


Assignment 7: Queries and analysis using R (Optional, Extra Credit)

In this optional, extra credit assignment you will run some simple queries and analysis using R, a powerful and flexible statistical analysis package. For the sake of familiarity, we will repeat some of the same analysis that we did in Assignment 6. Have your Assignment 6 answers on hand for comparison.  This assignment includes 2 quiz questions.  The quiz is worth 5 extra credit points (25% of a regular assignment, extra credit).

Using R on the RAE: You can run R on your own computer or on the RAE. Most (not all) of this assignment can be run on the RAE version. If you’re using R on the RAE, you’ll want to open these instructions on the RAE (using the shared class RAE folder, or RAE’s Chrome to the class CLE), so that you can copy and paste commands from here to R.
 
A. Reading Files into R
1. If you’re using R on your local computer, ensure you have R installed and have access to RStudio. If not, you can download these for free at the following locations:
· R: https://cran.r-project.org/
· RStudio: https://www.rstudio.com/products/rstudio/download/#download

2. Or, if you are using the RAE, choose RStudio4 – Cluster.

3. Open RStudio.

4. As in Assignment 6, you are going to perform analyses on IQ and Neuro Exam outcomes for a predictor of hyperbilirubinemia. To do this, you need three datasets: IJSSubject.txt, NeuroExam.txt and WPPSI.txt. If you’re using R on your local computer, download these from the CLE (and remember where you saved them). If you’re using R on the RAE, you can find these files in the shared class folder under the “Assignment 7” subfolder.

5. In the “Environment” tab of the top right pane of R Studio, select “Import Dataset” and choose the option “From Text (base).” Find and select the IJSSubject file.

6. Ensure that the Name field is set to “IJSSubject.” Set the Heading field to “Yes,” and unselect Strings as factors. The data frame should look good (as in the image below), so click “Import.”



7. The data you imported will appear in a new tab in the upper left pane.

8. Repeat steps 3 and 4 for the WPPSI and NeuroExam files. You should see each of these data tables open in the top left window of RStudio.

B. Running SQL Queries in R
1. Open a new R Script by selecting File | New File | R Script. 

2. R needs an extra software package (called “sqldf”) to run SQL queries. If you are using the RAE, or if you have already installed sqldf on your local computer in the past, that package is already installed. Otherwise (or if you aren’t sure), install it by entering the following to the new script:
	
install.packages("sqldf")
library(sqldf)

Highlight both lines of code and click “Run” in top left panel of RStudio. This will install and load the “sqldf” package.


3. Now, you can use the “sqldf” package to run queries on the data frames you imported. This can be accomplished by wrapping the query you’d like to run in quotation marks and passing it the sqldf() function.

Note: The queries available in SQLDF are specific to the package itself. Not all queries generated in MS Access will run in SQLDF.

4. In Assignment 6, Part B, you wrote a query to summarize basic IQ results (count, mean, standard deviation, minimum, maximum) by hyperbilirubinemia status, Run the following to replicate your IQ summary query from earlier:

sqldf(
  "SELECT Hyperbili, Count(IQFullEntered) AS Count,
  Avg(IQFullEntered) AS Avg, StDev(IQFullEntered) AS StDev,
  Min(IQFullEntered) AS Min, Max(IQFullEntered) AS Max
  FROM IJSSubject INNER JOIN WPPSI ON IJSSubject.SubjectID = WPPSI.SubjectID
  GROUP BY Hyperbili"
)

Note that this is the same SQL that you used to create this table in MS Access. Also, note that you’re running a query on two joined tables at once. (What are the two tables?) R understands SQL (with the help of the sqldf package). Stata can pass SQL to other software, but it cannot query multiple tables within Stata.  (Stata is a single-table application.)

5. You should see the output from this code appear in the console in the bottom left of RStudio.  Use this output to answer the first question on Quiz 7.





C. Running T-Tests in R
1. Your next task is to run a t-test on the IQ results. In Assignment 6, you extracted data from Access to a csv file, then analyzed the csv file in Stata. Here it can be done a bit more simply.
 
