CHAPTER 5 SOLUTIONS

5.1. The relationship has a linear component, although from the look of the scatterplot, the relationship appears to be better described by a simple curve rather than a line.

[image: ]

5.2. There appears to be little or no relationship (linear or non-linear) between average score on the SAT Math and average teacher salary.  In particular, it appears that states that pay their teachers better do not tend to have better scores on the SAT Math, on average.
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5.3. When using the matrix scatterplot, the three scatterplots of interest are those in the first column or those in the first row.  The two sets of scatterplots are mirror images of each other.


[image: ]

a) The strongest linear relationship is with SATM, followed by PERTAK, with STUTEACH having the weakest linear relationship to SATCR.
b) It appears that states with higher average SAT Critical Reading scores tend also to have higher SAT Math scores; states with lower SAT Critical Reading tend also to have lower SAT Math.
c) It appears that states with higher average SAT Critical Reading scores tend to have lower percentages of students taking the SAT; states with lower SAT Critical Reading scores tend to have higher percentages of students taking the SAT. In this instance, a simple curve may slightly fit the data better than a line, although the line does capture that part of the relationship that is linear.
d) There appears to be little or no linear relationship between these two variables.

5.4. 
[image: ]

a) States with lower expenditures per pupil tend also to have lower teacher salaries and states with higher expenditures per pupil tend also to have higher teacher salaries.
b) California is an example of one state that is far from the linear trend.  California spends less per pupil than what one would expect given what it pays teachers.  Vermont is another example, but unlike California, Vermont spends more per pupil than what one would expect given what it pays teachers.  
c) Yes.  The Middle Atlantic states (New York, New Jersey, and Connecticut) cluster together.  Other geographical clusters are, for example, California, Oregon, and Washington, states that all spend less money per pupil than expected given what these states pay their teachers.  These geographic clusters may exist because these states are competing with each other to attract the best teachers.  

5.5. 
[image: ]

a) It appears as an outlier in the lower left of the scatterplot.
b) With all the cases in the data set, r =.17, indicating that adults with relatively high body mass index have relatively high total cholesterol levels as well.
c) The most unusual person in the data set has ID 205.  For this person, the total cholesterol is a lot higher than one would expect given the body mass index.  Looking at the data view, we see that this person is female and was 42 years old at the start of the study.
[image: ]
d) When omitting ID 205 the correlation is slightly larger at r =.18.  This is not unexpected as there are too many data points in this data set for this one outlier to affect the value of the correlation.  Also, as we will see in Chapter 16, because the person is not very unusual in terms of BMI, we do not expect a big change in the correlation when the score is omitted.

5.6. 
a) A linear model appears to be an appropriate way to represent these relationships in all cases, because none of the scatterplots would be better fit by a simple curve.
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b) 

[image: ]
c) Yes, since the correlation between these two variables is r = .72. 
d) No, since the correlation between these two variables is negative, r = -.25, states in which expenditures per pupil are higher tend to have lower Critical Reading SAT scores, on average.
e) Yes, since the correlation between these two variables is negative, r = -.48. 
f) Teacher salary.

5.7. 
a)	It is likely that students who have higher socio-economic status tend to have higher math achievement, and so one should expect a positive correlation between these two variables. Based on SPSS, the actual correlation is moderate and positive, r = .32.  
b)	It is likely that students who tend to have higher math achievement tend to perceive that their teachers are interested in them, and so one should expect a negative correlation between these two variables.  Based on SPSS, the actual correlation is weak and negative, r = -.18.
c) 	There is likely to be no relationship between family size and math achievement, and so one should expect a near zero correlation between these variables. Based on SPSS, the actual correlation is near zero, r = .02.

