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How to Easily Choose Between One-Way and Two-Way ANOVA

Understanding the appropriate statistical tool is paramount for conducting accurate quantitative
research. When the goal is to compare the means of different groups influenced by experimental
conditions, the Analysis of Variance (ANOVA) is the foundational technique used. Deciding

whether to utilize a one-way or a two-way ANOVA hinges entirely on the design of the experiment,
specifically the number of independent variables (or factors) being investigated.

A one-way ANOVA is employed when researchers are analyzing the influence of a single factor
that possesses two or more distinct levels. Its primary function is to ascertain if there is a
statistically significant difference among the group means resulting from this single factor.

Conversely, the two-way ANOVA is necessary when the experimental design includes two
separate independent variables, each with multiple levels. This more complex technique not only
evaluates the individual effects of each variable (main effects) but also critically assesses whether
there is a significant interaction between the two factors on the dependent variable.

An ANOVA, which stands for "Analysis of Variance," is a statistical test designed to determine
whether or not there is a statistically significant difference between the means of three or more
independent groups. While the name suggests variance is being analyzed, the test ultimately uses
variance within and between groups to make inferences about population means.

The two most common and foundational types of ANOVAs are the one-way ANOVA and the two-
way ANOVA. Selecting the correct method is crucial because the two-way model allows for the
detection of complex relationships that a one-way model would entirely miss.

One-way ANOVA: This model is exclusively used to determine how one single factor affects a
response variable. The independent variable must have at least three levels (groups); if there were
only two groups, a standard t-test would be the more appropriate statistical choice.

v
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Two-way ANOVA: This model is significantly more complex, utilized to determine how two factors
simultaneously affect a response variable. Furthermore, the core strength of this method lies in its
ability to determine whether or not there is an interaction effect between the two factors on the
response variable--meaning the effect of one factor depends on the level of the other factor.
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Understanding the Core Logic of ANOVA

At its heart, ANOVA operates by partitioning the total variance observed in the data into different
sources: variance attributable to the experimental treatment (between-group variance) and
variance attributable to random error (within-group variance). By comparing these sources of
variance, the test produces an F test statistic. If the between-group variance is significantly larger
than the within-group variance, it suggests that the manipulation of the independent variable(s) has
caused a real effect on the means.

The central hypothesis tested by any ANOVA is the null hypothesis ($H_0$), which posits that all
population means are equal. For a one-way ANOVA with three groups (A, B, C), this is stated as
$mu_A = mu_B = mu_CS$. If the resulting p-value from the F-test is below the predetermined
significance threshold (usually $alpha = 0.05%), the null hypothesis is rejected, and we conclude
that at least one group mean is statistically different from the others.

It is important to remember that ANOVA is an omnibus test. While it tells us that differences exist, it
does not specify which particular pairs of groups are different. If the ANOVA result is significant,
post-hoc tests (such as Tukey's HSD or Bonferroni correction) are required to perform pairwise
comparisons and precisely locate the differences among the group means.

Detailed Comparison: One-Way Versus Two-Way ANOVA

The fundamental distinction between the two models lies in the complexity of the experimental
design. A one-way ANOVA is suitable only for the simplest designs involving one categorical

independent variable and one continuous dependent variable. This design is focused on
determining the main effect of that single factor.

A two-way ANOVA introduces a second independent variable, which significantly increases the
analytical power. Instead of testing a single null hypothesis, the two-way ANOVA tests three
distinct null hypotheses: (1) No main effect for Factor 1, (2) No main effect for Factor 2, and (3) No
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interaction effect between Factor 1 and Factor 2. Analyzing these three components provides a
much richer understanding of the underlying data structure.

The ability of the two-way ANOVA to detect interactions is often its most valuable feature. An

interaction effect occurs when the impact of one factor on the outcome variable changes
depending on the level of the second factor. For instance, a medication might be highly effective
for males but completely ineffective for females. If the analysis only considers gender or
medication type separately (as in two separate one-way ANOVAS), this conditional relationship
would be masked.

Example: One-Way ANOVA Applied to Educational Research

Consider a scenario where a professor is interested in optimizing student performance. The
professor wants to know if three different studying techniques lead to statistically different exam
scores among students. This study involves only one independent variable (Studying Technique)
with three specific levels (Technique 1, Technique 2, Technique 3).

To test this, the professor recruits 30 students to participate in a study and randomly assigns each
student to use one of the three techniques to prepare for a standardized exam. The use of random
assignment is crucial to ensure internal validity and minimize confounding variables. At the end of
one month, all of the students take the same test, and their scores are recorded.

The test scores for each student are shown below, illustrating the need to compare the means of
these three distinct groups:

Groupl | Group2 | Group 3
85 91 79
86 92 78
88 93 88
75 85 94
78 87 92
94 84 85
98 82 83
79 88 85
71 95 82
80 96 81

The professor performs a one-way ANOVA, yielding the following results summary, typically
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presented in an ANOVA source table:

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Group 1 10 834 83.4 71.15556
Group 2 10 893 89.3 23.12222
Group 3 10 847 84.7 28.01111
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 192.2 2 96.1 2.357532 0.113848 3.354131
Within Groups 1100.6 27 40.76296
Total 1292.8 29

In this analysis, the calculated F test statistic is 2.3575 and the corresponding p-value is 0.1138.
Since this p-value (0.1138) is not less than the conventionally accepted alpha level of 0.05, we do
not have sufficient statistical evidence to reject the null hypothesis. Therefore, we conclude that the
three studying techniques do not lead to statistically different mean exam scores, despite potential
numerical differences observed in the sample means.

