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ABSTRACT

For research and development as well as applications-oriented
studies in remote sensing, sub-units, called test sites, are used to
describe the areas being studied. It is desirable to obtain enough

measurements for any given variable tg be able to confidently describe
the mean and standard deviation. The results reported in this paper
indicate that eight samples may be adequate for plant ﬁeight determinations
whereas approximately 20 samples are needed for plant- and soil-moisture
characterization. A sampling intensity of 18 was found to be suitable
for detecting within-field variability over time and between-field
varfability for the same crop. Although the gathering of this many
samples may be impractical, it appears to be necessary to confidently
describe the means and standard deviations of the variables measured

in this experiment. The results also indicate that the necessary sanple
sizes may vary according to (1) the physiological growth stage of the
crop, and (2) recent weather events that may affect the mofsture and/or

height characteristics of the field in question.
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The valiue of using remote sensing techniques to monitor the
earth's surface has received much attention 1n the past decade.
Application: related to studies of snow, soil moisture, agricultural
productivity, geology, etc., have been proposed, and in some cases
implemented during this period of repid development. In the future,
cetinued development .nd increased use of these techniques can be
expectud.,

eround investigations of the area to be remotely sampled are used
co evd zate the sensor's output for both research and development and
applications-~riented studies. The types of ground investigations
performed in support of remote sensing studies are summarized by
Reeves (1975). In general, small areas are selected from the entire
area to serve as test sites for sampling purposes. Therefore, an
important question to consider {s whether the test sites adequately
represent the entire area being investigated. For any given variable
to be measured, statistical procedures can be used to determine the
sampling intensity required to describe the mean and standard deviation.
However, constraints on manpower, time, equigwment, and other resources
usually prevent this approach.

The Remote Sensing Laboratory (RSL) has been investigating the
microwave interaction with vegetation media for the past efght years.

Radar backscatter behavior as a function of the geometrical and electrical

properties of vegetation, and the use of radar for crop identification
have been studied (Ulaby, 1981). Although the sampling techniques for
ground-truth data acquisition in soil moisture studies have been

evaluated (Rao, 1976), a similar study has not been conducted for the



vegetation experiments.

* This report investigates the vartability of ground-truth data
collected for vegetation experiments conducted at the RSL. Two
different firlds of wheat and a field of corn were sampled on two dates
to provide a data base for this study. The variability of crop- and
soil-parameters within a field, between two fields of the same crop
type, and within a field over time were compared statistically. The
results were used to evaluate ground-truth sampling programs carried
out in support of vegetation studies and to make recommendations for

future experiments.

2.0 GROUND TRUTH DATA COLLECTION

The test site used for this experiment {s located in the Kansas
River floodplain near the confluence of the Kansas River and the Wakarusa
River east of Lawrence, Kansas. This area is characterized by a diverse
assemblage of soils with a variety of crop types present, and is the site
of current RSL sxperiments involving crop-discrimination and soil-moisture
studies. Wheat 4 and Corn 6 were both located on a silt-loam soil while
Wheat 8 was on a sandy-loam soil. The two wheat fields were sampled
on June 10 and 17, 1981, while the corn field was visited on June 17 and
3. |

Each field was sampled in the same way, as follows: A 40-meter
swath was identified on the road-side of the field by means of surveyor
flags. The ground-truth team was composed of six individuals split into
three groups of two individuals each. From the start of the identif{ed
swath they proceeded directly into the field for a distance of 35 meters.
Using this location as a reference point, three plots of 10 m x 10 m,



each separated by 5 meters, were marked out. One team then proceeded to
aach of these plots to sample plant height, sofl mofsture, and plant
moisture. For the wheat fields both spike height and leaf height
were recorded. Figure 1 {llustrates the plot- and sampling-locations
within a field.

Each field worker sampled each variable three times, giving rise
to six samples per plot and eighteen samples per field. Sample locations
ware randomly chosen by each individual within his ns.pcctive plot.
Plant- and spike-heights were measured to the nearest CM using a meter
stick. Soil samples were collected with a trowel for the 0-5-cm depth
and stored in plastic coffee cups for later gravimetris moisture analysis.
One corn plant per sample location was obtained for gravimetric moisture
determination while half a 1inear-foot of row was sampled in the wheat
fields.

