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Introduction

Bronchoalveolar lavage (BAL) is used
as both a research and a clinical tool (1-5).
The technique permits sampling of in-
flammatory cells and proteins in the dis-
tal airways and alveoli, and it is associat-
ed with minimal risk (6, 7). In patients
with a variety of lung diseases, the num-
bers and types of cells present in BAL
fluid differ from those present in BAL
from normal subjects, suggesting that
BAL may be of value in the diagnosis
and management of these diseases (1, 2,
8). In order to compare results of BAL
between patients with lung disease and
normal subjects, however, it is necessary
to be certain that the underlying distri-
bution justifies the specific methods of
statistical analysis.

All BAL studies of normal volunteers
reported in the literature to date are rela-
tively small in size. Because of this limi-
tation, the distribution of cells in BAL
fluid in the control populations is not well
defined. Thus, it is difficult to compare
the BAL cell content from these control
populations with either individual pa-
tients or with study subjects with lung
disease. For example, important aspects
of the distributions of BAL cell counts
include not only the average value (mean)
and the amount of variation (standard
deviation) but also the randomness, or
independence, of the samples and wheth-
er or not the cell counts conform to a
normal distribution. Relatively small
samples may give a reasonable estimate
of the mean, but they are less reliable in
determining the nature of the tails of the
distribution.

To determine the nature of the distri-
bution of cells in BAL fluid, we evaluat-
ed BAL data from a large number of nor-
mal volunteers. To identify whether the
distribution was substantially altered by
the method of expressing the data, we
compared three different methods of pre-
sentation of the cell counts (cells per mil-
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SUMMARY Bronchoalveolar lavage (BAL) is used to obtain inflammatory celis from the lung. For
clinical research, parametric statistics are frequently used to compare cells present in BAL of pa-
tients with lung disease with cells present in BAL of normal subjects. To determine if these popula-
tions can be compared in this manner we performed BAL on 111 never-smoking, normal volunteers
and determined: (1) the mean, median, standard deviation, and range of the cells in BAL; (2) whether
the data are normally distributed and satisfy the criteria for use of parametric statistical analysis.
The BAL celiularity was expressed as a percentage of total cells, cells per milliliter return, and total
celis per lavage. Regardiess of the means of expression, no measure of BAL cellularity (total cells,
macrophages, lymphocytes, neutrophils, or eosinophils) conformed to the normal (bell-shaped) dis-
tribution when tested for goodness of fit with the G statistic (all p < 0.001). The lack of fit to the
normal distribution was not substantially aitered by either the method of expressing the data (l.e.,
cells per miliiliter, totai cells, or percent of celis) or log transformation of the data. The poor {it
in all cases resuited from clumping of the data about the mean and large tails. The percent of cells
were, therefore, tested for goodness of fit to the Poisson distribution, a distribution of discrete vari-
ables. The neutrophil and eosinophil percentages resuited in an excellent fit to the Poisson distribu-
tion, but macrophage and lymphocyte percentages did not. The observations that the BAL data
are not normally distributed indicate that nonparametric statistics should be used for comparing

BAL cell data between normal subjects and patients with lung disease.

AM REV RESPIR DIS 1992; 146:448-453

liliter return, cells/100 ml of infusate, and
percent of total cells). Moreover, we
determined whether the data were nor-
mally distributed and satisfied the criteria
established for parametric statistical
analyses. In addition, the amount of vari-
ation within normal subjects was assessed
in 27 who underwent serial lavages.

Methods
Study Population
One hundred eleven normal nonsmoking
volunteers underwent 166 bronchoalveolar
lavages. Twenty-seven of the 111 subjects had
at least two lavages. The mean age of the
volunteers was 30 yr with a range of 20 to
48 yr (figure 1). Sixty-three percent were male
and 37% were female. For the purposes of
this study, nonsmokers were considered to be
lifetime never-smokers (< 20 cigarettes in their
lifetime). None of the normal volunteers had
any evidence on history and physical exami-
nation of respiratory disease, including asth-
ma, allergic rhinitis, interstitial lung disease,
exposure to pneumoconiotic dust, or recent
viral illness. In addition to the 111 nonsmok-
ing volunteers, 19 otherwise healthy current
smoking volunteers were also lavaged. Al-

though this sample of smokers was small, we
included these volunteers to investigate the
effect of cigarette smoking on BAL cellulari-
ty. For subjects who underwent more than one -
BAL, only the first lavage was included in
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Fig. 1. Age distribution of the study
population. The expected normal distri-
bution (based on the mean of 29.9 and
standard deviation of 55) is superim-
posed on the histogram. Median 28.0;
mean 29.9; SD 55.