Example: Two-Way ANOVA Applied to Biological Research

Suppose a botanist wishes to understand the environmental factors influencing plant growth. She
wants to know whether or not plant growth (the continuous dependent variable) is influenced
simultaneously by two factors: sunlight exposure (Factor 1, e.g., Low vs. High) and watering
frequency (Factor 2, e.g., Daily vs. Weekly). This requires a two-way ANOVA because two
independent variables are manipulated.

The botanist plants 40 seeds and lets them grow for two months under the four possible
combinations of these conditions (Low/Daily, Low/Weekly, High/Daily, High/Weekly). After two
months, she records the height of each plant. The collected data is highly structured, necessitating
a method that can assess the main effect of each factor as well as their joint impact.
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Sunlight Exposure
Watering Frequency| None Low Medium High
Daily 4.8 5 6.4 6.3
4.4 5.2 6.2 6.4
3.2 5.6 4.7 5.6
3.9 4.3 5.5 4.8
4.4 4.8 5.8 5.8
Weekly 4.4 4.9 5.8 6
4.2 5.3 6.2 4.9
3.8 5.7 6.3 4.6
3.7 5.4 6.5 5.6
3.9 4.8 5.5 5.5

The results of the two-way ANOVA are summarized below. Note that the table includes distinct
rows for both main effects and the interaction term:

ANOVA

Source of Variation SS df MS F P-value F crit
Watering 0.00025 1 0.00025 0.000921 0.975975 4.149097
Sunlight 18.76475 3 6.254917 23.04898 0.000003 2.90112
Interaction 1.01075 3 0.336917 1.241517 0.310898 2.90112
Error 8.684 32 0.271375
Total 28.45975 39

Interpreting the Two-Way ANOVA Results

Interpreting the output of a two-way ANOVA requires careful inspection of the three associated p-
values, typically starting with the interaction effect:

The p-value for the interaction between watering frequency and sunlight exposure was 0.310898.
Since this is much greater than the 0.05 alpha level, the interaction is not statistically significant.
This means the effect of sunlight on plant height is consistent regardless of the watering frequency,
and vice versa.

The p-value for the main effect of watering frequency was 0.975975. This is not statistically
significant. We conclude that watering frequency, averaged across all levels of sunlight, does not
significantly affect plant height.

The p-value for the main effect of sunlight exposure was 0.000003. Since this is extremely low (P <
0.05), this factor is statistically significant.
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These results definitively indicate that sunlight exposure is the only factor that has a statistically
significant effect on plant height. Because the interaction effect was non-significant, the botanist
can confidently report that the beneficial effect of optimal sunlight exposure holds true whether the
plants are watered daily or weekly, simplifying the final recommendation.

Practical Scenarios: Choosing the Right ANOVA Model

The following practical problems help solidify the decision process regarding when to use a one-
way versus a two-way ANOVA. The key is always to count the number of categorical independent
variables being tested.

Problem #1: Farming and Fertilizers

A farmer wants to know if three different fertilizers (A, B, C) lead to different crop yields. To test
this, he sprinkles each type of fertilizer on 10 different fields and measures the total yield at the end
of the growing season.

Which type of ANOVA should he use to determine if the different fertilizers lead to different crop
yields?

Answer: He should use a one-way ANOVA because there is only one independent variable he is
studying: Fertilizer type. This variable has three levels. A one-way ANOVA can tell him whether or
not there is a statistically significant difference in crop yields between the three different types of
fertilizer.

Problem #2: Biology and Environmental Controls

A biologist wants to know how different levels of soil composition (Low, Medium, High) and
watering frequency (Weekly, Monthly) impact the growth of a certain plant. The goal is to see if the
best soil composition depends on the watering schedule.

Which type of ANOVA should she use to determine if the different combinations of soil composition
and watering frequency lead to different levels of plant growth?

Answer: She should use a two-way ANOVA because there are two distinct independent variables
she is studying: Soil Composition (Factor 1) and Watering Frequency (Factor 2). A two-way
ANOVA is necessary to determine if different levels of each factor affect plant growth and, critically,
whether or not there is an interaction effect between soil and watering frequency on plant growth.

Problem #3: Medication Efficacy Testing

A medical researcher wants to know if four different medications (M1, M2, M3, Placebo) lead to
different mean blood pressure reductions in patients. He randomly assigns 20 patients to use each
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medication for one month, then measures the blood pressure reduction in each patient.

Which type of ANOVA should he use to determine if the four different medications have different
effects on blood pressure reduction?

Answer: He should use a one-way ANOVA because there is only one independent variable he is
studying: Medication type. This factor has four levels. A one-way ANOVA can efficiently tell him
whether or not there is a statistically significant difference in mean blood pressure reduction
between the four types of medications.

Further Resources for ANOVA Mastery

To gain a deeper understanding of the computational and interpretative aspects of these analyses,
refer to the following advanced tutorials on the one-way ANOVA:

How to Perform a One-Way ANOVA in R

And use these resources to gain a better grasp of the complexities involved in the two-way
ANOVA:
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