3.0 STATISTICAL ARALYSIS

Due to the paucity of data points (3) per individual, within-plot
variability could not be evaluated. The data collected by each pair of
individuals were then pooled on a plot basis. The same pair of individuals
visited the same plots in each field so that the comparison of the six
samples for each variable from any given plot would be valid. A1l statistical
analyses were performed using the SPSS system of computer programs
(Nie et al., 1975; Nie and Hall, 1981).

Nonparametric statistics were used as thers were not enough observations
to specify the distributions of the variables. The one-way analysis of
variance developed by Kruskal and Wallis (1952) was used to determine
whether all plots within a field were from the same populations. To
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Figure 1. Location of Plots and Sompling Sites Within o Field. (All Distances in Meters)



find out 1f there were significant differences in a variadble between the
two wheat fields, the Mann-Whitney mean test (Mann and Whitney, 1947)
was applied. The Wilcoxon matched-pairs ranked-signs test was used to
checked for differences between the same variable in a field on two
different dates (Wilcoxon, 1945). Between-field differences for the
wheat fields were also deterwined using the classical T-test for
independent samples. Similarly, the T-test for dependent samples

was employed to further investigate differences between the same
variable in one field at two differunt times.

4,0 RESULTS AND DISCUSSION

The field data for the wheat fields are presented in Table 1 and
for the corn field in Table 2. Computer outputs for the various
statistical tests can be found in Appendix I. Results from the
Kruskal-Wallis one-way ANOVA (Table 3) indicate that in approximately
half of the cases there was a significant difference between plots
within a field. Spike height exhibited the greatest varfability, with
four out of the six cases indicating significant differences. Plant
water content, leaf height, and soil moisture were significantly
different 50 percent of the tims.

The results in Table 3 also indicate that Wheat 8 changes from
conditions of low variability on June 10 to high variabiiity on June 17
for the variables measured. Wheat 4 shows mixed results, with similar
field variability between the two dates, but for exactly opposite
plant/soil variables. Corn 6 exhibits high variability on both dates
for the three variables measured. These results indicate thac a sample
size greater then six per field is needed to confidently determine the
mean 7 the variables observed in this experiment.



The calculated means (M) and standard deviations (sd) reported in
Tables 1 and 2 can be used to estimate the sampling intensity required
to accurately determine the mean 90 percent of the time. The formula
uscd to calculate this sampling intensity is

2
N _(Ji'é'xs?l)
Mx.l

where
N = estimated sampling intensity
/18 = sample size for estimates of M and sd
sd = standard deviation from Tables 1 and 2
M = mean from Tables 1 and 2

Table 4 presents the estimated sampling intensities obtained using this
expression.

These results indicate that 68 percent of the variables measured
during this experiment require a sample size of fewer than 18 for
estimating the mean and standard deviation. The average estimated
sample size for these variables is 8. In general, smiller sample sizes
are needed for plant-height measurements compared to plant- or soil-
moisture observations. Soil moisture is quite variable and thus a larger
sample size is needed to estimate the mean and standard deviation. Rao
(1976) reports sample sized of 11-32 for the 0-5-cm depth in a 2}-acre
field, which is similar to the hverage number of 20 reported in Table 4.
Crop moisture in the corn fields is quite uniform during the growth stage
(vegetative) that the plants were in during this experiment. Thus,
small sample-sizes will adequately describe the mean and standard
deviation. However, the wheat fields were maturing during this experiment
and thus moisture conditions were changing. This is reflected in the

6



sample sizes reported in Table 4.

Since the weans and standard deviations used to estimate the sample
sizes reportes above are based on a small sample-size (18), the estimated
sampling intensity must not be considered absolute. However, the results
ﬁdicate approximately the numbar of samples that {s required to accurately
describe the variables measured in this experiment. It appears that height
characteristics should be estimated using sample sizes of 6-10 while the
moisture estimates require more samples (12-20) for accurate determinations.
The sampling intensity will also be a function of the growth stage of the
crop in question, as well as recent weather events.

