INTERPRETATION AND PRESENTATION OF RESULTS
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The purpose of an experiment is to answer questions. The truth of
this seems so obvious, that it would not be worth emphasizing were it
not for the fact that the results of many experiments are interpreted
and presented with little or no reference to the questions that were
asked in the first place. In other cases, it appears that the wrong ques-
tions were asked.

Interpretation of dose and response

Let us look at an example. An experiment was performed in which
there were 7 treatments consisting of 7 levels of a material applied to
the plants. The simple, straightforward, and useful question that
might have been asked by the experimenter is: What is the relation be-
tween the amount of material applied and the plant response? Then
there is a much more cumbersome and less useful question: Of the 21
possible pairs of treatments, which ones are significantly different
from each other?

Can it be that this second question is really the one the experimenter
had in mind when the experiment was planned? At any rate, that is the
question that was answered when the results were reported like this:

Treatment Plant
Level Response

0 222a
1 202 ab
2 205 ab
3 186 be
4 164 cd
5 156 cd
6 147d

Suppose the simpler question of the relation between dosage and
response had been asked and answered. It would have been reported
that there was a highly significant linear relation that accounted for
over 96% of the variation in response. This could have been illus-
trated graphically, as in Fig. 1.

Partitioning of treatment sum of squares
in Example 1, Variable 1

Source of Percent
variation df SS of total
Treatments 6 23805
Linear 1 22885 96%
Residual 5 920 4%

The question of which treatment responses are significantly differ-
ent from each other is now irrelevant, and it need not, in fact, should
not, have been asked. Once a significant linear trend is established,
all treatment levels within the range of those used in the experiment
are significantly different from one another in their effects. The best
estimates of the treatment effects are the points on the regression line.

There are, of course, other kinds of relations between dosage and
response besides simple linear ones, such as various curvilinear rela-
tions.

One of the variables measured in this same experiment showed a
response to treatments that was obviously not linear. (Incidentally,
variables should never be referred to as ‘‘parameters’’.) The data
were presented as follows:

! Present address: 1488 Argyvle Lane. Bishop, CA 93514.
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Treatment level Response
0 9d
1 12cd
2 15bc
3 22a
4 19ab
5 17b
6 Ilcd

Interpreting these results by examination of the letters is even more
confusing than in the previous example. However, partitioning the
treatment effects into individual degrees of freedom shows that over
85% of the variability among responses is accounted for by the linear
and quadratic components. The data can therefore be simply sum-
marized by a simple second-degree curve (Fig. 2).

Partitioning of treatment sum of squares
in Example 1, Variable 2

Source of Percent
variation df SS of total
Treatments 6 650.0
Linear 1 71.5 11%
Quadratic 1 482.0 74%
Cubic 1 40.8 6%
Residual 3 55.7 9%

Whenever the treatments consist of a series of dosage levels, an ef-
fort should be made to find some meaningful relation between dosage
and response, rather than resorting to a confusing and almost mean-
ingless multiple comparison procedure.

Factorials

Let us look at another example. This is a 2 X 2 X 2 factorial. In
other words, there are 3 factors, each applied in 2 different ways with
all 8 possible combinations applied. This differs from the previous
example in that no trends are involved. The logical questions to ask
are: What is the effect of each factor? Are there interactions, or in
other words, does the response to one factor depend on the level of
another factor?
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Fig. 1. Linear etfect of 7 dosage rates on plant response.
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It wasn’t these simple questions that were answered in the presenta-
tion of the data. Instead, the main question that was answered was:
Which of the 28 possible pairs of treatment responses differed from
each other significantly? Here is the way the data were presented:

Treatment
combination Response
ABC 10.4b
ABc 8.5b
AbC 15.2ab
Abc 13.0ab
aBC 214a
aBc 18.6ab
abC 22.6a
abc 22.7a

These letters don’t tell us much, but if we partition the treatment
sum of squares into main effects and interactions, we find that factor
A had a highly significant effect, accounting for over 83% of the total
treatment variation. Factor B accounted for another 12%, and there
was no evidence of any effect of factor C or any of the interactions.

