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Anovas 

• One-way ANOVA  

• Two-way Factorial ANOVA 

• How to conduct analysis on SPSS 

• How to interpret SPSS outputs 

• How to report results 

 

 

 

 

 

1 

One-way ANOVA 

• ANOVA means Analysis of Variance 

• ANOVA: compare means of two or more levels 
of the independent/predictor variable  

– One independent variable 

– One dependent variable 
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Anova Logic 

Partition total variance in criterion into two types: 
 

• between group variance (aka systematic, predicted, or 
treatment) – variance associated with the 
independent/predictor groups – how much group means 
deviate from the grand mean 

 

• within group variance (aka error) – variance not associated 
with predictor groups – how much scores within a group 
deviate from the group mean 

 

Calculate F ratio: 
 

• Ratio of between group s2 divided by within group s2 
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Anova Computation 

• Variance formula: 

 

 

 

• Divide total SS into SSbet and SSwit 
 

• Divide total df into dfbet and dfwit 
 

• Between group s2 (MSbet) is SSbet divided by dfbet  
 

• Within group s2 (MSwit) is SSwit divided by dfwit  
 

• F ratio = MSbet divided by MSwit  

One-way ANOVA 

• Research design- 2 Variables 
– Experimental Design or Natural Groups: 

Between-groups design 

– Different individuals are assigned to different 
groups (level of independent/predictor variable). 
Can either be through random assignment (e.g., 
treatment vs. control) or naturally occurring 
groups (e.g., gender, ethnicity) 

 

.  
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One-way ANOVA 

• Level of Measurement 

– Independent/Predictor variable (factor variable) is 
nominal/ordinal- 

• Need to know number of groups- for a one-way need 3 
or more groups/levels/conditions 

– Dependent variable (interval). 

6 
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One-way ANOVA 

• Example:  

–  Twenty four workers want to see whether various 
routes differ in the time it takes to get to work.  
Starting from points equidistant from work, eight 
coworkers take public transportation, eight drive 
on the highway, and eight take the back roads. 

7 

One-way ANOVA 

•  State null hypothesis 

  There is no difference in the amount of 
time it takes to travel based on type of route 

 M Public = M Highway = M Back Roads 

• State the alternative 

M Public ≠ M Highway ≠ M Back Roads 
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One-way ANOVA 

•  Assumptions 
– (Independence: each group is an independent 

random sample from a normal population)- we do 
not test for this one.  

– Normality: the underlying distribution is normal 

 Run descriptive statistics and examine skew if 3 
and above it is a problem 

– Homogeneity of Variance: the groups should 
come from populations with equal variances.  
Levene’s test. 

 

 9 
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One-way ANOVA 

• Running a one-way between-subjects ANOVA 
with SPSS. 

• Select Analyze             General Linear Model      
Univariate 

– Move Minutes 

– Move Type of Road 

– Click Post Hoc 
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One-way ANOVA 

• Post Hoc Comparisons 
– This analyses assess mean differences between all 

combinations of pairs of groups  

– If the F ratios for the independent variable is 
significant 

– To determine which groups  

 differ from which 

– It is a follow-up analysis 

– Check Scheffe 

– Click Continue  

11 

One-way ANOVA 
• Options 

12 

Check 
•Descriptive statistics 
•Homogeneity test 
 

Click Continue 
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One-way ANOVA 

• SPSS output 
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Given a large number of samples drawn 
from a population, 95% of the means for 
these samples will fall between the lower 
and upper values. 

Standard deviation divided by square 
root of N;  

One-way ANOVA 

• SPSS output 
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The Levene’s test is about 
the  equal variance across 
the groups. p = .137, 
means homogeneous 
variances across four 
groups. 

One-way ANOVA 

• SPSS output 

15 

There was a significant difference 
across the three routes 

F (2,21) = 27.45, p = .000 
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Effect Size Estimation 

• Formula: 

 

 

 

 

• effect sizes –  weak =           1% to 9% 

       moderate =  10% to 19% 

       strong =         20% + 

 

Post-Hoc Comparisons 

• follow a significant anova with post-hoc pairwise comparisons to 
isolate which groups are significantly different 

 

• different types vary in their degree of conservativism 
 

 1) Fisher’s LSD (Least Significant Differences) 
  most liberal 
  series of independent sample t tests 
  does not control experimentwise α risk 
 

 2) Tukey’s HSD (Honest Significant Differences) 
  more conservative 
  uses studentized range statistic instead of t 
 

 3) Scheffe Contrasts 
  more conservative 
  squares t values + compares to larger critical value 

One-way ANOVA 

• SPSS output Post hocs 
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Multiple Comparisons 

Dependent Variable: minutes  

 Scheffe 

(I) roadtype (J) roadtype Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Public 

highway -16.25000* 2.61947 .000 -23.1475 -9.3525 

back rooads -32.37500* 2.61947 .000 -39.2725 -25.4775 

highway 

Public 16.25000* 2.61947 .000 9.3525 23.1475 

back rooads -16.12500* 2.61947 .000 -23.0225 -9.2275 

back rooads 

Public 32.37500* 2.61947 .000 25.4775 39.2725 

highway 16.12500* 2.61947 .000 9.2275 23.0225 
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One-way ANOVA 
 

• Writing up results APA style 
 Researchers were interested in differences between types of route (Independent Variable - Natural 

groups; 3 groups: Public transportation, Back Roads and Highway) and travel time (Dependent Variable).  
The sample consisted of 24 participants. Starting at the same destination , 8 participants took public 
transportation, 8 took back roads and 8 took the highway. Descriptive statistics indicated that the average 
amount of travel time across groups was  high (M =48.71) and there was moderate variability (SD = 14.40).  
Skew index indicated that time to travel was normally distributed (Skew =  .18), indicating that the 
assumption of normality was met  