Between-field variability for the two wheat fields was assessed
using both nonparametric tests and the classical T-test procedure
for independent samples. The results (Table 4) are the same for
both approaches and indicate no significant d_ifference between fields
for spike height and leaf height on June 10. In all other cases, the
means for the observed variables are significantly different at the
99-percent confidence level.

At this time of year, the wheat crops are approaching maturity
and little change in plant growth is expected. The significant
difference in the plant-height variables found on June 17, but not
on June 10, may be due to crop damage caused by bad weather in late
May and early June. More damage, from wind and rain, was observed
in Wheat 4 than in Wheat 8 on the June 10 sample data. By June 17,

Wheat 8 had recovered to a greater extent than had Wheat 4. Although
the sample size appears to be too small for within-field variability
analysis of plant- and soil-moisture differences, the highly significant
results reported in Table 4 indicate that the pooled samples are
sufficient to detect betwean-field differences.

7



The results of the comparisons within a field over time are present-
ed in Table 5. Very similar results are found using parametric versus
nonparsmetric statistical procedures. The argument presented above for
between-field variability in wheat-plant height variables can be applied
to the results in Table 5. Similarly, it appears that the pooled
sampling intensity is large enough to detect differences in the other
variables within a field over time. This is expected for the moisture
variables, as rainfall events and changes in plant maturity occurred
during the time period of the experiment. Corn is in a vegetative stage
of growth at this time of year and thus is rapidly increasing in height.
This change is readily detected using the sampling intensity method and
methods reported above, as the 99-percent significant level in Table 5
indicates.

Thus 1t appears that six samples per field is an inadequate number to
determine the mean of the plant-soil variables observed in this experiment.
Height characteristics can be estimated with approximately eight samples
while approximately 20 samples are needed for moisture estimates of plants
and soil. These sample sizes may vary according to (1) the growth stage
of the field in question, and (2) recent environmental events such as rain-
fall. A sample size of 18 appears to be suitable for detecting between-
field variability and temporal within-field variability of the measured
plant-soil variables. Although this sampling intensity might often be
impractical, 1t may be necessary to produce reliable quantitative results.
An experiment needs to be conducted, with a larger sample size than was
used in this effort, to more accurately determine within-{ield variability

for these plant-soil parameters.
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TABLE 1
Field Data for Wheat Fields # 4 and 8

June 10 June 17

FIELD PLOT SAMPLE SPIKE LEAF PLANT SOIL § SPIKE LEAF PLANT SOIL
/ f f HEIGHT HEIGHT HZO HZO HEIGHT HEIGHT H,0 H20

W4 1 1 9% 70 47.57 33.79] 106 66 37.14 37.00
2 98 70 55.24 31.83}§ 92 61 35.25 34.72

3 105 70 52.65 33.33§ 103 7 42.11 40.711

4 97 65 52.39 29.90( 98 66 37.88 36.17

5 96 73 54.60 31.92] 105 73 67.24 42.22

6 94 67 55.20 35.22] 100 78. 55.29 38.83

2 1 97 72 51.17 27.32] 111 74 32.49 37.50

2 98 70 51.02 36.73{ 95 68 35.50 35.51

3 102 78 §3.02 33.02( 91 63  40.45 36.90

4 105 75 56.13 36.17] 95 75 37.47 37.38

5 104 82 51.87 34.16] 95 73. 40.08 36.53

6 98 72 61.48 32.92] 9 73 34.93 35.91

3 1 105 74 55.87 38.80] 93 74  40.38 41,12

2 101 76 54.81 35.48] 91 64 41.99 36.18

3 106 75 55.80 37.80] 92 67. 43.27 139.12

4 105 79 56.41 36.61] 85 65  37.06 36.97

5 99 69 53.32 33.95] 88 68°  43.73 39.98

6 98 76 53.69 35.63H 92 67 41.15 38.00

MEAN 99.94 72.94 54.01 34.20f 96.0 69.33 41.30 37.82
STANDARD DEV. 4.17 4.3 2.93 2.87 6.73 4.85 8.16 2.09
w8 1 1 100 70 43.27 20.64) 70 7 13.08 36.89
2 98 63 45.40 24.41] 78 48 12.16 24.12

