
1 

Dec. 10 Statistics-related quotation for the day: 
“Math is the only subject in the curriculum 

where adults are proud to say they are lousy.” 
--Alfred S. Posamentier, former dean of School of Education, CUNY 

(though the original link for this quotation appears to have been 
removed) 

Assignment:  Read Chapter 25 
Do exercises 1, 6, 8, 9, and 10 on pages 479-480  

"Bonferroni correction” for multiple tests 

Very simplistic way to (over-)correct for multiple testing 
problem:  Take your preferred p-value cutoff, like 0.05, and 
divide it by the number of tests performed. 

The Bonferroni correction means that we don't declare any 
results statistically significant unless their p-values are 
smaller than this new, smaller number. 

With 240 STAT 100 students in FA05, apply a Bonferroni 
correction to the previous situation. 

"Bonferroni correction"? 

men and there were only two symptoms that men experi-
enced more often than women: vomiting (men: 50%; wom-
en: 44%; !2 ! 4.7, df ! 1, N ! 1215, p ! 0.031) and
sweating more than usual (men: 34%; women: 23%; !2 !
18.9, df ! 1, N ! 1214, p " 0.001). After applying a
Bonferroni correction, only the latter difference remained
statistically significant; after controlling for the frequency
of drinking and getting drunk and the typical quantity of
alcohol consumed when drinking in the past year, neither
sex difference remained.

Men reported drinking more frequently (!2 ! 53.7, df !
3, N ! 1211, p " 0.001), getting drunk more frequently
(!2 ! 42.9, df ! 4, N ! 1209, p " 0.001), and typically
consuming much more alcohol per drinking occasion (!2 !
228.5, df ! 4, N ! 1214, p " 0.001) in the past year than did
women (see Table 2). Controlling for the frequency of
drinking and getting drunk and for the typical quantity of
alcohol consumed when drinking uncovered a number of
differences between men and women not evident in the
previous set of analyses. After controlling for the frequency
of drinking and getting drunk and for the typical quantity of
alcohol consumed when drinking, women were significantly
more likely than men to experience at least one of the
hangover symptoms (!2 ! 5.0, df ! 1, N ! 1216, p !
0.026), and were also significantly more likely to experience
9 of the 13 individual hangover symptoms (thirsty/dehy-
drated, more tired than usual, headache, nauseous, weak,
difficulty concentrating, more sensitive to light and sound,
anxious, and trembling or shaking). Of these, 5 differences
remained significant even after applying a Bonferroni cor-
rection (thirsty/dehydrated, more tired than usual, head-
ache, nauseous, weak).

Development of the Hangover Symptoms Scale

A principal components analysis of the 13 hangover
symptom items was conducted. There were two principal
components with eigenvalues greater than one (eigenvalues
of 5.1 and 1.2) that accounted for 39% and 9% of the
variance in the symptoms, respectively. A one-factor model
was judged to be preferable to a two-factor model of hang-
over symptoms because: a) the items were all significantly
intercorrelated (rs ! 0.18–0.56, all ps " 0.001); b) the
factor loadings were uniformly high in the one-factor model
(i.e., the mean factor loading was 0.62 and all of the load-
ings were greater than 0.42; see Table 4); c) the compo-
nents in the two-factor model were strongly correlated with
each other (r ! 0.61); d) the second component did not
account for a large portion of variance; and, e) the five
items that had modest loadings on the first component and
substantial loadings on the second component were also
the five items with the lowest prevalences (sweating, trou-
ble sleeping, anxious, depressed, and trembling or shaking;
see Table 1) suggesting that these two components were
not identifying meaningful clusters of hangover symptoms
but were instead reflecting psychometric properties of the

items. Experts have convincingly demonstrated in Monte
Carlo studies that the popular rule-of-thumb of retaining
the number of factors corresponding to the number of
eigenvalues greater than one is not an effective strategy for
identifying the correct number of factors, and that it often
leads to retaining too many factors (Cliff, 1988; Fabrigar et
al., 1999), therefore we did not rely on the eigenvalues-
greater-than-one rule in selecting the proper model. The
factor loadings from the one-factor model are shown in
Table 4. The results of the principal components analyses
justified combining the 13 hangover symptoms into a single
scale.

Table 4 also presents the results of conducting principal
components analyses separately for the men and the
women in the sample. The results of the analyses stratified
by sex led to the same conclusion as the analysis of the full
sample, and the results for men and women were very
similar (the factor loadings presented in Table 4 for men
and women correlated 0.76).