Number of Subjects

the comparisons. The subsequent lavages were
used to examine the variation within normal
subjects from one lavage to the next. The
study was approved by the Human Use Com-
mittee at The University of Iowa.

Bronchoalveolar Lavage

The subjects underwent fiberoptic bronchos-
copy and BAL as previously described (9).
Lavage was carried out in the lingula and/or
the right middle lobe. Five 20-ml aliquots (for
a total of 100 mi) of normal saline at 37° C
were instilled into each segment lavaged. The
number of segments lavaged ranged from one
to four. When more than one segment was
lavaged, the results from the segments were
averaged. The lavage samples were processed
as previously described (9). The total cell
count was determined using a hemocytome-
ter. The percentage of each cell type was de-
termined using a Wright-Giemsa-stained
cytocentrifuge preparation.

Statistics

The cell counts were displayed as frequency
distributions expressed as cells per milliliter
BAL fluid recovered (cells/ml), cells per 100
ml of infused BAL fluid (total cells), and as
percentage of the total cell population. We
evaluated whether these different methods
used to express BAL cell counts altered the
underlying distribution and whether the
results were normally distributed (an assump-
tion implicit in parametric statistical test). The
results were expressed as the mean and the
standard deviation. The mean and median are
reported for each set of data since the differ-
ence between the mean and the median pro-
vides an estimate of the skew of the distribu-
tion, The goodness of fit to the normal dis-
tribution was statistically assessed by using
the Kolomogorof-Smirnoff test and visually
assessed by superimposing the normal distri-
bution over the observed distribution. For
variables that could be considered discrete (i.e.,
the percent of total cells), the Kolomogorof-
Smirnoff test was also used to test the good-
ness of fit to a Poisson distribution. The Pois-
son distribution differs from the normal dis-
tribution in that it is a distribution of the fre-
quency of discrete variables in contrast to
continuous variables.

The data were analyzed for goodness of fit
both before and after log transformation. For
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the purpose of log transformation, the zero
values were converted to a positive value just
below the limit of detection of the assay.
For the 27 volunteers with serial lavages,
we examined the differences in the values ob-
tained between the first and second lavage.
We then plotted the distribution of these
differences to examine the range of the differ-
ences and also to determine if this distribu-
tion approximated a normal distribution. The
relationship between the first and second la-
vage was examined using Spearman’s rank
correlation and graphic comparison.
When comparing the BAL celi counts from
nonsmoking volunteers and smoking volun-
teers we used nonparametric statistics (10).
This approach is supported by the nonnor-
mal distribution of the BAL cell counts
demonstrated in the nonsmoking volunteers.

Results

BAL was well tolerated by all the sub-
jects. There were no significant compli-
cations. The number of segments lavaged
had a minimal effect on the percent re-
turn (volume returned/volume infused X
100) or the cells/ml return (table 1).
Therefore, for subjects who had more
than one segment lavaged, the data were
normalized to a single 100-ml lavage by
dividing the total cells returned by the
number of segments lavaged.

For the nonsmoking volunteers, the
cells/ml return ranged from 2 to 84 X
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TABLE 1

EFFECT OF NUMBER OF SEGMENTS
LAVAGED ON PERCENT RETURN
AND CELLS/ML RETURN®

Lavaged Segments

Segment  Lavaged Return Cell Return
No. (n) (%) {x 10%ml)
1 8 63.7 £ 71 149 + 54
2 16 670 £ 103 150+ 7.2
3 25 703 £ 115 120 + 46
4 68 815+ 169 12.1 = 106

* Values are mean x standard deviation.