Partitioning of treatment sum of squares
in Example 2

Source of Percent
variation df SS of total
Treatments 7 877
Factor A I 730 83%
Factor B | 107 12%
Factor C [ 23 3%
AXB | 8
AXxC I I
BxC 1 3 2%
AXBXxC 1 5

The important facts to present are therefore the main effects of factor
A and B:

Factor Average effect
A 11.8
2 213
B 14.7
b 18.4

Actually, the means of the main effects were presented in a table,
but 4 out of the 6 means were incorrect! Here are the means presented
alongside the individual treatment means:

Individual Main effects
treatment means Calculated Published
ABC 10.4 A 11.8 11.8
ABc 8.5 a 21.3 21.3

AbC 15.2
Abc 13.0 B 14.7 17.8
aBC21.4 b 18.4 15.3
aBc 18.6
abC22.6 C 17.4 20.5
abc22.7 ¢ 15.7 12.6

Unfortunately, mistakes of this kind are not uncommon in the
pages of our journals. What is worse, they are seldom corrected in
subsequent issues. Published papers are the permanent records of sci-
entists’ work, and every effort should be made to avoid presenting er-
roneous results. Tables and graphs should agree, and statements in
the text should be borne out by the presented data.

Itis all too easy to blame mistakes on a secretary, a statistical clerk,
or the computer, but the ultimate responsibility for accuracy belongs
to the authors. Some experimenters act as though operating a calculat-
ing machine is beneath them, and statistical analysis is a menial task
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Fig. 2. Quadratic response of 1 variable to dosage level.

that should be relegated entirely to secretaries or clerks. Their work
often reflects this attitude.

The next example combines both factorial and trend analysis, and
illustrates how interactions can be interpreted and presented. Itisa 2
X 2 X 4 factorial, with factor C consisting of 4 exposure times. Obvi-
ous questions would be: What are the effects of factors A and B? Is
there a relation between response and exposure time? Are there any
significant interactions among the 3 factors?

The question that was actually answered in the presentation of the
data was: Within each level of factor C, which of the six pairs of treat-
ments differed from each other significantly? Here are the results:

Level Level Levelof C

of A of B 0 1 2 3
1 i TJac¢ 92¢ 108 b 134b
i 2 48b 108d 156¢ 292d
2 1 12a 18a 76 a 92a
2 2 18a 58b 90 ab 162¢

A partitioning of the 15 degrees of freedom for treatments tells us
much more about the effects of the various factors and their interac-
tions.

Partitioning of treatment sum of squares

in Example 3
Source of Percent
variation df SS of total
Treatments 15 216,083
Factor A | 44 287 20.5%
Factor B 1 19,927 9.2%
AXB | 817 0.4%
C linear 1 113,274 52.4%
C quadratic 1 2,977 1.4%
C cubic 1 163 0.1%
A X C linear 1 1,717 0.8%
B X Clinear 1 21,094 9.8%
Residual 7 11,827 5.5%

There were only 4 comparisons that were significant, and these
accounted for 92% of the variation among treatments. These were:
the main effect of factor A, the main effect of factor B, the linear trend
of factor C, and the interaction between factor B and the linear trend
of factor C. These results can be summarized graphically (Fig. 3 and
4).

This experiment illustrates another important point. The overall F
value for the treatment sum of squares based on 15 degrees of freedom
is meaningless. This is because it is the average of 4 highly significant
single degrees of freedom and 11 non-significant ones. The idea that
one should proceed no further with an analysis, once a non-significant
F-value for treatments is found, has led many experimenters to over-
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look important information in the interpretation of their data.

Let’s look at one more example. This example consisted of 7 treat-
ments. There was a “*control’’ and 3 levels of a material in the ratio of
2:5:10 applied with and without an additive. It is not my assignment
to criticize design, but good interpretation starts with good design.
This was not a very good design. It was not a complete factorial. A
treatment consisting of the additive alone would have made it so. Fur-
thermore, there seems to be no logical justification for the particular
series of treatment levels chosen. Generally, when studying the rela-
tion between treatment level and response, a series of rates in arithme-
tic progression is the most efficient.

Here is the way the results were presented:

Treatment Response
0Olevel 8la
2level 77 ab
2 level + additive 74 ab
Slevel 67bc
Slevel + additive 66 bc

101evel 50d
101level + additive 56cd

Actually, in spite of the poor design, the experimenter was lucky
and didn’t know it. Partitioning the treatment effects shows that there
was no evidence whatsoever of any effect of the additive, or any inter-
action between additive and level of material.