5.8. 
a) The Pearson correlation between SCHATTRT and SLFCNC08 for the students in the NELS data set is r = -09, indicating that for these data, there is virtually no linear relationship between these two variables.
b) The correlation between SCHATTPP and SLFCNC08 remains at r = -.09 because in converting from a percentage to a proportion, we multiply by the positive constant, .01.  The linear transformation, in this case, does not involve reflection, thus keeping the sign of the correlation unchanged. 
c) Without the most extreme value of expected income at age 30 of $1,000,000, the pattern of points in the scatterplot indicates a slight positive correlation between SES and expected income.  The extreme value at $1,000,000, belonging to someone in the middle range of SES, serves to reduce the systematic positive orientation of points, as indicated by the correlation value, r = .16. 
[image: ]
d) The new value of the correlation is now r = .22, suggesting that the influence of the extreme value of $1,000,000 has been somewhat reduced by the square root transformation.  While weak, the correlation suggests that students with lower SES tend to have lower expected incomes while those with higher SES tend to have higher expected incomes.  
[image: ]
e) The correlation is .91, which is less than one.  The correlation would be equal to one in the case of a linear transformation (without reflection).  A square root transformation is nonlinear and so we expect the correlation between the original and transformed variable to be less than one.  
f) r(n = 97) = .21.
g) r(n = 97) = -.35.
h) The correlation between the reflected variables is stronger than the one between the original variables.  By transforming the variables in this case, they have each become more symmetric.
i) The signs are different because the self-esteem variable was reflected.
j) The interpretation remains the same because the self-esteem variable was reflected in the process of its being transformed.

5.9. 
a) According to the scatterplot, the socioeconomic status of students whose families owned a computer when they were in eighth grade appears to be higher overall than that of those who did not.  That is, the mean SES for those families who owned a computer is higher than the mean of SES for those families who did not own a computer.
[image: ]
b) As shown by the scatterplot, the correlation between COMPUTER and SES is positive and moderate (r = .35), indicating that students whose families owned a computer when they were in eighth grade tend to have higher SES than those whose families did not own a computer when they were in eighth grade.

5.10. 
[image: ]
a) There is a small to moderate positive correlation between reading comprehension and intellectual ability, r = .286, suggesting  that students with higher reading comprehension scores also tend to have higher intellectual ability and that students with lower reading comprehension scores also tend to have lower intellectual ability.
b) Because the correlation between these two variables  is negative (r = -.444), and because resource room students are coded 0 and self-contained classroom students are coded 1, resource room students, on average, have the higher level of reading comprehension. 
c) Because the correlation is so small, r = -.07, there is virtually no relationship between type of placement and grade level.  That is, the typical grade level is about the same for the two placement types.  
d) Because the correlation between grade level and reading comprehension is negative, r = -.322, the students in the higher grades  tend to perform worse in reading comprehension relative to their peers than those in the lower grades. That is, as these learning disabled students advance in grades, they appear to fall farther behind relative to their peers. 

5.11. 
a) r = .18.  This relationship is positive, yet weak, suggesting preliminarily that adults taking blood pressure medication have slightly higher blood pressure, on average, than those who do not.  The mean (81.00) and median (80.75) initial diastolic blood pressure of those not taking antihypertensive medication is in the normal range.  The mean (91.54) and median (92.50) initial diastolic blood pressure of those taking antihypertensive medication is slightly above the normal range.  
b) The point-biserial correlation.
c) People with higher blood pressure often take such medication to lower their blood pressure.  The positive relationship, however weak, suggests either that the medication is not wholly effective in lowering blood pressure to acceptable levels or that it has not yet been taken for long enough to be effective.  
d) The correlation between SEX and ANYCHD4 is r = -.18.  Because females are coded as higher on SEX and developing CHD is coded higher on ANYCHD4, females are somewhat less likely than males to develop CHD.  A similar conclusion is reached using a crosstabulation approach as noted below.
[image: ]
Males are more likely to develop CHD (66/200x100 = 33 percent) than females (35/200x100 = 17.5 percent).
e) The phi-coefficient.
f) Because the scatterplot indicates that the relationship is non-linear.  A simple curve would represent the relationship better than a line. 
[image: ]

5.12. What evidence is there in these data to suggest that HDL is “good” cholesterol and LDL is “bad” cholesterol?  [HINT: Compute the correlation between HDL3 and ANYCHD4 and between LDL3 and ANYCHD4.] 