10* (figure 2). Only five subjects (4.5%)
had more than 25 x 10* cells/ml. The
mean cells/ml was 12.7 + 9.1 x 10*, with
amedian of 11 X 10% The mean cells/100
ml infused was 9.5 + 8.3 x 10%, with
a median of 8 x 10¢ and a range of 1.7
to 83 x 105,

As expected, the majority of cells were
macrophages. Only four subjects (3.6%)
had less than 80% macrophages (figure
3). The percent of macrophages ranged
from 100 to 61%, with a mean of 93.2
+ 5.8% and a median of 95%. Expressed
as cells/ml return, the mean was 12.1 +
10 x 10% with a range of 2.3 to 80.4 X
10* and a median of 9.9 x 10*, The mac-
rophages/100 ml infused ranged from 1.6
to 80.4 x 10% withameanof 8.9 + 7.9
X 10°% and a median of 7.68 x 10°.

Lymphocytes were the next most fre-
quent cell type, with a mean of 6.1 +
5.6% and a median of 5% (figure 4). Four
subjects had 0% lymphocytes, and three
(2.7%) had more than 15%. The highest
observed lymphocyte percentage was
38%. The lymphocytes/ml return ranged
from zero to 6.0 x 104 with a mean of
0.8 x 10* and a median of 0.5 x 10
The mean lymphocytes/100 ml infused
was 0.57 + 0.66 x 10°, with a range of
zero to 4.28 X 10° and a median of 0.34
x 108,
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Fig. 2. Distribution of the total cells obtained by BAL. Panel A shows the distribution of total cells per 100 ml
infused. Median 8.0; mean 9.5; SD 83. Panel B shows the distribution of total cells per ml return. The observed
distributions are significantly different (p < 0.001) from the normal distribution, which is superimposed. Median

11.0; mean 12.7; SD 9.1.
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Fig. 3. Distribution of macrophages obtained by BAL. In Panel A, macrophages are expressed as a percentage
of the total cells. Median 95.0; mean 93.2; SD 5.8. Panel B depicts macrophages per 100 ml infused. Median
768; mean 89; SD 79. Panel C shows macrophages per m! return. Median 9.9; mean 12.6; SD 9.1. In each case
the observed distributions are significantly different (p < 0.001 for each) from the normal distribution, which is
superimposed.
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Fig. 4. Distribution of lymphocytes obtained by BAL. In Panel A, lymphocytes are expressed as a percentage
of the total cells. Median 5.0; mean 6.1; SD 5.6. Panel B depicts lymphocytes per 100 ml infused. Median 0.34;
mean 0.57; SD 1.01. Panel C shows lymphocytes per ml return. Median 0.50; mean 0.81; SD 1.01. In each case
the observed distributions are significantly different (p < 0.001 for each) from the normal distribution, which is
superimposed.
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Fig. 5. Distribution of neutrophils obtained by BAL. In Panel A, neutrophils are expressed as a percentage of
the total cells. Median 0.00; mean 0.54; SD 0.83. Panel B depicts neutrophils per 100 mt infused. Median 0.00;
mean 0.06; SD 0.18. Panel C shows neutrophils per ml return. Median 0.00; mean 0.08; SD 0.20. In each case
the observed distributions are significantly different (p < 0.001 for each) from the normal distribution, which is
superimposed.
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Fig. 6. Distribution of eosinophils obtained by BAL. In Panel A, eosinophils are expressed as a percentage of
the total cells. Median 0.00; mean 0.14; SD 0.44. Panel B depicts eosinophils per 100 ml infused. Median 0.00;
mean 002; SD 0.06. Panel C shows eosinophils per m! return. Median 0.00; mean 0.02; SD 0.06. In each case
the observed distributions are significantly different (p < 0.001 for each) from the normal distribution, which is
superimposed.

Neutrophils were not observed in the 0.20 X 10* and a median of zero. The

majority of subjects, but they were pres-
ent in 45 (41%) (figure 5). The mean per-
centage was 0.54 + 0.83%, and the me-
dian was 0%. The highest neutrophil per-
cent observed in this population was 5%.
Neutrophils/ml return ranged from zero
to 1.68 x 104 with a mean of 0.08 +

range of neutrophils/100 ml infused was
zero to 1.68 x 10°, with a mean of 0.06
+ 0.18 X 10° and a median of zero.
Eosinophils were the least frequently
observed cell type, present in only 14
(13%) (figure 6). None of the subjects
had more than 3% eosinophils, and the
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mean percent eosinophils was 0.15 +
0.47%; the median was zero. The mean
eosinophils/ml return was 0.02 + 0.08
x 10°% with a range of zero to 0.63 X
10* and a median of zero. Eosinophils/
100 ml infused ranged from zero to 0.46
X 10%, with a mean of 0.02 + 0.06 X
10° and a median of zero. _
The pattern of the distributions var-
ied greatly for the different cell types
(figures 3 to 6). Within each cell type,
the pattern of the distribution was
minimally affected by expressing the
values as either cells per 100 ml infused,
cells per milliliter return, or as a percent-
age (figures 3 to 6). None of the distribu-
tions conformed to the expected normal
distribution. This can be seen by visual

