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Why Statistics?

There are at least three reasons why a working knowledge 

of statistics is needed in wood composite research. First, 

mechanical or physical properties, being structure-sensitive 
properties, frequently exhibit considerable variability 

or scatter. Therefore, statistical techniques are useful 

and often even necessary, for determining the precision 

of the measurements and for drawing valid conclusions 

from the data. The statistical methods which apply in. 

wood composites are in general no different from the techniques 

which are used for analysis of data in other areas of 

engineering and science. Wood composite is one of the 

areas of science and technology where large numbers of 

data are likely to be encountered, and therefore, it is 

a logical place in which to introduce the elements of 

statistical analysis of data to wood scientists and 

technologists who had no other training in the subject.
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A second reason for considering statistics in conjunction 

with wood composite is that statistical methods can assist in 

designing experiments to give the maximum amount of infor

mation with the minimum of experimental investigation, 

finally, statistical methods based on probability theory could 

be developed to explain certain probltems in wood composite 

mechanics. For example, the size effect and fatigue of

wood composites could be explained based on the statistical 
theory.

It is recognized that the material which can be included 
in a short note can hardly consist of more than an 

introduction to this subject. In order to cover the 

greatest amount of ground, no attempt has been made to 

include the mathematical niceties which are usually 

a part of statistics books. Instead, emphasis has been 

placed on showing how statistics can be put to work.

ERRORS

The act of making any type of experimental observation 

involves two types of errors, systematic errors (which 

exert a nonrandom bias), and experimental or random 

errors. Systematic errors arise because of faulty control 

of the experiment. Experimental or random errors are due to 

limitations of the measuring eguipment and to inherent
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variability in the material being tested. By averaging 

number of observations the random error will tend to 

cancel out. The systematic error, however, will not cancel 

upon averaging. One of the major objectives of statistical
analysis is to deal quantitatively with random error.

*
SAMPLES AND SAMPLE SIZE

When an IB specimen is cut from a waferboard which is well 

controlled in variables and the IB is determined for this 

specimen, the observation represents a sample of the 

population from which it was drawn. The population, in 

this case, is the collection of all possible thickness IB 
specimens which could be cut from this board or from 

all other board which are made in identical conditions.

As more and more specimens are cut from the identical boards 
and the IB are measured, the sample estimate of the 

population values becomes better and better. However, 

it is obviously impractical to sample and test all boards. 

Therefore, one of the main purposes of statistical techniques 
is to determine the best estimate of the population 

parameters from a randomly selected sample. The approach 
which is taken is to postulate that for each sample the 

population has fixed and -invariant parameters. However, 

the corresponding parameters calculated from samples 

contain random errors, and therefore the sample provides 

only an estimate of the population parameters. It is for 

this reason that statistical methods lead to conclusions 
having a given probability of being correct.
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It is not uncommon that prior to taking a sample we 

should like to know how large a sample will be required 

in order that we may estimate the mean with specified 

precision, as measured by the width of the confidence 

interval. We might ask ourselves, for example, how 

large a sample we must take to be 95% condifent that the 

sample mean will not differ from the true mean by more 

than 2.5 units. This is the same as saying that the 95% 

confidence interval should not exceed 5 unit in width, 

or that the half-width should not be greater than 2.5 
units.

We know, for a given degree of confidence, the width 

of the interval depends upon the variance <s2 and the 

sample size ^ . If the variance is known, the half-width 
of the interval is

d =

Hence, for given d and a and known 6 we may solve

for n , the sample size. For example, suppose we know that 

a certain type of measurement has a standard deviation 

of 10 units, and that we want to take a sample large 

enough so that the 95% confidence interval for the
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mean will not be greater than 5 units in width, we have, 

then, d= 2.5, 6 = 10, t0.05 • = 1.96

and 1.96 (10) _

/n

/ n~ = 7 . 8  k

n =60.8 or 61

When the variance is not known and must therefore be 

estimated, the procedure is similar.

STATISTICAL DESIGN OF EXPERIMENTS

The greatest benefit can be gained from statistical 

analysis when experiments are planned in advance so 

that data are taken in a way which will provide the most 

unbiased and precise results commensurate with the 

desired expenditure of time and money. This can 

best be done through the combined efforts of a 

statistician and the researcher during the planning stage of 

the research project.