Partitioning of treatment sum of squares
Example 4, Initial Partitioning

Source of Percent
variation df SS of total
Treatments 6 3,216
Control
vs. others 1 915 28%
Linear among
others 1 2,249 T70%
Additives | 0 0%
Remainder 3 52 2%

This being the case, we can disregard additives and consider the 7
treatments as consisting of 1 treatment at the zero level and 2 treat-
ments each of 3 other levels. We can then carry out a regression analy-
sis, and we find that linear regression accounted for over 98% of the
variability among treatments. This result can be neatly summarized
on a graph (Fig. 5).

Partitioning of treatment sum of squares
Example 4, Final Partitioning

Source of Percent
variation df SS of total
Treatments 6 3,216
Linear 1 3,164 98%
Deviation
From linear 5 52 2%

Partitioning of treatments

In each example I have given, I have mentioned the partitioning of
treatment effects as though the technique for doing this were common
knowledge. Unfortunately, this may not be the case. Over many years
of participation in short statistical refresher courses and seminars for
agricultural research workers, I have made an alarming observation.
Nearly every participant knew how to calculate LSD, and in recent
years, Duncan’s multiple range test. Still, less than 10% knew how to
partition a treatment sum of squares into meaningful comparisons.
This is too bad, for the technique is so powerful and yet so simple.

I am glad to note that in the last couple of years there has been an in-
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Fig. 3. Linear response to factor C at 2 levels of factor A, showing lack of interaction.

crease in the use of this technique reflected in our journals. There may
be several reasons why it is not more widely used. Although it is des-
cribed in nearly all statistics texts, it is usually under some formidable
name such as ‘‘orthogonal comparisons’’, ‘‘orthogonal linear
forms’’, or ‘‘single degrees of freedom.’’ Furthermore, the discus-
sions often tend to be clothed in unnecessarily complex mathematical
jargon and symbolism.

Let’s face it, there is probably another reason why the technique is
not more widely used. People in any profession tend to copy each
other, and horticulturists are no exception. ‘‘Dr. John Doe used Dun-
can’s multiple range test in presenting his results, so that’s good
enough for me.”’

I should hasten to add that there are situations where multiple com-
parison procedures, such as Duncan’s multiple range test, are appro-
priate. Such would be the case when testing a random assortment of
cultivars or chemicals. Even in these cases, the investigator should
ask whether the treatments fall into groups, the comparison of which
would provide important information. Cultivars, for example, might
be classified into those which are resistant and those which are sus-
ceptible to a certain disease, and a comparison made between the 2
groups.

Insignificant digits

For my final comments on the presentation of data, I am indebted to
Dr. M. T. Vittum of Cornell for his suggestions. They deal with false
accuracy in publishing results. The U.S. Coast and Geodetic Survey
plaque at the summit of Mount Whitney is an extreme example. This
shows the altitude to be 14,496.811 ft.! I was chided by an engineer-
ing dean for ridiculing this claim, because, he said, we biologists just
didn’t understand how precisely the engineers could measure things.
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Fig. 4. Linear response to factor C at 2 levels of factor B. showing interaction.
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Fig. 5. Negative linear response to dosage level, disregarding non-significant treatment
factor.

agreed. We biologists-are not entirely blameless in this matter. While
we do not generally go to the extremes in the above example, we do
often pretend that our data are more accurate than they really are. In
making measurements, more than 3 significant digits are almost
never justified. Even in reporting means, only in cases where we are
dealing with material with a very low coefficient of variability, or a
very large number of replicates, are we justified in reporting 4 signifi-
cant digits.

A common cause of reporting results with too many significant di-
gits is the conversion of measurements from English to metric units.
In questioning the results of one paper, I was told that part of the re-
sults had been given in pounds and part in kilograms, and if | would
multiply the error mean square by 0.45359237° =

640

(22]

0.2057460381222169, everything would come out all right! In one
paper, we were told that the rate of application of spray was 1402 lit-
ers/hectare, but the author is at least to be commended for telling us
that this was 150 gallons/acre. In another paper, it was stated that the
turf grass was cut to a length of 0.635 cm. Evidently a mower was
used which was calibrated in quarter-inch increments.

Even statisticians, who should know better, sometimes exaggerate
the accuracy of their statements. For a statistician to tell an experi-
menter that the probability of obtaining an F value greater than that
which was observed is 0.068, is inexcusable. Yet this statement was
made in a recent paper.