R can store the values (including the full results of a query) in a “vector.” You can think of a variable as a flexible space in which to store all kinds of data. In R, almost everything is a vector You can store the result of any of your queries as a vector in R by using a leftward arrow. Try running the following code to assign the result of your query from Assignment 6 Part C to a vector qryLab6Table3.  (Of course you could name the vector almost anything you like.) The query here has the same SQL as the query you created to extract data in part 6C. of Assignment 6.

qryLab7Table3 <- sqldf(
  "SELECT IJSSubject.SubjectID, Hyperbili, IQFullEntered
  FROM IJSSubject INNER JOIN WPPSI ON IJSSubject.SubjectID = WPPSI.SubjectID;"
)

2. If you wanted to see all the data stored in the new variable qryLab7Table3 (243 rows), you could just run “qryLab7Tables3” now as if it were a command.  Or you can just print the first few lines of the data table it contains by using the head() function. Run the following line of code, and confirm that these entries match up with the output of the query you generated in Part  C of Assignment 6

head(qryLab7Table3)

3. Now, you can use R’s built-in functions to perform statistical analysis. The following line of code will run a t-test to compare IQs at age 5 (IQFullEntered) between those with and without exposure (the Hyperbili variable of qryLab7Table3).

t.test(IQFullEntered ~ Hyperbili, data = qryLab7Table3)

4. You should see the following output:



5.  Here is Table 3 from Newman et al.  Can you find your result?


Advanced question:  Does your p-value agree with theirs?  If not, why not?

Hint: Table 3 has this footnote

D. Running Chi-Squared Tests in R
1. Run the following code to store your query from Part F of Assignment 6 into a new variable qryLab7Table4.

qryLab7Table4 <- sqldf(
  "SELECT IJSSubject.SubjectID, Hyperbili,
  Overall5, Overall, ([Overall5]<>1) AS NotNormal
  FROM IJSSubject INNER JOIN NeuroExam ON IJSSubject.SubjectID = NeuroExam.SubjectID;"
)

2. Display the head of qryLab7Table4 and confirm that it matches up with the output of the query you generated in Part F.
3. Now let’s look at the frequencies, which we did not attempt to do in the Access/Stata lab.  The first line below creates the table of frequencies, and the second displays it.

rawtable <- table(qryLab7Table4$Overall5, qryLab7Table4$Hyperbili, 
                  dnn = c("Neuro Exam", "Hyperbili"))
rawtable

This syntax will become familiar to you if you continue to work with R. The “table” command in R creates a table, similar to the “tabulate” command in Stata. The “dnn” argument creates the row title and the column title.  (“dnn” stands for “dimnames names”, and “dimnames” means “dimension names.”) When you type “c("Neuro Exam", "Hyperbili"))”, you are creating a 2-element vector consisting of character strings to use as the row title and the column title for your table.  The “c” stands for “concatenate”. 

4. We see the counts.  Now let’s see the proportions. 

proportiontable <- prop.table(rawtable, 2)
proportiontable


The “2” means to calculate column proportions.  A “1” would indicate row proportions.

5. Convert to percentages and round.

round(proportiontable*100,1)

6. You should see the following output:



7. Here is the table from Newman et al.  Did they get it right?





8. Run the following code to perform a Chi-Squared test of independence between the Overall5 and Hyperbili columns of qryLab7Table4, as in Section G of Assignment 6.   This will allow you to determine whether the distribution of exam results differs between exposed and unexposed groups.

chisq.test(qryLab7Table4$Overall5, qryLab7Table4$Hyperbili)

9. You should see the following output. 

 
The warning is because of the low frequencies in cells some of the cells.  You will be taught not to use Chi-Square when the expected frequency in a cell is < 5.

We blocked out the p-value because it’s the answer to Quiz 7 Question #2

E. Calculating Risk Ratios in R
1. You can also use R to confidence interval for the risk ratio of “NotNormal” between exposed and unexposed groups. To do this, you will need to install and load the package “epitools.”

NOTE: Currently, the package “epitools” isn’t available in the RAE’s version of R. If you want to do this part of the assignment, you’ll need to run R from your own computer or another computer that will allow you to install packages.

install.packages("epitools")
library(epitools)

2. Next, run the following function to analyze risk ratios using the Hyperbili column of qryLab7Table4 as the predictor variable and the NotNormal column of qryLab7Table4 as the outcome variable.

riskratio(qryLab7Table4$Hyperbili, qryLab7Table4$NotNormal)

3. You should see the following output, which displays confidence intervals for each group when compared against the unexposed group. For this reason, the value for Hyperbili = 0 is exactly 1, since it is the unexposed group. The value for Hyperbili = 1 provides the ratio we are looking for, with p-values corresponding to three different kinds of tests for statistical significance. 
 
4. The counts will agree with Newman et al, but the confidence interval and p-value will not agree.  However, the confidence interval and p-value for the RR will agree with what you calculated using Stata in Assignment 6.
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welch Two Sample t-test

data: count by Hyperbili
t = -0.96643, df = 173.88, p-value = 0.3352
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
-5.840370 2.000864
sample estimates:
mean in group O mean in group 1
103.9568 105.8765
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Table 3. Results of Testing with the Wechsler Preschool and Primary Scale of Intelligence—Revised (WPPSI-R) Test
and the Beery—Buktenica Developmental Test of Visual-Motor Integration, 4th edition (VMI-4).