 
 Levene’s test indicated that the assumption of homogeneity of variance was met. A one-way ANOVA 

showed a statistically significant differences between route types in travel time  F (2, 21) = 27.45, p = .000. 
A Schefe test indicated  that the 3 types were significantly different from each other.  Public transportation 
took less time (M = 37.50, SD = 2.45) than Back Roads which took the longest time (M = 64.87, SD= 6.56) 
and the Highway (M = 48.75, SD = 5.78). The effect size was large (η2 = 88) indicating that 88% of the 
variance in time travel could be explained by type of route taken.  There is a Type 1 risk. In sum, the 
quickest way to get to work is with public transportation. 

 
19 

Factorial ANOVA 

• Two-way between-subjects ANOVA 

– A factorial combination of two independent 
variables 

– Two main effects: comparing the means of the 
various levels of an independent variable. Each 
independent variable has its own main effect. 

– One interaction effect: reflects the effect 
associated with the various combinations of two 
independent variables. 
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Two-way ANOVA 

•  Assumptions 
– (Independence: each group is an independent 

random sample from a normal population)- we do 
not test for this one.  

– Normality: the underlying distribution is normal 

 Run descriptive statistics and examine skew if 3 
and above it is a problem 

– Homogeneity of Variance: the groups should 
come from populations with equal variances.  
Levene’s test. 

 

 21 
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Two-way ANOVA 

• Example: Type of Routes X Gender 
• I hypothesized that males will be faster on the 

highway, but slower on back roads whereas females 
will be faster on the back roads, but slower on the 
highway 
– Research design: between-subjects design; natural groups 
– Research question: Is there a different relationship 

between types of routes and time to travel across the 
gender?   
• Two independent/predictor variables: Types of Routes with 3 

levels: Public, Back Roads and Highway; Gender (with two levels: 
female and male. 

• One dependent/criterion variable: Time 
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Two-way ANOVA 
• Select Analyze             General Linear Model 

Univariate 

• Click Options & Plots 
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Two-way ANOVA 

• Click Post Hocs 

 

24 
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Two-way ANOVA 

• Click Plots 
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Two-way ANOVA 

• SPSS output 
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It is not significant, which 
means  that assumption of 

homogeneity of variance has 
been met.  

Descriptive Statistics 

Dependent Variable: minutes 

roadtype gender Mean Std. Deviation N 

Public 

male 34.0000 2.16025 4 

female 31.0000 1.82574 4 

Total 32.5000 2.44949 8 

highway 

male 49.8000 5.49545 5 

female 47.0000 7.00000 3 

Total 48.7500 5.77556 8 

back rooads 

male 68.8000 3.34664 5 

female 58.3333 5.03322 3 

Total 64.8750 6.55608 8 

Total 

male 52.0714 14.96388 14 

female 44.0000 12.81492 10 

Total 48.7083 14.39951 24 

Levene's Test of Equality of Error Variancesa 

Dependent Variable: minutes 

F df1 df2 Sig. 

1.301 5 18 .307 

Two-way ANOVA 

• SPSS output 
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Main Effect for Road 
Type is significant 

Main Effect for 
Gender is significant 

Tests of Between-Subjects Effects 

Dependent Variable: minutes 

Source Type III Sum of 

Squares 

df Mean Square F Sig. Partial Eta Squared 

Corrected Model 4430.692a 5 886.138 47.154 .000 .929 

Intercept 53286.684 1 53286.684 2835.515 .000 .994 

roadtype 3739.823 2 1869.912 99.503 .000 .917 

gender 168.896 1 168.896 8.987 .008 .333 

roadtype * gender 72.323 2 36.162 1.924 .175 .176 

Error 338.267 18 18.793       

Total 61709.000 24         

Corrected Total 4768.958 23         
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Two-way ANOVA 

• SPSS output 
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Two-way ANOVA 
  

 Researchers were interested in differences between types of route (Predictor Variable 1; Natural 
groups; 3 levels: Public transportation, Back Roads and Highway) and  gender (Predictor Variable 2; 
Natural Groups)  on Travel Time (Criterion Variable).  The sample consisted of 24 participants. 
Starting at the same destination , 8 (4  males;  4 females)  participants took public transportation, 8 
(5 males, 3 females)  took back roads and 8 (5 males; 3 females) took the highway.  Descriptive 
statistics indicated that the average amount of travel time across groups was  (M =48.71) and there 
was moderate variability (SD = 14.40).  

 
 To test the hypothesis , a 3 (Route Type: Public Transportation, Back Roads, Highway) X  2 (Gender: 

Male, Female),  ANOVA  was conducted and showed a main effects for Type of Route (F (2, 18) = 
99.50,  p= .000 and a main effect for Gender  (1, 18) = 8.99, p = .008. A Schefe test indicated   that 
the 3 types were significantly different from each other.  Public transportation took less time (M = 
37.50, SD = 2.45) than Back Roads took the longest time (M = 64.87, SD= 6.56) and the Highway (M 
= 48.75, SD = 5.78).  The effect size was large (η2 = .92) Females (M = 64.87, SD= 6.56) were faster 
than males (M = 52.07, SD= 14.96) and the effect size was large (η2 = .33). For the interaction effect, 
there is the possibility of a Type II error.  In sum, females drive faster than males and back roads 
increase travel time.  Although not significant, the graph suggests that differences between male 
and females travel time may be on back roads, with females reporting shorter travel times. 
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