Suggestions for improvement

In conclusion, I would make the following suggestions:

1) In planning an experiment, decide definitely what questions
you want to answer, and design the experiment to answer these ques-
tions.

2) In presenting the results, tell the reader what questions the ex-
periment was designed to answer.

3) Interpret the results as answers to the questions you asked in the
beginning.

4) Don’t deceive yourself or the reader with exaggerated claims of
accuracy.

5) Strive to avoid mistakes and inconsistencies in the final presen-
tation. If you take the credit for the paper, the mistakes are yours too!
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80 slides, ASHS 10 - - - - - $52.80
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80 slides, ASHS 6 - - - - - - $52.80
Growing Annual Flowers,

72 slides, ASHS 4 - - ~ - - - $47.52
Pruning Oranmental Trees & shrubs

80 slides, ASHS 3 - - - - - - $52.80

Flower Set Illustrating Families,

206 slides, No. FF-2, Memmler $135.96
Forestry, E. Memmler - Set F-1

60 slides, - - - ----- - - $39.60
Gymnosperms of North America, No. NA-1

89 slides, - E. Memmler - - - - $58.30
Herbs, Spices & Fragrances, ASHS 7

139 slides, - Elmo W. Davis - - $91.74
Indoor landscaping, (House Plants),

92 slides, ASHS 1, F. Cochran - $60.72
Kiwifruit (Chinese Gooseberry), comm.

72 slides, ASHS 26, - - - - ~ $47.52
Land Preparation, Vegetable Crops

46 slides, ASHS 21, R. Brendler $30.36
Landscaping Illustrated, L-~1

117 slides, E. Memmler - - - - $77.22
Leaf Shapes & Nomenclature, LS-1

55 slides, E, Memmler - - - - - $48.40
Lemon Production and Care, R. Burns

75 slides, ASHS 22, - - - - - - $49.50

Lily Hybridizing Techniques, No. LH-1
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Major Types of Plant Communities,
32 slides, No. PC-1, E. Memmler $26.40
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137 slides, F. Gouin & J. Williams
Strawberry fruit Production, No. 96

35 slides, B. Lee, - - - - - - $23.10
Strawberry Nursery Plant Production

62 slides, No. 961, B. Lee - - $40.92
Sugar Cane Production, ASHS 158

20 slides, John E. Bowen - - - $13.20
Tissue Culture, Nurseries, ASHS 14

92 slides, Toshio Murishige - - $60.72
Tomato Production & Packing, ASHS 9

73 slides, R. Brendler, - - - - $48.18
Turf Grass Production, No. 157

40 slides, R. Brendler, - - - - $26.40

Horticulture Is, ASHS 11, 80 slides,
25 folders, Francis Gouin - - - $55.00

These slide sets are the result of coop-
erative efforts of members and friends of
the ASHS. For more information and to
learn how you too may join in on the ASHS
Slide Production Program write to Eugene
Memmler.

PRICES are subject to change without
notice.

Orders outside the United States:-
Payment MUST accompany the order + 20%
for Air Postage. Orders originating and
shipped to points in the U. S. purchase
orders are accepted. Orders over $20.00
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Reprinted from June 1981 HortScience 16(3):261-266, 6 p. Single copies free with self-addressed, stamped envelope,
quantity price $20.00 per 100 copies.

Horticulture Is... Food, Flowers, Fun, Fulfillment. 1978. 6 p. circular. (Elementary and junior high school age level.) Sin-
gle copy free with self-addressed, stamped envelope; up to 15 copies free to guidance counselors; quantity price $15.00
per 100 copies.

Symposium and Workshop Separates and Special Reprints from HortScience (see list and prices below):

1. Accreditation and Standards: Pro and Con. 1968. HortScience 3(1):25-36. 12 p. (§1.00)

5. Mechanized Growing and Harvesting of Fruit and Vegetable Crops. 1969. HortScience 4(3):229-244. 16 p. ($1.00)
8. Quality in Vegetables. 1970. HortScience 5(2):93-108. 16 p. ($1.00)

9. Pollutant Impact on Horticulture and Man. 1970. HortScience 5(4):235-254. 20 p. ($1.50)

11. Horticultural Education. 1970. HortScience 5(6):493-508. 16 p. ($1.00)

12. Environmental Factors in Vegetable Production. 1971. HortScience 6(1):21-36. 16 p. ($1.00)

13. Breeding Fruit Crops for Adaptation to Warm Climates. 1971. HortScience 6(2):143-162. 20 p. ($1.50)
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27. Integrated Pest Control and the Environment. 1974. HortScicnce 92):127-134. 8 p. ($0.50)