Test
WPPSI-RY
Verbal IQ
No. of subjects
Mean score
Performance IQ
No. of subjects
Mean score
Full-scale 1Q
No. of subjects

Mean score

Control Group

162

101.1

165
106.0

162
104.0

Hyperbilirubinemia

Group

81

103.5

81
107.0

81
105.9

Adjusted Difference

(95% Cl)* P Value

0.18

25 (-1.1t0 6.1)
0.29

0.5 (-2.9t0 4.0)
0.42

1.4 (-2.1t05.0)
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* Adjusted differences were calculated with the use of multiple linear regression analysis. The models varied, but most mod-
els included paternal race or ethnic group and level of education. The covariates included in each model are given in
the Supplementary Appendix, available with the full text of this article at www.nejm.org. Cl denotes confidence interval.

7 Scores on the WPPSI-R test are distributed with a mean of 100 and an SD of 15. Scores in this study ranged from
46 to 149.
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Table 4. Outcomes According to Neurologic Examination, Motor-Performance Checklist, Parent Evaluation
of Developmental Status (PEDS) Questionnaire, and Child Behavior Checklist (CBCL).*

Hyperbilirubinemia  Adjusted Odds Ratio
Outcome Control Group Group (95% CI) P Value

no. /total no. (%)

Neurologic examination

Normal 120/168 (71) 67/81 (83)
Normal or questionable 36/168 (21) 11/81 (14)
Abnormal with minimal disability 10/168 (6) 3/81 (4)
Abnormal with moderate disability 2/168 (1) 0
Abnormal with severe disability 0 0

Normal or questionable, or worse 48/168 (29) 14/81 (17) 0.47 (0.23-0.98) 0.04
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Pearson's Chi-squared test

data: qryLab7Table4$0verall5 and qrylLab7Table4$Hyperbili
X-squared = 4.2041, df = 3, p-value = 0.2402

Warning message:
In chisq.test(gryLab7Table4$0verallS, qryLab7Table4$Hyperbili) :
Chi-squared approximation may be incorrect
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> riskratio(qryLab7Table4$Hyperbili, qryLab7Table4$NotNormal)
$data
Outcome
Predictor @ 1 Total
0 120 48 168
1 67 14 81
Total 187 62 249

$measure
risk ratio with 95% C.I.

Predictor estimate lower upper

0 1.0000000 NA NA

1 0.6049383 0.3549897 1.030876
$p.value

two-sided
Predictor midp.exact fisher.exact chi.square

(/] NA NA NA

1 0.05279337 0.0610698 0.05365102

$correction
[1] FALSE
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Import Dataset

Name Input File

1JSSubject "SubjectID","FName","LName","DOB","TOB", "Sex", "Needs Inter
2101, "Rubeus", "Hagrid",1/30/2010 00 0,12/30/1899 18:5¢
i Bart",1/28/2010 00:00:00,12/30/1899 19:00:00,
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Row names | Automatic v 0 Hara™,2/8/2010 00:00:00,12/30/1899 19:15
k", "wentworth",2/18/2010 00:00:00,12/30/189¢
Separator | Comma v Wonka" ,2/20/2010' 00:
period v wford",1/7/2010 00 0,
Decimal erio %1/2772010 00:00:00,12/30/1899 19:
Quote Double quote (') v bin",2/24/2010 00:00:00,12/30/1899 19:35:(
v

Comment | None

nastrings | NA

(0 strings as factors

Data Frame

SubjectID FName LName DOB

2101 Rubeus Hagrid 1/30/2010 00:00:
2322 Lily Bart 1/28/2010 00:00:
2390 Arthur Holmwood 2/4/2010 00:00:0
2497 Leopold Bloom 2/25/2010 00:00:
2569 Quentin Compson III 2/19/2010 00:00:
2819 Petya Rostov 1/22/2010 00:00:
3019 suellen 0'Hara 2/8/2010 00:00:0
3031 Frederick Wwentworth 2/18/2010 00:00:
3374 willy Wonka 2/20/2010 00:00:
3625 Henry Ccrawford 1/7/2010 00:00:0
3901 Ignatius Reilly 1/27/2010 00:00:
4184 Fanny Robin 2/24/2010 00 00
4430 Edward Ferrars 0: 0
4670 Betsey Trotwood

5310 Humbert Humbert,

Import Cancel




