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Objectives 

•  Demonstrate the use of an 
appropriate statistical test for 
multivariate hypothesis testing 
including Chi Square test, t-tests, 
and the correlation coefficient. 

•  Understand the role of logistic 
regression, ANOVA, and linear 
regression. 



Hypothesis Testing 

1. Identify parameter of interest 
2. Determine null and alternative 

hypothesis 

3. Define the test statistic*** 
4. State rejection region 
5. Calculate test statistic 
6. Decide if H0 will be rejected 
7. State conclusion in context 



Quiz 



Triage Accuracy 

A researcher is investigating the 
accuracy of triage code assignment 
with two triage systems (CTAS and 
START).  90 patient cases were 
evaluate by each system.  Among the 
CTAS group, 70 were correct.  Among 
the START group, 65 were correct. 



Triage Accuracy 

1. Parameter of interest: 
•  ??? 



Triage Accuracy 

1. Parameter of interest: 
•  PS and PC (proportion correct) 



Triage Accuracy 

1. Parameter of interest: 
•  PS and PC (proportion correct) 

2. Determine null and alternative 
hypothesis 
•  ???? 



Triage Accuracy 

1. Parameter of interest: 
•  PS and PC (proportion correct) 

2. Determine null and alternative 
hypothesis 
•  H0: PS=PC 
•  HA: PS≠PC 

4. State Rejection Region 
•  α=0.05 
•  Reject if p<0.05 



Triage Accuracy 

3. Define the test 
statistic 



Triage Accuracy 

3. Define the test 
statistic 

Multivariate 

   ê 

Discrete Response 

   ê 

Discrete Factors 

     ê 

Chi-Square Test 



Triage Accuracy 
5. Calculate the 
test statistic 



Triage Accuracy 

The overall triage accuracy was 77% 
for the CTAS group and 72% for the 
START group. The null hypothesis of 
no difference between triage 
accuracy was not rejected as there 
was no significant statistical 
difference (p>0.3). 



Admission Prediction 

A researcher wishes to develop a 
prediction model for admission to 
hospital related to 8 variables: 
1.  Age 
2.  Gender 
3.  CTAS Triage Score 
4.  Pulse 
5.  Respiratory Rate 
6.  GCS 
7.  Systolic BP 
8.  Mode of arrival (Ambulance or not) 



Admission Prediction 

1. Parameter of interest 
  



Admission Prediction 

1. Parameter of interest 
•  Y=admission yes/no 
•  xi=‘factors’ 
•  Y=β0+β1x1+β2βx2+β3x3+β4x4….. 

  



Admission Prediction 

1. Parameter of interest 
•  Y=admission yes/no 
•  xi=‘factors’ 
•  Y=β0+β1x1+β2βx2+β3x3+β4x4….. 

2. Null and Alternative Hypotheses 
  



Admission Prediction 

1. Parameter of interest 
•  Y=admission yes/no 
•  xi=‘factors’ 
•  Y=β0+β1x1+β2βx2+β3x3+β4x4….. 

2. Null and Alternative Hypotheses 
•  H0: all βi = 0 
•  HA: At least one βi ≠ 0 

  



Admission Prediction 

3. Choose Test 
Statistic 

 



Admission Prediction 

3. Choose Test 
Statistic 

 

Multivariate 

   ê 

Discrete Response 

   ê 

Continuous Factors 

 



Triage Accuracy 

4. Rejection Region 
•  Use alpha =0.05 
•  Reject if p<0.006    WHY??? 

 



Triage Accuracy 

4. Rejection Region 
•  Use alpha =0.05 

•  Reject if p<0.006 
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Admission Prediction 



Admission Prediction 

6. Decide if null hypothesis 
rejected: 

•  REJECT 



Admission Prediction 

7. State Conclusion in Context 
Need for admission appears to be 
correlated with age and arrival by 
ambulance. 



DM Curriculum Scores 

A researcher is investigating the 
impact of a new disaster medicine 
curriculum.  The researcher has pre 
and post-test scores for 12 
students.  



DM Curriculum Scores 

1. Parameter of Interest 
•  µD where D=X-Y 
•  (Difference between pre and post test 

score for each student) 

2. Determine Null and Alternative 
Hypotheses 
•  H0: µD=0 
•  HA: µD≠0 

4. State Rejection Region 
•  α=0.05 
•  Reject if p<0.05 



DM Curriculum Scores 

3. Define the test 
statistic 



DM Curriculum  

Is this normal? 