28. Horticultural Education for Foreign Students. 1974. HortScience 9(3):2059-216. 8 p. ($0.50)

29. Potentials for Rootstock Breeding. 1974. HortScience 9(4):355-374. 20 p. ($1.50)

32. Horticulture and the GRAS Program. 1975. HortScience 10(3):239-250. 12 p. ($1.00)

33. Monitoring Air Pollutants on Horticultural Crops. 1975. HortScience 10(5):489-504. 16 p. (§1.00)

34. Handling Tropical Crops After Harvest. 1976. HortScience 11(2):119-130, 12 p. ($1.00)

35. Comparing Treatment Means: A Compendium, by Victor Chew. 1976. HortScience 11(4):348-357, 10 p. (51.00)

36. Genes of the Cucurbitaceae, by R. W. Robinson, H. M. Munger, T. W. Whitaker, and G. W. Bohn. 1976. lHortScience

11(6):554-568. 15 p. ($1.00)

37. Energy Alternatives and Conservation for Greenhouses, by Merle H. Jensen. 1977. HortScience 12(1):14-24
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38. Interdisciplinary Research Programs. 1977. HortScience 12(1):33-37. 5 p. ($1.00)

40. Growth Regulators and Fruit Crops: Some Fundamental Considerations. 1977, HortScience 12(3):211-224. 14p.(52.00)
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44. Relative Humidity — Physical Realities and Horticultural Implications. 1978. HortScience 13(5):549-576. 28 p. ($2.00)

45. Apple Tree Photosynthesis: A Coordinated Review. 1978. HortScience 13(6):640-652. 13 p. ($2.00)

46. Communication Systems and Techniques. 1978. HortScience 13(6):653-658. 6 p. ($1.00)

47. Increasing the Biological Efficieny of Vegetable Crops. 1979. HortScience 13(6):671-686 16 p. ($2.00)

48. Energy: Alternate Sources and Conservation in Greenhouses. 1979. HortScience 14(2):145-160. 16 p. ($2.00)

49. Nutritional Quality of Fruits and Vegetables. 1979. HortScience 14(3):243-258. 16 p. ($2.00)

50. Historical Reviews, 1903-1978. 1979. HortScience 14(3):293-376, 84 p.($3.50)

51. Methods of Screening Progeny in Breeding Programs for Stress Tolerance. 1979. HortScience 14(5):583-593. 11 p. ($2.00)

52. Sensory and Objective Evaluation of Horticultural Crops. 1980. HortScience 15(1):45-66. 22 p. ($2.50)

53 Izlging (l;izursl(i)c)ipal and Agricultural Waste for the Production of Horticultural Crops. 1980. HortScience 15(2): 159—178.
p. ($2.

54. Plant Microclimate and Stress. 1980. HortScience 15(5):615-634. 20 p. ($2.50)

55. Seed Quality: An Overview of its Relationship to Horticulturists and Physiologists. 1980. HortScience 15(6):763-790.
28 p. ($3.00)

56. Adaptation to Water Stress in Plants. 1981. HortScience 16(1):23-38. 16 p. ($2.00)

57. Utilization of Germplasm. 1981. HortScience 16(2):141-155. 15 p. ($2.00)

58. Improving Relationships between Ornamental/Landscape Horticulture and Allied Professions. 1981. HortScience
16(3):267-277. 12 p. ($2.00)

PLEASE NOTE: Payment MUST accompany all orders. Prices include postage.
Send orders and remittance to:
AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE
701 North Saint Asaph Street
Alexandria, Virginia 22314, USA

/0’ #7/PU-ou-Aq/sasua9l|/610 suowooaAeal0//:sdny (/0" #/pu-ou-Ag/sesual|/Bio’suowwooaAnealo//:sdiy) asuaol|
AN-DN-AL DD 8y} Japun pajnguisip ajole ssaooe uado ue si siy| "Sse00y uadQ BIA |0-60-5Z0Z 1e /woo Alojoejgnd poid-swinid yiewssyem-jpd-swiid//:sdiy wodj pspeojumoq