3 95 73 44.16 17.771 80 54 16.41 25.23

It 94 58 n9.29 22.24) 85 49 18.37 24.44

5 97 69 49.19 21.06] 67 21 8.50 20.96

6 102 68  48.31 19.58) 74 sg 6.57 24.07

2 1 92 65 54.84 21.38] 91 16.79 22.96

2 99 60 55.41 19.38] 82 63 21.90 22.61

3 97 55 50.26 21.90( 80 58 24.37 24.08

4 108 79 44.46 19.71] 90 61 20.60 24.60

5 98 75 43,98 20.94| 77 64 21.02 23.31

6 101 72 47.09 21.51] 84 62 17.97 22.63

3 1 89 63 43.99 20.82)] 86 60 17.98 23.82

2 111 74 53.82 21.65) 92 73 27.78 24.31

3 113 86. 53,31 25.03{ 83 63 20.74 22.93

4 100 7¢ 46.99 21.56] 91 66 31.26 22.95

5 111 81 50.95 17.631 95 68  27.41 22.48

6 108 78 45.39 24.89] 96 68  30.14 22.42

MEAN 100.72 69.94 48.3¢ 21.20f 83.39 58.94 19.58 24.16
STANDARD DEV. 6.89 8.31 4.03 2.08 8.29 8.48 6.95 3.34
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FIELD
/

PLOT  SAMPLE
# #

1 1
2
3
4
5
6
2 1
2
3
4
5
6
3 1
2
3
4
5
6
MEAN

STANDARD DEV.

TABLE 2

Field Data for Corn Field #6

SPIKE
HEIGHT

188
191
186
195
175
190

195
192
193
185
200
179

161
183
181
169
163
161

182.61
12.29

June 17

PLANT

H20

89.73
90.73
91.33
91.07
91.54
92.01

90.90
92.43
93.03
92.46
92.41
92.12

93.79
90.80
90.72
91.57
90.42
92.12

91.62
1.02

11

82.22
81.65
81.94
82.14
91.63
81.75

83.89
82.00
80.60
83.82
83.21
83.00

79.91
83.88
83.81
82.44
81.43
79.59

82.76

24.82
24.77
30.76
28.13
31.24
28.82

25.93
26.81
22.86
23.09
21.77
23.28

24.91
28.52
27.32
24.17
28.50
28.02

26.32
2.77



TABLE 3

Kruskal-Wallis One-Way ANOVA Results
for Wheat Fields #4 and #8 and Corn Field #6

8 DATE HEIGHT NETGHT WISTIRE | MolsTRE
W4 - June 10 NS gwe NS S
W4 - June 17 She NS s* NS
W - June 10 NS NS NS NS
W8 - June 17 Sk Shirk Stk NS
C6 - June 17 S - s* g
€6 - June 30 S - NS gu

NS = no significant difference between plots
S*, S** Skw = g0, 95, 99% significance levels respectively

12



TABLE 4

Sample Size Estimates from Field Standard Deviation and Mean

FIELD SAMPLE
# DATE VARIABLE e SIZE
W4 June 10 Spike HT 3
Leaf HT 6
Plant H 5
Sofl H 13
June 17 Spike HT 9
Leaf HT 9
Plant H 70
Soil H 6
W8 June 10 Spike HT 8
Leaf HT 25
Plant H20 13
Soil H20 17
June 17 Spike HT 18
Leaf HT 37
Plant H 227
Soil H 34
cé June 17 Spike !.. 8
Plant H 1
Soil H 27
June 30 Spike HT 3
Plant H 2
Soil H 20

13




TABLE 5(a)

Mann-Whitney U Test for Between-
Field Variabtility of Wheat #4 and Wheat #8
SPIKE LEAF % PLANT % SOIL
“DATE HEIGHT HEIGHT MOISTURE MOISTURE
© June 10 NS NS Sk Swire
June 17 Sk Swie Stk Stk
TABLE 5(b)
T-Test for Independent Samples of
Wheat #4 and Wheat #8
SPIKE LEAF % PLANT % SOIL
DATE HEIGHT HETGHT MOISTURE MOISTURE
June 10 NS NS Swin Sirie
June 17 Sk Swew Sk Grire