. inspection of the observed histograms

with the superimposed line representing
the normal distribution. This observa-
tion was statistically confirmed by the G
test for goodness of fit, which gaveap =
0.001 for each distribution when tested
against the normal distribution. This in-
dicates that none of these distributions
satisfied the statistical requirements of
the normal distribution. Visual inspec-
tion of the histograms reveals that the
deviation from the normal distribution
results from clumping, with an excess of
samples near the mean and long tail(s)
beyond the limits of the normal
distributions.

Log transformation of the data result-
ed in normalization of the macrophage
and lymphocyte distributions when the
counts were expressed as cells/ml return
or cells/100 ml infused (macrophages/ml
return, p = 0.50; macrophages/100 ml
return, p = 0.41; lymphocytes/ml return,
p = 0.34; lymphocytes/100 ml infused,
p = 0.39). Log transformation of mac-
rophage and lymphocyte percentages
failed to normalize the distributions (p <
0.001 for each). Neutrophil and eosino-
phil distributions were not normalized
by log transformation regardless of the
mode of expression (p < 0.001 for each).

The percentages of total cells for each
cell type can be evaluated as discrete vari-
ables. To determine if a better fit would
occur using a frequency distribution for
discrete variables, the percent cell distri-
butions were modeled to the Poisson dis-
tribution. The percentages of neutrophils
and of eosinophils showed an excellent
fit to the Poisson distribution (p > 0.5
for each). The percent of lymphocytes
and of macrophages did not fit this dis-
tribution (p = 0.001 for each).

The influence of age on cellularity was
assessed using Spearman’s coefficient of
rank correlation. Age was weakly cor-
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related with the total cellularity, but the
correlation was highly significant (r =
0.31, p = 0.001). There was no correla-
tion, however, with the percentages of the
cell types (percent macrophages: r =
0.09, p = 0.38; percent lymphocytes: r
= 0.10, p = 0.31; percent neutrophils:
r = —0.05 p = 0.60; percent eo-
sinophils: r = 0.04, p = 0.69). The corre-
lation with total cells was robust in that
removal of the four greatest outliers had
little effect on the correlation. However,
visual inspection of the age versus total
cells/ml (figure 7) suggests that the ef-
fect of age is not pronounced. Moreover,
using r as an estimate, age accounted for
about 9.6% of the total variation.
Serial lavages of the same subjects
demonstrated some variability over time,
but the differences between the first and
second lavages were normally distribut-
ed about the origin (figure 8). The mean
difference was close to zero in all cases,
and there was clustering about the mean,

25 30 5 40 45 50

Age (years)

with rare outliers. There was a fair corre-
lation between the cellularity of the first
and second lavage of each subject (r =
0.67, p < 0.001) (figure 9), but there was
no correlation between the cell compo-
sition of the first and second lavages (ta-
ble 2 and figure 10).

The major difference between smok-
ing and nonsmoking volunteers was that
smokers had significantly more cells/m!
return than did nonsmokers. (Smokers:
median = 40.0, mean = 49.0 x 10¢
cells/ml; nonsmokers: median = 11.0,
mean = 12.7 x 10% p = 0.001) (table
3). Smokers also had a higher percent-
age of macrophages and a lower percent-
age of lymphocytes (table 3).

Discussion
In order to utilize BAL as a clinical and
research tool, it is necessary to define the
distribution of cell counts in nondiseased,
asymptomatic subjects. Our study indi-

g
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TABLE 2

SPEARMAN'S RANK CORRELATION BETWEEN
SERIAL LAVAGES IN THE SAME

SUBJECT (n = 27)
r p Value
Celis/mi x 104 0.67 < 0.001
Macrophages, % 0.035 0.861
Lymphocytes, % 0.031 0.877
Neutrophils, % 0.284 0.151
Eosinophils, % -0.100 0.620

cates that the distribution of BAL cell
counts in asymptomatic, nonsmoking
volunteers is not normally distributed.
Moreover, both the different methods
used to express these results (i.e., percent-
age of cells, cells per 100 ml of infused
BAL fluid, and cells per ml of returned
BAL fluid) and the log transformation
of the data do not appear to substantial-
ly affect these distributions.

