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#1 

H0: µT =  µA  

The Levene’s F-test for equal variances indicates that the assumption of equal 

variances is not met, F(5, 18) = 6.847, p = .001 so all interpretation must be regarded 

with caution.  The small sample size, n = 24, may contribute to these results.  The two-

factor ANOVA to test the effects of student ability (SA) and the treatment (T) indicates 

that there is not a statistically significant main effect for student ability when controlling 

for the treatment, F (2, 18) = 2.122, p = .191.  Additionally, there is not a statistically 

significant main effect for the treatment F(1,18) = 1.280, p = .273.  Furthermore, there is 

not a statistically significant main effect for ability, F(2, 18) = 2.757, p = .090.  The 

omnibus effect size for the sample data is 

€ 

η2 = .380 , indicating that 38 % of the variance 

in the reading proficiency score is accounted for by score differences between student 

ability and the treatment.  According to Cohen’s guidelines for interpreting !2 , the effect 

size of .380 is substantial, but again, none of the results overall are significant at any of 

these p values.   

The results from the Tukey poc hoc multiple comparisons, also indicate that there 

is no statistically significant difference between the treatment and the control group when 

comparing low, medium, and high ability students. The partial eta-squared measure for 

the effect sizes for ability is .191, indicating that 19% of the variability in reading 

proficiency can be explained by students’ ability, if all other factors and interactions of 

factors are controlled. The partial eta-squared measure for the effect size for the treatment 

is .066, indicating that 6.6% of the variability in reading proficiency can be explained by 



the effects of the treatment, if all other factors and interactions of factors are controlled.  

Again, none of these results are significant at the level p < .05 and can not be considered 

valid.   

The interaction plot indicates a disordinal interaction, which indicates that while the 

overall results are not significant, the fact that the interaction lines are not parallel shows 

interaction.  A higher sample size in another experiment may show significant results.  

However, at this juncture, we fail to reject the null hypothesis: there is no difference in 

reading proficiency between the treatment and control group when controlling for ability. 



#2	  

The null hypothesis states that there is no difference in customer satisfaction from one 

coffee brand to the next.  The results of the chi-square goodness of fit test show that there 

is a statistically significant difference between the level of customer satisfaction and 

coffee brands, ! 2(10) = 719.915, p < .001.  The contingency table indicates that several 

of the cells contribute to the high chi square value.  The standardized residual of -11.5 in 

both O31 and O41 show that these two coffee brands (DD and CC) are negatively 

overrepresented in the Low customer satisfaction category.  This means that Coffee CC 

and Coffee DD had far fewer low satisfaction ratings than would be expected.  Coffee 

AA, on the other hand, has a greater standardized residual, indicating that far more 

customers reported low satisfaction than would be expected.  Coffee FF is the coffee that 

has the most varied customer satisfaction rankings, which is indicated by the relatively 

low variances in each of the categories: satisfaction with the coffee was ranked more 

often as low than as high, but were closer to the statistically expected counts in each 

category.  Finally, Coffee DD can be considered the customer’s surprise favorite since far 

fewer ranked it low in satisfaction than expected and more ranked their satisfaction as 

high than expected. 



#3	  

Y	  =	  Grade	  

X1	  =	  (AG)	  Age	  

X2	  =	  (HS)	  	  	  Total	  hours	  of	  math	  courses	  taken	  

X3	  =	  (SA)	  	  	  	  Statistics	  Anxiety	  

The omnibus F-test indicates that the prediction of grade by age (AG), total high 

school math courses (HS), and statistics anxiety (SA) is statistically significant, F(3,62) = 

7.496, p < .001.  Further, R2 = .266 indicates that 26.6% of the variance in grade is 

explained by the age, total high school math courses, and statistics anxiety.   

The regression equation is: = -.307(AG) + 1.212(HS) - .356(SA) + 91.500.   The 

regression coefficient for age (-.307) is statistically significant, p < .05.  The regression 

coefficient for total hours of math courses (1.212) is statistically significant as well, p < 

.05, and finally the regression coefficient for statistics anxiety is also significant (-.356), p 

< .05.  As age increases, the student’s grade is predicted to decrease by .307 and as 

statistics anxiety increases, grade is expected to decrease by .356.  However, as the 

number of hours in high school math increase, grade is expected to increase by 1.212.  