NS = 10 significant difference between means

Sw*x = 99% significance level

14
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| TABLE é(i)

PP TS T 4

Wi1coxon Matched-Pairs Ranked-Signé Test
for Within-Field Variabiifity Over Time

. SPIKE

LEAF % PLANT % SOIL
FIELD HEIGHT HEIGHT MOISTURE mxs_ms
W4 NS NS Swwn Sirirke
W8 St Sk Shars  oded
(3 Shwn .- Saw Shaw
TABLE 6 (b)
T-Test for Reiated Samples to Determine

Within-Field Variability Over Time

SPIKE LEAF % PLANT % SOIL
FIELD ~ HEIGHT HEIGHT MOISTURE MOISTURE

:@W

wa NS Sk Stewi Stwe
W8 Sk Sk Shire Swiree
cé6 Sk -- Shis Shaw

NS = no significant diffcrence between means
S** = 95% significance level
Se** = 99% significance level

15



APPENDIX

SPSS Computer Outputs for
Statistical Tests
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SPSS G T VARIABILITY

FILE NONAME  CCREATION DATE = 10-21-81)
e = o = = KRUSKAL=-WALLIS 1=WAY ANOVA
SH _.__.M_g’slﬁuf e i e
sy BLOT Lot
PLOT 1 2 s
= NUMBER R -~ - :
REAN RANKS 6.3 10,5 11.6

.. CASES

@ @« = = = KRUSKAL=WALLII 1=WAY ANOVA

CHI=SQUARE  SIGNIFICANCE

LW LEAFHT
BY PLOT PLOT

NURB ER ‘ § :
MEAN RANKS ' 9.93 i dji.ssm . 12.03

- CAS;: Cﬂl-Ségzgs SlﬁN!FlS:ggs

® = « = = KRUSKAL=WALLIS 1=WAY ANOVA

Pl PLANTWATER
“BY PLOT T PLOT ’
RN ) GUUUUS R S S
MEAN RANKS 7.82 8.33 12.33

L casgy oui-sgunt siewrigauge

> ne———— e m—— B P R -
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SPSS C.T.VARIABILITY
e v e wa~KRUSKAL=WALLIS 1=WAY-ANOVA - - e
SW SOILWATER
ov_Plon Loy o
PLOT
NUﬂkgl g § »
MEAN RANKS —~~ S.8 - 8.8 T 14617 oo TR T e e
COR RECTED 'OR T}Es
CASES CHI=SQUARE SIGNIFICANCE CHl~ SQUI.E SIGNIFICANCE
hnti B 7.626 0.022 7.626 6.022