[image: ]

According to the correlations, those with high LDL cholesterol tend to be those who developed CHD during the course of the study (r = .30), while those with high HDL tend to be those who did not develop CHD during the course of the study (r = -.25).

5.13.  
a) The Pearson correlation between SES and COMPUTER for the students in the NELS data set is r = 35, suggesting that students who owned computers in eighth grade have higher SES, on average, than those who do not.
b) COMP1 = COMPUTER + 1.
The transformation does not include a reflection of the variable COMPUTER because a relatively low code score on COMP1 still represents “No”.
c) r = 1.
d) COMP2 = (-1)*COMPUTER + 1.
The transformation includes a reflection of the variable COMPUTER since we are multiplying COMPUTER by -1.  As a result, a relatively low code score on COMP2 now represents “Yes” when it originally represented “No”.
e) r = -1.
f) The correlation between SES and COMP1 is the same as the correlation between SES and COMPUTER because the [linear] transformation of COMPUTER did not involve reflection: r = .35. The correlation between SES and COMP2 is the negative of the correlation between SES and COMPUTER because the [linear] transformation of COMPUTER involved reflection: r = -.35.

5.14. 
a) The Pearson correlation between SES and SLFCNC12 for the students in the NELS is r = .11. The interpretation is that students with a higher socioeconomic status tend to have a higher self-concept while students with a lower socioeconomic status tend to have a lower self-concept. However, the relationship is weak.
b) The Pearson correlation between SESDI and SLFCNC12DI is r = .001, indicating a near zero linear relationship between the two variables.
c) In this case, there was a reduction in the magnitude of the correlation based on the original continuous variables.  The loss of information when transforming the multi-valued continuous variables into two dichotomous variables, each split at its median, resulted in a near zero correlation.  As noted in Chapter 4, other types of non-linear transformations that retain the multi-valued nature of the continuous variable are to be preferred to the median split.

5.15. 
[image: ]
a) According to the value of Spearman’s rho (-.20), there is a weak negative relationship between cigarette smoking and participation in extracurricular activities in twelfth grade.  In particular, students who had ever tried smoking were less likely to participate in extracurricular activities in twelfth grade.
b) According to the value of Spearman’s rho (-.08), there is virtually no relationship between missing school and participation in extracurricular activities in twelfth grade.  
c) According to the value of Spearman’s rho (.12), there is a weak positive relationship between socioeconomic status and participation in extracurricular activities in twelfth grade.

5.16. 
[image: ]
a) Urban:  61/120 = .51; Suburban: 100/212 = .47; Rural: 65/159 = .41.
b) 226/491 = .47
c) Urban with .51 advanced math takers. 
d) There appears to be some relationship.  If there were no relationship, each of the three environments would have the same proportion of students who took advanced math in eighth grade as the overall proportion (.47).  Because the proportions given in part c) are not all equal to .47, there appears to be a relationship.  Namely, students from urban environments appear to be most likely to have taken advanced math in eighth grade, followed by those from suburban environments, and then finally those from rural environments.

5.17. 
a) According to the contingency table, there is no relationship whatsoever between these two variables. .  The proportions of men and women who smoked at time 1 respectively equal the proportion of all individuals who smoked at time 1.  Each proportion equals one-half.  The sample for the data set was selected to have this property.
[image: ]
b) According to the contingency table, at time 3, after being enrolled in the study for 12 years, females were more slightly more likely to smoke (40.3 percent) than males (32.2 percent).  Overall, 36.4 percent were smokers at time 3.  The patterns of difference from 36.4 percent is slight.
[image: ]
c) The correlation between the two variables is r = 0, as expected.  
d) The correlation between the two variables is quite small (r = .08), as expected.