Is this Paired? 



DM Curriculum  

3. Define the test 
statistic 

Multivariate 

  ê 

Continuous Response 

  ê 

Discrete Factors 

  ê 

Single factor with 2-levels  

  ê 

Large Sample  

  ê 

Paired 

 



DM Curriculum Scores 

5. Calculate Test 
Statistic 



DM Curriculum Scores 

7. State conclusion in context. 

There was a significant improvement 
in test scores after the curriculum 
(p<0.003).  The mean improvement in 
test score was 5.3 points (95% 
confidence interval: 2.3 to 8.4). 



Survey Satisfaction 

A researcher measured satisfaction 
with a new DM curriculum by means 
of a survey.  The survey was 
administered to third year 
residents prior to the introduction 
of the new curriculum and then to 
the next years third year residents 
after the curriculum. 

The researcher wants to show that the 
overall satisfaction has increased. 



Survey Satisfaction 



Survey Satisfaction 

1. Parameter of interest 
•  ??? 



Survey Satisfaction 

1. Parameter of interest 
•  µpre and µpost 
 



Survey Satisfaction 

1. Parameter of interest 
•  µpre and µpost 
 

2. Null and Alternative Hypotheses 
•  ?????? 



Survey Satisfaction 

1. Parameter of interest 
•  µpre and µpost 
 

2. Null and Alternative Hypotheses 
•  H0: µpre = µpost 
•  HA: µpre ≠ µpost 
 



Survey Satisfaction 

1. Parameter of interest 
•  µpre and µpost 
 

2. Null and Alternative Hypotheses 
•  H0: µpre = µpost 
•  HA: µpre ≠ µpost 
 

3. Test Statistic 
•  ?????? 



Survey Satisfaction 

3. Test Statistic 
Multivariate 

  ê 

Continuous Response 

   ê 

Single factor 2 levels 

  ê 

Small and non-normal 

   ê 

Not Paired 

  ê 

Wilcoxen Rank-sum 

 



Survey Satisfaction 

5. Calculate the test statistic 



Survey Satisfaction 

7. State Conclusion in Context 

•  Median satisfaction score before 
the introduction of the curriculum 
was 4/7.  Median satisfaction after 
the introduction of the curriculum 
was 5/7.  We reject the null 
hypothesis of no difference, and 
conclude that resident satisfaction 
was significantly higher on after 
the introduction of the curriculum. 
(p<0.0001) 



ED Shifts 

A researcher suspects that the 
emergency department shift workload 
is not equal across all shifts. To 
investigate this possibility, 
number of patients seen during each 
shift was tabulated for each of the 
7 daily shifts for 1 week (49 
shifts total). 

 



ED Shifts 

H0: All shifts have same volume 

HA: At least one of the shifts has 
different volume 

 

α=0.05 

 

Test Statistic? 



ED Shifts 

3. Define Test 
statistic 

Multivariate 

  ê 

Continuous Response 

  ê 

Discrete Factors 

  ê 

Multiple Levels 

  ê 

 ANOVA 



ED Shifts 



ED Shifts 

ANOVA does not show 
WHICH levels of the 
factor are 
different.   

Need to use another 
procedure that 
compares each group 
to one another 

 



ED Shifts 

Sometimes graphical 
methods are 
superior 

Shifts #6 and #7 
clearly see more 
patients than the 
others. 



ICED Survey 

A researcher has completed a survey 
for a pilot study of a new command-
and-control system for emergency 
departments.  The researcher 
wonders which component of the tool 
is most important for customer 
satisfaction 



ICED Survey 



ICED Survey 

2. Null and Alternative Hypothesis 

•  H0: Overall satisfaction is 
unrelated to the 5 other components 

•  HA: Overall satisfaction is related 
to at least one of the 5 
components. 



ICED Survey 

3. Define a test 
statistic 



ICED Survey 

3. Define a test 
statistic 

Multivariate 

  ê 

Continuous Response 

  ê 

Continuous Response 

  ê 

Model Response 

  ê 

Linear Regression 



ICED Survey 

5. Calculate Test 
Statistic 



ICED Survey 

6. REJECT 

7. State Conclusion in Context 

 

Overall satisfaction with the ICED 
tool appears to be most correlated 
with satisfaction with the 
introductory text and the color 
coding. 