The mean values observed in this study
are in close agreement with the findings
from other smaller studies (see table 4).
As expected, macrophages were the most
numerous type of cell present (93.3 =
5.8%), and lymphocytes were the next
most frequent cells present in BAL fluid
(6.1 £ 5.6%). Although neither neutro-
phils nor eosinophils were seen in the
majority of the lavages, 40% of the non-
diseased, asymptomatic subjects had
neutrophils and 13% had eosinophils.
The mean percentages were 0.55 and
0.15%, respectively. The major difference
between smokers and nonsmokers was
a higher number of total cells in the
smokers than in the nonsmokers (49.0 x

Moan: 0.30
S04

F -
D/F/f

10 5 0 5
Absolute Difference in Percentage of Lymphocytes

5 0 5
Absolute Difference in Percentage of Eosinophils

Fig. 8. Differences between the first and second BAL in 27 subjects who underwent serial lavages. Panel A shows a histogram of the differences in total cells per ml
return. Panels B through E depict the differences in the percentages of the subtypes of cells. The normal curve is superimposed on each of the histograms.
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TABLE 3
COMPARISON OF BAL CELL COUNTS IN
SMOKERS VERSUS NONSMOKERS*
Nonsmokers Smokers
(n = 111) (n =19 p Valuet
Colls/mt x 104 12.7 £ 9.1 49.0 + 39.6 < 0.001
(11.0) (40.0)
Macrophages, % 932 £ 58 986 = 2.6 < 0.001
(95.0) (98.0)
Lymphocytes, % 6.1+ 56 216 £ 25 < 0.001
(5.0) (1.0)
Neutrophils, % 05 + 0.8 08 + 09 0.21
(0.0) (1.0)
Eosinophils, % 0.1 £ 04 02+ 05 0.59
(0.0) (0.0)

* Data expressed as mean = SD with

t p values calculated by Mann-Whitney U test.

shown in p

10* versus 12.7 x 10%). Although all ceil
types were increased in smokers, there
was a disproportionate increase in the
percentage of macrophages.

To use the BAL cell counts in popula-
tion studies, it is necessary to know how
the values are distributed around the
mean. Statistical tests of the difference
between two means, and tests of the
likelihood that a particular value comes
from the normal population, are depen-
dent on assumptions about the distribu-
tion of the data. Student’s ¢ tests and
analysis of variance, for example, assume
that the data conform to a normal (beli-
shaped) distribution. Our data indicate
that BAL cell counts in nondiseased,

.asymptomatic subjects are not normally

distributed. Analysis of the data showed
that there is considerable clumping of the
values. That is, there were more values
close to the mean than expected and more
values in the tails (the extremes) of the
distribution than expected. These find-
ings indicate that nonparametric statisti-
cal tests such as the Mann-Whitney U test
should be applied to studies examining
BAL cellularity.

Our findings are consistent with those
of Laviolette (15) who reported that the
percentage of lymphocytes in the lavage
fluid of nondiseased, asymptomatic
study subjects was not normally dis-
tributed. When he excluded the 12% of
the subjects who made up the tail of the
Iymphocyte distribution (greater than
20% lymphocytes), the remaining data
conformed to a normal distribution. This
investigator concluded that, although
his study subjects were clinically non-
diseased, lymphocyte counts higher than
14% should be considered abnormal.
Similarly, this is one possible explana-
tion for counts comprising the long tails
seen in our distributions. That is, the sub-
jects with unusually high counts could
have a subclinical illness at the time of
the lavage. For example, one of our non-
diseased, asymptomatic volunteers who
had more than 15% lymphocytes on sev-
eral occasions eventually developed an
idiopathic Bell’s palsy. It is possible that
the Bell’s palsy was a manifestation
of the same immunologic process that
caused the high lymphocyte counts. An-
other subject with an increased BAL lym-
phocyte count developed a viral upper
respiratory infection three days after the
lavage. At the time of the lavage, the sub-
ject was completely asymptomatic, clear-
ly fitting the definition of nondiseased.
On the other hand, other subjects with
abnormal counts have been followed for
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TABLE 4