5.18. 
a) Of all men in the study that were initially measured on BMI, 52.76 percent were overweight and 13.07 percent were obese, totaling to approximately 66 percent who were either overweight or obese.  Of all women in the study that were initially measured on BMI, 32.83 percent were overweight and 11.11 percent were obese, totaling to approximately 44 percent who were either overweight or obese.  
[image: ]
b) Yes, suggesting a relationship between weight category and sex.    In particular, while there are basically an equal number of men and women who have BMI values recorded at time 1, the ratio of men to women in the normal weight category is approximately 1 to 1.5, and it is the reverse for the overweight category. There are too few underweight individuals to analyze this category, and there are about equal numbers of obese individuals by gender.  
c) For men, approximately twice the number did not experience a CHD event compared to those who did.  On the other hand, for women, approximately five times the number did not experience a CHD event compared to those who did.  Said differently, the likelihood of having experienced a CHD event for this sample is far greater for men than for women.   
[image: ]
d) By contrast to the ratios of 2:1 for men and 5:1 for women (no CHD: CHD), when we restrict to only those who are obese at time 1, the ratios remain at 2:1 for men, but they decrease to 2:1 for women.  It appears that being obese as a women, greatly increases her chances of experiencing a CHD event, but not so for men.  
[image: ]
e) The Syntax file generated for these analyses is reproduced below.
GET
  FILE= ’…\Framingham.sav'.
DATASET NAME DataSet2 WINDOW=FRONT.

DATASET ACTIVATE DataSet2.
RECODE BMI1 (Lowest thru 18.5=1) (18.5 thru 24.9=2) (25 thru 29.9=3) (30 thru Highest=4) INTO 
    BMICAT.
EXECUTE.

CROSSTABS
  /TABLES=SEX BY BMICAT
  /FORMAT=AVALUE TABLES
  /CELLS=COUNT
  /COUNT ROUND CELL.

CROSSTABS
  /TABLES=SEX BY ANYCHD4
  /FORMAT=AVALUE TABLES
  /CELLS=COUNT
  /COUNT ROUND CELL.

USE ALL.
COMPUTE filter_$=(BMICAT = 4).
VARIABLE LABELS filter_$ 'BMICAT = 4 (FILTER)'.
VALUE LABELS filter_$ 0 'Not Selected' 1 'Selected'.
FORMATS filter_$ (f1.0).
FILTER BY filter_$.
EXECUTE.

CROSSTABS
  /TABLES=SEX BY ANYCHD4
  /FORMAT=AVALUE TABLES
  /CELLS=COUNT
  /COUNT ROUND CELL.