Pulse and Systolic Pressure 

A researcher believes that taking 
blood pressure at triage during a 
disaster is unnecessary.  She 
wishes to show that pulse is highly 
correlated to blood pressure. 

 

She has the Systolic Pressure and 
Pulse for 2223 emergency department 
visits 



Pulse and Systolic Pressure 

1. Parameter of Interest 
•  Correlation coefficient ρ 
 
 



Pulse and Systolic Pressure 

2. Determine Null and Alternative 
Hypotheses 

H0: ρ=0 (Population Correlation is zero) 

HA: ρ≠0 



Pulse and Systolic Pressure 

3. Define Test 
Statistic 

Multivariate 

  ê 

Continuous Response 

  ê 

Continous Factors 

  ê 

Correlation only 

  ê 

Correlation Coefficient 

 



Pulse and Systolic Pressure 

The sample correlation coefficient: r 
 
 
 

Note:  -1 ≤ r ≤ 1 
    -1 is perfect negative correlation 
     0 is no linear correlation 
     1 is perfect positive correlation 

 



Pulse and Systolic Pressure 



Pulse and Systolic Pressure 

6. Decide if H0 will be rejected: 

 

  Reject ??? 



Pulse and Systolic Pressure 

 

 

 

 

Always Plot !!! 



Pulse and Systolic Pressure 

7. State conclusion in context 

The sample correlation coefficient r was 
0.05 (95% confidence interval: 0.01 to 
0.09), and thus the null hypothesis of 
no linear relationship is rejected. 
(p<0.02). 

However, the magnitude of the linear 
correlation is minimal, and the ability 
to use pulse rate as an alternative to 
systolic blood pressure for triage 
purposes is suspect, and would require 
further study. 



Objectives 

•  Demonstrate the use of an 
appropriate statistical test for 
multivariate hypothesis testing 
including Chi Square test, t-tests, 
and the correlation coefficient. 

•  Understand the role of logistic 
regression, ANOVA, and linear 
regression. 



Quiz Answers: #1 

___1. In a study of 14 students, 
seven were randomized to a disaster 
medicine training session and seven 
received only a reference textbook.  
Scores on a standardized disaster 
medicine exam given 6 months later 
appear below. 

 



Quiz Answers: #2 

__F_1. In a study of 14 students, 
seven were randomized to a disaster 
medicine training session and seven 
received only a reference textbook.  
Scores on a standardized disaster 
medicine exam given 6 months later 
appear below. 

 



Quiz Answer: #2 

___2. A researcher is studying the 
influence of patients gender on 
correct disaster triage.  Of 100 
males, 84 were triaged correctly.  
Of 130 females, only 65 were 
triaged correctly. 

 



Quiz Answer: #2 

_A_2. A researcher is studying the 
influence of patients gender on 
correct disaster triage.  Of 100 
males, 84 were triaged correctly.  
Of 130 females, only 65 were 
triaged correctly. 

 



Quiz Answer: #3 

___3.  To study anxiety among first 
responders, 30 volunteers had their 
heart rates measured 10 minutes 
before and the again 10 minutes 
after a simulated disaster 
scenario. 

 



Quiz Answer: #3 

_C_3.  To study anxiety among first 
responders, 30 volunteers had their 
heart rates measured 10 minutes 
before and the again 10 minutes 
after a simulated disaster 
scenario. 

 



Quiz Answer: #4 

___4.  A researcher is attempting to 
develop a survival model for 
victims of a recent blast injury.  
The researcher wishes to predict 
survival versus no survival based 
on factors such as age, weight, 
gender, and proximity to the blast 
in the 120 victims.  

 



Quiz Answer: #4 

_B_4.  A researcher is attempting to 
develop a survival model for 
victims of a recent blast injury.  
The researcher wishes to predict 
survival versus no survival based 
on factors such as age, weight, 
gender, and proximity to the blast 
in the 120 victims.  

 



Quiz Answer: #5 

___5.  A researcher suspects that 
there is a strong relationship 
between blood carbon monoxide 
levels in victims of a building 
fire and the victims age. Data is 
available for 21 victims. 

 



Quiz Answer: #5 

_H_5.  A researcher suspects that 
there is a strong relationship 
between blood carbon monoxide 
levels in victims of a building 
fire and the victims age. Data is 
available for 21 victims. 

 



Math Lesson 

How to calculate a chi-square test 