We examined two different approaches to combining the
hangover symptom items. In the first approach (which we
will call the “dichotomous” approach), each 5-level item
was dichotomized according to whether the symptom never
occurred or ever occurred, and these 13 dichotomous items
were summed to form a scale with a possible range of 0–13.
This approach to combining items yields a scale that em-
phasizes the diversity of hangover symptoms occurring
within the past year; the internal consistency reliability
(coefficient alpha) for the scale formed using this approach
was 0.84 and the item-scale correlations ranged from 0.32–
0.62. In the second approach (which we will call the “poly-
tomous” approach), the original 5-level items were
summed to form a scale with a possible range of 0–52. This
approach to combining items emphasizes the pervasiveness
as well as the diversity of hangover symptoms occurring
within the past year; the internal consistency reliability
(coefficient alpha) for the scale formed using this approach
was 0.86 and the item-scale correlations ranged from 0.35–
0.68. All of the items appeared to be adequate indicators of

Table 4. Factor Loadings From Principal Components Analyses of Past-Year
Hangover Symptoms

Symptom

All
participants
(n ! 1205)

Men
(n ! 454)

Women
(n ! 725)

Felt extremely thirsty or dehydrated 0.62 0.64 0.61
Felt more tired than usual 0.73 0.68 0.75
Experienced a headache 0.68 0.65 0.70
Felt very nauseous 0.68 0.65 0.71
Vomited 0.52 0.46 0.55
Felt very weak 0.76 0.73 0.79
Had difficulty concentrating 0.72 0.74 0.70
More sensitive to light and sound than usual 0.63 0.66 0.60
Sweated more than usual 0.62 0.68 0.59
Had a lot of trouble sleeping 0.43 0.48 0.42
Was anxious 0.55 0.63 0.49
Felt depressed 0.53 0.51 0.53
Experienced trembling or shaking 0.55 0.59 0.53

Eigenvalue 5.1 5.1 5.0
% Variance 39 40 39
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RESULTS

For both sets of hangover symptoms items – those based
on the first few lifetime drinking occasions and those based
on the past year drinking occasions – we examined the
prevalence of each of the 13 individual hangover symptoms,
conducted a principal components analysis of the hangover
symptom items, assessed the psychometric characteristics
of full and short-form versions of the HSS, and evaluated
the relations of the HSS with alcohol use, alcohol-related
problems, parental alcohol-related problems, and sex. Both
sets of items yielded very similar results. The correlation
between the hangover scales indexing the two different
drinking epochs was 0.79, indicating a high degree of sta-
bility of hangover symptoms and suggesting that there was
little unique information captured by our assessments of
hangover at the initiation of the drinking career versus in
the past year. Therefore, for all subsequent analyses, we
only present the results of those based on hangover symp-
toms that occurred in the past year.

Prevalence of Hangover Symptoms in the Past Year

Descriptive data concerning alcohol involvement in this
sample are presented in Table 2. Most of the participants
reported that they had consumed alcohol on between 101
and 1000 occasions over their lifetime. The modal age of
onset of drinking in these mostly college-age young adults
was 15–16 years, indicating that the majority of participants
had been drinking for about 2–3 years.

The past-year prevalences of hangover symptoms, based
on responses to HSS items, are presented in Table 1. The
most common hangover symptom was feeling extremely
thirsty or dehydrated (72%) and the least common symp-
tom was experiencing trembling or shaking (13%). In re-
sponse to the hangover count item, 87% of the participants
reported experiencing at least one hangover symptom in
the past year; Table 3 summarizes the responses to the
hangover count item for the total sample and for men and
women separately.

We tested for potential sex differences in individual
hangover symptoms using responses to the HSS items. For
these analyses, each HSS item was dichotomized to reflect
the presence or absence of the symptom. Men and women
were equally likely to experience at least one of the hang-
over symptoms in the past year (men: 89%; women: 87%;
!2 ! 1.2, df ! 1, N ! 1215, p ! 0.282). Using a liberal
criterion for statistical significance (p " 0.05), there were
no symptoms that women experienced more often than

Table 2. Characteristics of Alcohol Involvement Among College Students

Variable

All participants
(n ! 1211–1225)

(%)

Men
(n ! 465–470)

(%)

Women
(n ! 746–755)

(%)

Lifetime drinking occasions
1–10 13 8 16
11–100 36 28 41
101–1000 38 43 36
#1000 12 21 7

Age first drank (years)
"11 4 5 3
11–14 30 35 27
15–16 45 36 50
17–18 21 21 20
#18 2 2 1

Past-year frequency of drinking
"1 day a month 23 16 28
1–3 days a month 34 30 37
1–2 days a week 31 38 27
"3 days a week 11 17 8

Past-year frequency of getting drunk
Never 16 12 19
"1 day a month 37 32 41
1–3 days a month 30 32 29
1–2 days a week 15 21 11
"3 days a week 2 4 1

Past-year typical quantity drank
1 drink 10 7 12
2–3 drinks 24 13 31
4–5 drinks 33 25 39
6–7 drinks 19 26 15
#7 drinks 14 30 4

Lifetime alcohol-related problems 32 35 30
Parental alcohol-related problems 23 23 23

Table 3. Number of Times Experienced at Least One Hangover Symptom in
the Past Year Among College Students

Response

All participants
(n ! 1216)

(%)

Men
(n ! 466)

(%)

Women
(n ! 749)

(%)

0 times 13 11 14
1–2 times 27 25 28
3–11 times 34 33 35
12–51 times 21 23 20
"52 times 5 7 4
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(Can you do the 
calculation?) 