COMPARISON OF BAL CELL COUNTS FROM DIFFERENT
STUDIES OF NONSMOKING VOLUNTEERS

Age Range Cell Return Macrophages Lymphocytes Neutrophils Eosinophils

References (n) (v (x 10%ml) (%) (%) (%) (%)
Present study 111 20-48 12.7 93.2 6.1 0.54 0.14
Ettensohn, 1988 (11) 78  20-30 9.37 95.1 3.9 0.7 0.17
Baughman, 1986 (12) 16  16-68 N/A 92.2 6.6 1.3 -
Pingleton, 1983 (13) 10  24-35 20.6 89.9 77 1.7 0.6
Velluti, 1984 (14) 8 N/A 16.3 88.1 10.6 09 04

more than 5 yr without the development
of clinical illness. Whatever the explana-
tions of these data, we believe that it is
inappropriate to use the results of the de-
pendent variable (BAL cell count) being
studied to modify the independent vari-
able (clinical condition). That is, in this
type of investigation, the lavage counts
should not be used to reclassify non-
diseased subjects as abnormal. A true
random sampling of a clinically normal
population, and even populations with
lung disease, will include some individu-
al subjects with subclinical illness such
as viral illnesses. Exclusion of these sub-
jects from the nondiseased population
but not from the diseased population
would result in a biased comparison. For

most population studies, a nondiseased,

asymptomatic subject is defined as a
volunteer who is considered free of dis-
ease by predefined criteria. These crite-
ria do not always exclude the possibility
that the subject may be exposed to fac-
tors that could influence the variable be-
ing studied.

Our serial lavage data show a lack of
correlation of cell composition between
the first and second lavages. This sug-
gests that the variability within individual
subjects is similar to that between sub-
jects. If the variability in our population
were a result of different subgroups, with
and without underlying disease, there
would be significantly less variability
within subjects than between subjects.
The variability between subjects would
be the sum of the within-subject variabil-
ity plus the between-group variability.
This is strong evidence that the variabil-
ity observed in our population is an ac-
curate estimate of the expected variabili-
ty in a uniform population of non-
diseased normal subjects.

Another important feature of this
study and most other BAL studies is the
age of the nondiseased, asymptomatic
volunteers (11-14). These populations are
usually characterized by young nonsmok-
ers whose age may differ from the popu-
lation with which it is compared. Al-

a

though we found minimal effects of age
in our study, further study is needed to
better define the effects of aging on BAL
cellularity. Differences in age, however,
cannot explain the variability seen in this
study.

There are other explanations for why
the values may not follow a normal dis-
tribution. Normal distributions result
from independent random sampling of
continuous variables. Lack of indepen-
dence, lack of randomness, or having a
discrete rather than a continuous vari-
able can all result in deviance from a nor-
mal distribution (10). The cell percentages
actually represent discrete values based
on counting a fixed number of cells.
These data, therefore, would be expect-
ed to follow a Poisson distribution rath-
er than a normal distribution. In fact,
using the G test, there was excellent fit
of the percentage of neutrophils and the
percentage of eosinophils to the Poisson
distribution. The goodness of fit to the
Poisson distribution suggests that the eo-
sinophil and neutrophil values are inde-
pendent, random samples. However, the
total cell counts are continuous variables
and were not found to be normally dis-
tributed. Therefore, the deviation from
a normal distribution in these cases
results from either lack of independence
or lack of randomness.

Lack of independence of the data
could explain the observed clumping of
the data. The milieu of the lung is
thought to regulate the numbers and
types of inflammatory and immune cells
that are present. Inflammatory cells in
the lung can effect the recruitment of ad-
ditional cells. In various diseases, there
is ample evidence that this type of regu-
lation may occur (16, 17). This type of
lack of independence would result in
clumping of the data towards the mean
and the tail, as we observed.

Regardless of its cause, lack of nor-
mality has important implications for
statistical hypothesis testing. The para-
metric statistical tests such as Student’s
t test and analysis of variance, both as-
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sume a normal distribution (10). They
are, therefore, inappropriate tests for
analysis of these data, and their use could
result in unexpectedly high type I error.
Our findings indicate that it is more ap-
propriate to use nonparametric tests,
which do not require assumptions about
the type of distribution.
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