= = o « = KRUSKAL=WALLIS 1-HAY ANOVA

THE_ T SPIKENT2 S e e : i
8Y PLOT PLOT
S _.i L § e e
MEAN RANKS 13,38 10,5 ()
CORRECTED FOR TIES
S CASES “——CHI=SQUARE - "SIGNIFICANCE ~~"CHI=SQUARE= SIGNIFICANCE
10 9.056 0011 9.140 0.010
e e-= = = KRUSKAL=WALLIS 1=WAY ANOVA = - R e e
LHE LEAFNT?
By PO PLeY
whill T
neaAn"RARKS - 8,98 —— 11,88 —-2. 28 - — [ e
_CORRECTED FOR TJES
CASES CHI-SQUARE  SIGNIFICANCE CHI=SQUARE  STGNIFICANCE
- 18 1.863 . 0e39¢ _d.878 _ 0.39
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SPSS G.T.VARIABILITY
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SH SPIKENT .
BY PLOT ~— - PLOT - T — e e s
PLOT 1 2
EAN BANES  7.28  8.48 12.88 o
° * ° CORRECTED FOR TIES
CASES CHI-SQUARE SIGNIFICANCE CHI-SQUARE SIGNIFICANCE
R T B 3,652 0.161 3.671 "~ 0160
- = = = = KRUSKAL=WALLIS 1-WAY ANOVA - -
LH LEAFHT
BY PLOT PLOT
BLOT 1 2 3
NUMBER é 6 é
MEAN RANKS 7.17 8,50 12.83
- Nt v =TT ———CORRECTED FOR TIES
CASES CHI-SQUARE SIGNIFICANCE CHI-SQUARE SIGNIFICANCE
18 3. 0.158 3,704 0157
- = = = = KRUSKAL-WALLIS 1=WAY ANOVA
Pu PLANTMATER
- 8Y PLOT -— ——PLOT— - ~ = - e e -
PLOT 1 2 3
- ——-NUM ——— g 6 6 - - — —— -
MEAN nnuxs 7.50 10.67 10.33
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CASES CHI-SQUARE SIGNIFICANCE CHI-SQUARE SIGNIFICANCE
12 1,275 ———0e589 « - 1,275 ——— —04529
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18 9.845 0,007 <865
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3_, ?3,053__ 0.001 §3.09§
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pLOT 1 2 3
 NUMBER -6 6 6 - e
MEAN RANKS 11.25  13.08 417
CASES  CHI-SQUARE SIGNIFICANCE CHISSQUARE S 16NIFICANCE
AT B 9,336 0.009 ~—= 9,356 -~~~ - 0.009
- =-=- KRQSK_AL‘HALLIS 1=WAY ANOVA
Pw PLANTWATER
BY PLCT PLOT
BT S T )
NUMBER 6 6 .
MEAN RANKS 6,67  13.42 s.cz
 cAsgg  cH souan SIGNIFIGANCE  CHISSQUABE  STGNIFIEAN
73 1-SquARE  SIGNIFIGANCE 30158 62055
----- k;U-S-K_Ai.-NALLIS 1= HAV ANOVA - T
Sw SOILWATER
“BY PLCT = - - PLOT o omm T e e S S S s S e
PLOT 1 2 3
- NYMBER ~~-——- @ == @ o g — e s s
MEAN RANKS 11,83 11,83 4.83
CORRECTED FOR TIES
CASES  CHI-SQUARE SIGNIFICANCE  CHI-SQUARE SIGNIFICANCE
e e -6 8 -~ = 04032 - 6,877 "0.032
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' " PWB ~  ° PLANTWATER2
BY PLOT PLOT
NURBER ¢ ¢ 2 N
MEAN RANKS 9.17 11,33 8.00
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=~ CASES ~ CHI-SQUARE SIGNIFICANCE ~~ CHI-SQUARE SIGNIFICANCE
e = e s = KRUSKAL=-WALLIS 1-WAY ANOVA
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BY_PLOT _PLov e
PLOT 1 3
NUMBER 6 ) 4 ,
MEAN RANKS ~ ~ 12.83 "~~~ 483 -~ —10.83 " e e
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18 1.298 . 0.026 1,298 0.026
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4 FIEL!
HEAN RANK NUNBER HéihDRANK. NUHBE%
18.00 - 18 - - 19,00 - 18
EXACT CORRECTED FOR
u W 2-TAILED P 2-TAIL
153.6 - - 324.0 0.79GS -o.zasv ~~~~~~ 0.7

- @ = = = MANN=-WHITNEY U - WILCOXON RANK SUM W TEST

LH LEAFHT
BY FIELD FIELD
—~ FIELD = ® 4 FIELD - = -  =- 8 = o
MEAN RANK NUMBER MEAN RANK NUMBER
20.72 18 16,28 18
-~ -- - - EXACT ~---—- - -CORRECTED FOR TI
U ] Z-TA%LED P b4 Z-Tllbfo

= = = « < MANN-WHITNEY U - WILCOXON RANK SUM W TEST

P PLANTHATER
BY “FIELD - ——FIlELD - T T RTINS ST S S e e e
FEELD = 4 FIELD = 8
MEAN RANK NUHBER MEAN RANK NUMBER
s 28,00 = 18 = - 12,00 < mme— -8 e
EXACT CQRRECTED FOR
-TAILED P )4 =TAIL
——-45,0-— ——-450.0 -— 0,0001 e =3,7017 - —— 0,00
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16 =RANKS 2 *RANKS
CASES TIES MEAN MEAN 2 2-TAILED P
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CASES T1eg MEAN MEAN z 2-TAILED P
18 4,00 9.82 =3.549 0.000
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