5.19. There can be more than one correct analysis, although only one is given.
a) The correlation between years of math taken in high school and math achievement in twelfth grade is .42, which suggests that in general, students who take more math tend to score higher on math achievement.
b) According to Spearman’s rho (rho = .43) students who came to school late also had a tendency to cut or skip classes. 
c) Using the crosstabs procedure, we find that 52 percent of public school students did not to take AP classes, while only 38 percent of private religious school students did not take AP classes and only 30 percent of private non-religious school students did not take AP classes. Thus, public school students appear to be less likely to take AP classes than private school students.
d) The correlation between these two variables is r = .02, suggesting that there is virtually no linear relationship between family size and twelfth grade self-concept.
e) The correlation between these two variables is r = .32, suggesting that among the students in the NELS, data set, a higher socioeconomic status is associated with a higher science achievement.
f) According to a contingency table analysis using crosstabs, region appears to make a difference as to whether a student took advanced math in eighth grade.  While 61 percent of students from the West took advanced math in eighth grade, 48 percent from the South did, 41 percent from the Northeast did, and 38 percent from the North Central region did. 
g) According to Spearman’s Correlation, rho = -.006, there is virtually no relationship between the number of classes  a student cut in twelfth grade and whether or not that student took advanced math in eighth grade.
h) According to a contingency table analysis using crosstabs, there appears to be no relationship between URBAN and CIGARETTE among students in the NELS. Specifically, students overwhelmingly report that they have not smoked cigarettes, regardless of how urban the area is from which they come.  In particular, 85 percent of urban students report not having smoked, 86 percent of suburban students report not having smoked, and 87 percent of the rural students report not having smoked.   The uniformity of response across types of area suggests little relationship between these two variables.
i) According to the phi-coefficient, r = .27, students that were enrolled in advanced math in eighth grade (ADVMATH8 = 1) tended also to take AP classes (APPROG = 1) in high school.
j) According to the Spearman Correlation Coefficient, rho = .09, there is little or no relationship between the two variables.
k) According to the scatterplot, and as corroborated by a Pearson Product Moment Correlation Coefficient of r = .11, there is a weak positive linear relationship between these two variables.  In particular, students with higher self-concept tend to have higher socioeconomic status, while those with lower self-concept tend to have lower socioeconomic status.
l) According to the Point-Biserial Correlation Coefficient, r = .38, suggests that students who attended nursery school (NURSERY = 1) tend to have higher socioeconomic status than those who did not (NURSERY = 0).
m) Because none of the three distributions of SES by urbanicity is severely skewed, this analysis is based on a comparison of means.  On average, urban students have e highest SES (M = 20.33), followed by suburban students (M =19.23), and then rural students (M =15.94).  Because the distributions are not skewed, a comparison of medians yields the same ordering.  

5.20. 
[image: ]

a) Because the scatterplot can be described to have a linear pattern, it was appropriate to compute the correlation between the two variables.
[image: ]
b) The correlation between these two variables is r = -.45, a moderate to strong negative correlation, indicating that conservative senators tended to come from states with little voter support for Clinton.
c) Conservative senators were much more likely to vote guilty on perjury. The value of r (r = .866) is positive and very strong, indicating that high scores on CONSERVA are associated with a high score on VOTE1, which represents a guilty vote.
d) Senators from states that supported Clinton in 1996 were more likely to vote not guilty on perjury. The value of r (r = -.429) is negative and moderate to strong, indicating that high scores on SUPPORTC are associated with a low score on VOTE1, which represents a not guilty vote.
e) First-term senators were slightly more likely to vote guilty on perjury. The value of r (r = .203) is positive, yet weak, indicating that a high score on NEWBIE (the senator is first-term) has a slight tendency to be associated with a high score on VOTE1 (guilty on perjury).
f) CONSERV. Its correlation with VOTE1 is the strongest of the three.
g) Because REGION is nominal with more than two categories, it has no inherent ordering, a requirement when computing a correlation.   In this case, a more appropriate analysis would be based on a contingency table.  

5.21. 
[image: ] [image: ]
a) Those who voted not guilty on obstruction of justice tended to be less conservative and those who voted guilty on obstruction of justice tended to be more conservative, on average, r = .94 .
b) The vote was along party lines. Democrats tend to be less conservative and tended to support the democratic president by voting not guilty.
c) The correlation between conservatism and the vote on obstruction of justice is the stronger of the two. Every senator with a conservatism score below 50 voted not guilty on obstruction of justice while every senator with a conservatism score above 50 voted guilty.   This clear pattern of separation between voting groups is not evident in the vote on perjury. 

5.22. 
[image: ]
a) 55.
b) 55 percent.
c) 29 percent.
d) 50 percent.
e) Yes. Senators from the Northeast had a great tendency to vote not guilty (83.33 percent voted not guilty) while those from the other regions were much more evenly split on guilty/not guilty.  In the Midwest, South, and West, 50, 50 and 53.85 percent of the senators, respectively voted not guilty.
f) Clustered bar graph.