The part correlation indicates that .052 of the whole R2 value is explained by age, 

controlling for hours in math courses and statistics anxiety.  Similarly, .074 of the whole 

R2 value is explained by hours in math courses, controlling for age and statistics anxiety.  

Finally, .055 of the whole R2 value is explained by statistics anxiety, controlling for age 



and hours in math courses.  This means, for example, that absent an age factor, the R2 

value would go from .266 to .241, meaning it would contribute to 24.1% of the variation 

in grade. 



#4	  

When	  comparing	  students	  at	  risk	  and	  advanced	  students	  it	  is	  inappropriate	  to	  

use	  IQ	  scores	  as	  a	  covariate	  in	  ANCOVA.	  	  One	  of	  the	  critical	  differences	  between	  

ANOVA	  and	  ANCOVA	  is	  the	  capacity	  to	  “control	  for”	  or	  eliminate	  the	  influence	  of	  a	  

covariate	  from	  the	  overall	  effect.	  	  It	  is	  impossible	  to	  control	  for	  IQ	  scores	  as	  they	  are	  

not	  independent	  of	  the	  classification	  of	  students	  as	  “at-‐risk”	  or	  “advanced.”	  	  Students	  

who	  are	  advanced	  are	  more	  likely	  to	  have	  high	  IQ’s,	  and	  this	  effect	  is	  part	  of	  the	  

effect	  of	  their	  advanced	  status.	  	  This	  can	  be	  inversely	  true	  for	  at	  risk	  students.	  	  The	  

covariate	  that	  is	  removed	  by	  the	  ANCOVA	  analysis	  must	  be	  a	  variable	  independent	  

of	  the	  dependent	  variable.	  	  On	  the	  other	  hand,	  there	  must	  be	  a	  correlation	  between	  

the	  dependent	  variable	  and	  the	  covariate.	  	  It	  is	  nonsensical	  to	  subtract	  out	  the	  effect	  

of	  a	  variable	  that	  is	  not	  even	  having	  an	  effect	  on	  the	  dependent	  variable.	  

ANCOVA	  increases	  the	  power	  of	  a	  test,	  compared	  to	  ANOVA,	  because	  ANCOVA	  

compares	  the	  adjusted	  means	  of	  the	  experimental	  and	  control	  groups.	  	  Consider	  the	  

following	  example:	  	  A	  study	  finds	  that	  cat	  ownership	  is	  strongly	  correlated	  with	  

good	  health.	  	  An	  ANOVA	  test	  in	  another	  study	  compared	  the	  effect	  sizes	  of	  cat	  

ownership,	  dog	  ownership,	  and	  marital	  status	  on	  health.	  	  By	  running	  an	  ANCOVA	  

test,	  the	  relationship	  between	  health	  can	  be	  subtracted	  from	  the	  overall	  effect	  size	  

and	  predict	  the	  effect	  of	  dog	  ownership	  and	  marital	  status	  alone	  on	  health.	  	  By	  

statistically	  adjusting	  the	  mean	  health	  score	  of	  cat	  owners	  and	  non-‐cat	  owners	  to	  

the	  same	  regression	  line,	  the	  real	  effects	  on	  the	  health	  of	  dog	  owners	  and	  

married/non-‐married	  subjects	  can	  be	  found	  from	  that	  baseline.	  	  This	  makes	  the	  test	  



more	  powerful	  because	  it	  reduces	  the	  estimated	  population	  error	  variance	  (MSw).	  	  	  	  

This	  makes	  the	  F	  test	  more	  powerful	  because	  the	  MSw	  in	  the	  denominator	  of	  the	  F	  

statistic	  is	  coordinated	  with	  the	  adjusted	  means,	  rather	  than	  the	  original	  means	  of	  

the	  two	  groups.	  


