statistical software packages are essential for analyzing data in research, including dental research. Each software has
specific features, strengths, and best-use cases. Here's an overview of popular statistical software, their indications:

1. SPSS (Statistical Package for the Social Sciences) [15]
e Description: A user-friendly statistical software designed for non-statisticians. Widely used in social sciences,
medicine, and dental research.
Indications:
Descriptive statistics (e.g., mean, median, standard deviation).
Hypothesis testing (e.g., ttt-tests, ANOVA, chi-square tests).
Regression analysis (linear, logistic).
Non-parametric tests (e.g., Mann-Whitney U, Kruskal-Wallis).
Basic data visualization (e.g., bar charts, scatterplots).
Advantages:
o Intuitive interface with point-and-click functionality.
o  Suitable for beginners and routine analyses.
o Integrated help system and tutorials.
Limitations:
o Limited support for advanced statistical modeling.
o Less flexible for custom scripting compared to R or Python.

o °
O O O O O

2.R [16]

e Description: An open-source programming language and software environment for statistical computing and
graphics.

e Indications:

o Advanced statistical modeling (e.g., survival analysis, mixed models).
o Data visualization with packages like ggplot2.
o Machine learning and predictive analytics.
o Custom scripting for specialized analyses.
Advantages:
o Free and open-source.
o Extensive range of packages and customization options.
o Active community and regular updates.
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Limitations:
o Steeper learning curve for beginners.
o Requires programming skills for effective use.

3. Stata [17]
e Description: A versatile software for data analysis, data management, and graphics. Popular in medical, dental,
and public health research.
e Indications:
o Regression analysis (linear, logistic, Poisson).
o Longitudinal data analysis and panel data.
o Survival analysis and time-series analysis.
o  Econometric modeling.
e Advantages:
o Intuitive interface with command-line and point-and-click options.
o Comprehensive documentation and technical support.
o Excellent for managing large datasets.
e Limitations:
o Licensing can be expensive.
o Less flexible than R for custom scripting.

N

. SAS (Statistical Analysis System) [18]
e Description: A powerful software suite for advanced analytics, multivariate analysis, and data management.
e Indications:
o  Clinical trials and epidemiological research.
o Predictive modeling and machine learning.
o Advanced statistical tests (e.g., multivariate analysis of variance, factor analysis).
o Large-scale data integration and management.
e Advantages:
o Robust for large datasets.
o Extensive support for clinical research applications.
o Highly reliable for regulatory compliance in health research.
e Limitations:
o Expensive licensing.
o Complex syntax for beginners.

. GraphPad Prism [19]
Description: Software designed for biologists and medical researchers, emphasizing graphical presentation of data.
Indications:
o Basic and advanced statistical analyses (e.g., ttt-tests, ANOVA, survival analysis).
o Data visualization (e.g., Kaplan-Meier curves, scatterplots).
o Easy-to-use for researchers without extensive statistical knowledge.
e Advantages:
o Highly intuitive interface.
o Focused on data visualization and interpretation.
o Ideal for small-scale studies and routine analyses.
e Limitations:
o Limited for complex statistical modeling.
o Not ideal for large datasets or programming.

o Wn

=2

. Minitab [20]
Description: Software focused on quality improvement and basic statistical analyses.
Indications:
o Descriptive statistics and hypothesis testing.

o Quality control charts and process improvement (e.g., Six Sigma projects).
o Regression and ANOVA.
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Advantages:

o Easy to learn and use.

o Tailored for industrial and quality management applications.
Limitations:

o Limited for advanced statistical techniques.

o Costly for individual users.

7. JMP (by SAS) [21]
e Description: An interactive software for exploratory data analysis and visualization.
e Indications:

o Exploratory data analysis (EDA).

o Data visualization and model fitting.

o  Educational use for teaching statistics.
Advantages:

o Highly interactive and user-friendly.

o Integrates statistical analysis and data visualization seamlessly.
Limitations:

o Costly for individual researchers.

o Limited functionality for high-level programming.

8. Python (with Libraries like Pandas, NumPy, SciPy, and Stats models) [22]
e Description: A versatile programming language with extensive libraries for data analysis and machine learning.
e Indications:
o Data manipulation and preprocessing.
o Statistical modeling and hypothesis testing.
o Machine learning and artificial intelligence applications.
e Advantages:
o Free and open-source.
o  Supports integration with machine learning frameworks.
o Excellent for large datasets and automation.
Limitations:
o Requires programming expertise.
Less specialized for medical research compared to SPSS or SAS

II. CONCLUSION

Statistical tests are indispensable tools in dental research, providing essential methods for analyzing data, testing
hypotheses, and drawing evidence-based conclusions. Whether employed to assess the efficacy of dental treatments,
compare the effectiveness of different materials, or explore associations between risk factors and oral health outcomes,
statistical methods enable researchers to derive meaningful insights from clinical data. It is crucial for researchers to
select the right test depending on the type of data, research question, and study design because each test has distinct
assumptions and uses.
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