[image: ]
g) A contingency table is appropriate for variables with a small number of values. While REGION is fine with only four categories, CONSERVA is not. A contingency table that included the variable CONSERVA would probably stretch over more than a page.

5.23. 
[image: ]
a) Yes.  Not guilty votes tend to come from senior senators while guilty votes are more evenly split between first-term and senior senators.
b) Positive.  Low scores on VOTE1 (0 = not guilty) correspond to low scores on NEWBIE (1 = senior senator).

5.24. 
[image: ] [image: ]
a) There is a relationship. First-term senators tended to vote guilty while more experienced, non-first-term senators, tended to vote not guilty.
b) Positive. First-term senators scored 1 (relatively high) on NEWBIE and tended to score 1 (relatively high) on VOTE2. More experienced senators scored 0 (relatively low) on NEWBIE and tended to score 0 (relatively low) on VOTE2.
c) It is stronger for senators up for re-election in 2000. Among senators up for re-election in 2002, there is little or no relationship between whether or not the senator was first term and his or her vote on obstruction of justice because both first-term and experienced senators tended to vote guilty.

5.25. 
[image: ]

[image: ]
a) According to the cloud-like circular shape of the points on the scatterplot for the senators who voted guilty (given by the circles on the scatterplot), there appears to be little or no relationship between state voter support for Clinton and conservatism among those senators who voted guilty.  This graphical impression is corroborated by the value of the correlation.  In this case, r = .02, indicating little or no relationship between the two variables.
b) Because the points on the scatterplot for senators who voted not guilty (given by the starts on the scatterplot) may be described by a line with negative slope, it appears that senators from states with high voter support for Clinton who voted not guilty tended to be less conservative.  This graphical impression is corroborated by the value of the correlation.  In this case, r = -.26, indicating that that senators from states with high voter support for Clinton who voted not guilty tended to be less conservative.  

5.26. The relationship between manual dexterity and age is nonlinear.

5.27. The statement is false because the magnitude of the correlation measures the strength of a relationship on an ordinal, not ratio scale. A correct statement is “A Pearson Correlation Coefficient value of r = 0.8 represents a stronger linear relationship than a Pearson Correlation Coefficient value of r = 0.4.”

5.28. 
a) Not necessarily.  While the two variables are related, they may not be causally related, so changing one may not cause the other variable to change.  It may be that the relationship between tv-watching/video-game-playing and sleep could be due to a third variable, e.g., parents who allow their children to watch tv, etc. a lot may not want to spend time with their children, creating sleep-reducing anxiety in their children. 
b) One possible answer:
[image: ]
c) It is not fair to conclude this.  The article excerpt reports percentages, not raw numbers.  So if the number of children allowed to watch TV after 7 p.m. is small, the number of those children with sleep problems could still be smaller than the number of children who don’t watch TV after 7 p.m. and have sleep problems.  

5.29. 
a) Positive
b) [bookmark: _GoBack]No.  Correlation does not imply causation.  A confounding factor might be the severity of the injury.  People with more serious injuries are the ones who need the painkillers and with or without them might be out of work longer.

5.30. The value of r ranges between -1 and 1 inclusive. The value r = 1.05 is impossible.

5.31. Region is a nominal-leveled variable with more than two categories. Correlation is not meaningful when at least one of the variables is nominal with more than two categories, as is the case for Region.

5.32. The statement is false because reflection, a type of linear transformation, of one of the variables (for example, multiplying the variable X by -1) will change the correlation to r = -.50.

5.33. The correlation does not provide information about the level of the two variables – how they compare, only about the relationship between them – how they are associated.

5.34. Nonlinear relationships are not measured well by the Pearson Product Moment correlation coefficient since this correlation coefficient is designed to measure linear relationships only.   An example of such a scatterplot is the following:

[image: ]
5.35. 
Group 1 = c
Group 2 = d
Group 3 = e
Group 4 = f

image6.emf
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