The test statistic in this class is always a STANDARDIZED SCORE: 

How to calculate a test statistic 

(The "estimate" is an estimate of the population parameter of interest.) 

1.  Hypotheses 
2.  Test statistic 
3.  p-value  
4.  Decision 

Remember these steps! 

estimate� null value

standard deviation of estimate

Return to chi-squared statistics 

Suppose we are interested in the following research question:   

Is there a difference between men and women at Penn State 
with respect to the proportion who have smoked marijuana? 

According to the 2008 survey for this class, 42.1% of women 
(out of 126) versus 62.0% of men (out of 92) have smoked 
marijuana. 

Counts and percents:  Fall 2008 

So 42.1% of women in the sample say yes and 
62.0% of men in the sample say yes. 
 
Are they statistically significantly different? 

Rows: Sex     Columns: marijuana 
  
             No      Yes      All 
   
 Female      73       53      126 
          57.9%    42.1%   100.0% 
   
 Male        35       57       92 
          38.0%    62.0%   100.0% 

Aside:  In 2005, it 
was 57.6% of 
women and 
59.7% of men. 
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After finding the expected counts if H0 is true , compute a chi-
squared statistic (refer to lecture 17 for step-by-step details). 

Chi-Squared =  1.80 +  1.77 + 
               2.46 +  2.42 = 8.45 

Green:  Observed counts 
Red:  Expected counts if skeptic is correct. 
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Recall that we rejected if chi-squared>3.84 

Something is large when 
it is in the outer 5% tail of 
the appropriate 
distribution. 
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Cutoff=3.84

Chi-squared distribution with 
1 degree of freedom: 

If chi-squared statistic is 
larger than 3.84, it is 
declared large and the 
research advocate wins. 

Our chi-squared value: 

8.45  (from Step 2) 

How about a p-value for the marijuana 
test? 
The key is to take the square root of the chi-squared statistic and 
treat that as the standardized score! 

Null:  No difference between men & women 

Alternative (2-sided):  A difference exists 

2-sided p-value:      Between 2×.0013 = .0026 and 2×.005 = .01 

Decision:  WE DO HAVE EVIDENCE THAT A GREATER PERCENTAGE 
OF MEN THAN OF WOMEN HAVE SMOKED MARIJUANA. 

Standardized score:

p
8.45 = 2.91

Warning #1.  The word significant has both a common 
and a statistical meaning.  Know which is which. 

Warning #2.  Even small effects are often statistically 
significant if the sample size is large. 

Warning #3. Low power (which can result from too-
small samples) can lead to type 2 errors.  

Warning #4.  It is often helpful to a consider 
confidence intervals together with hypothesis tests. 

The seven warnings of Chapter 24 
paraphrased 

Warning #5. One-sided tests can miss effects in the 
opposite direction from the one tested. 

Warning #6.  Don’t cheat!  The choice between one-
sided and two-sided must be made before seeing the 
data. 

Warning #7.  In multiple testing situations, “rare” 
occurrences (low p-values) will happen occasionally 
even if the null is true. 

Meta-analysis 
n A collection of statistical techniques for combining 

studies. 
n By combining many studies, we may sometimes be able 

to obtain a large “meta-study” that helps to answer 
difficult questions that are not clear from smaller 
studies. 
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Vote-counting method 
n Simply find all studies on a particular topic and count 

how many had found a statistically significant result. 
n This is generally a bad idea.  Consider this example: 

Imagine taking a single study involving 1000 participants 
and breaking it up into 100 studies of 10 participants each.  
Probably, none of the 10-participant studies would amount 
to anything statistically significant even if the larger study 
would. 

Vote-counting example (p. 436, #14) 
Suppose ten studies were done to assess the relationship 
between watching violence on television and subsequent violent 
behavior in children.  Suppose that none of the ten studies 
detected a significant relationship. 

Is it possible for a vote-counting procedure to detect a 
relationship?  Is it possible for a meta-analysis to detect a 
relationship?  Explain. 

No 

Yes 
Using just vote-counting, we see 0 out of 10 significant results!  
However, a meta-analysis can combine these ten studies, giving in 
effect one large sample that might be enough to show a statistically 
significant effect. 

Which studies should be included? 

Different studies may differ widely in their quality of work.  Often, 
many studies must be eliminated from a meta-analysis because 
it is not absolutely clear that what is being studied in them is the 
desired focus of the research. 

A meta-analysis of the effect of behavior on blood pressure 
eliminated all but 26 out of 857 possible studies! 

Should studies be compared or 
combined? 

If one wishes to combine studies, make sure they're really 
measuring the same thing on the same population! 

Consider two studies comparing surgery to relaxation for 
treating chronic back pain.  One is conducted at a back-care 
specialty clinic, the other at a suburban medical center. 

Where will the people with the most severe back pain go?  
The two studies are probably conducted on different 
populations.  (We'll revisit this example later...) 