There are three basic principles of experimental 

design: replication, randomization and local control.
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Replication provides an estimate of experimental error which 

can be used for assessing the significance of observed 

differences. That is, replication makes a test of 

significance possible. Randomization makes the test 

valid by making it appropriate to analyze the date 

as though the assumption of independent errors is true.

Local control refers to the emount of balancing, blocking, 

and grouping of experimental units. It makes the experi

mental design more efficient.

TESTS OF SIGNIFICANCE
An important feature of statistical analysis is the 

ability, through tests of signficance, to make 

comparisons and draw conclusions with a greater 

assurance of being correct than if the conclusion had 

been based only on intuitive interpretation of the data.

Most of the common statistical tests of significance are 

based on the use of the normal distribution, so that 

it is a distinct advantage if the test data confirm 

to this freguency distribution. A common problem 
which is readily treated by mean of tests of significance 

is to determine whether the means and/or standard 

deviations of two samples drawn from essentially the 

same population really differ significantly or whether 

the observed differences are due to random chance. In 

statistics the term significant difference is used much
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more precisely than in everyday usage. In determining 

whether or not two statistics are significantly different 

it is always necessary to specify the probability of the 

test predicting an erroneous conclusion. This is known 

as the level of significance. For example, if the test 

of significance is made at the 5 per £ent level of 

signficance there is 1 chance in 20 that an erroneous 

conclusion would be reached by the test.

DIFFERENCE BETWEEN TWO SAMPLE STANDARD DEVIATIONS 

It is often of interest to know whether or not the 
variability of one set of measurements differs signficantly 

from that of another set of data. For example, it may be 

important to know whether or not a certain type of 

adhesive shows more scatter in strength than another 

one or whether or not the scatter is significantly 
different due to high and low temperature press conditions. 

The test of signficance which is used for this situation 

is the F test.

Let SI be the standard deviation for a sample size n, 

from the first population, and let S2and n2 be the same 

terms for the second population. The following ratio
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is determined, value SI > 52 :

51
F = ----

52

The F ratio obtained from Eg. (1) is compared with
*

tables of the F distribution. The table is based on 

the number of degrees of freedom, which for this case 

is one less than the sample size (i.e. the d.f.=n -1 

for numerators and d.f = n 2_1 for denominator). If 

the ratio calculated in Fig (1) is greater than the F 

ratio obtained from the table, the two sets of 
standard deviations are significantly different at the 

chosen level of significance. Note that, as the level 

of significance is raised (less risk of making an 

erroneous decision), the greater must be the F ratio 

determined from Fig (1). For example, for n,=n2= 21, 

the F tables give 2.12 at the 5 per cent level and 2.94 

at the 1 per cent level of significance.

DIFFERENCE BETWEEN TWO MEANS

Sample Standard Deviations Not Significantly Different:

If the F test shows that the standard deviation of the 

two samples are not significantly different, the following
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procedure can be used to determine whether or not 

there is a significant difference between the means 
of the two samples , and :

(a) the variance of the two samples in common should
be determined: *•

cj2 _  • ( n - j )  S 1  2  +  ( r > 2 -  1 )  S ^
n-j +  n 2  - 2

(b) a value for the t statistic can be determined:

S(1/n, + l/n2) 2
If the value of t determined from Eg (2) is greater than the 

value obtained from tables of the t distribution at the specified 

level of significance and with the degrees of freedom equal to 

n1+n2~2' There is a significant difference between the means.

SAMPLE STANDARD DEVIATIONS S IGNIEICANTLV DIFFERENT:

If the F test shows that the standard deviations of two 

samples are significantly different, it is not correct to 
determine a common variance. Then

t =

c =

V X2
(Sl2/ni + S 2 2/n 2)^

SI 2/n 1
Sl2/ni + S22/n2

d . f. =

n1 -1

( 1 - c ) 2

n „ -12

-1

(z )

These statistical tests of significance deal only with 

the analysis of a single factor at two different levels.
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REGRESSION ANALYSIS
The term regression is used in statistics to refer to
the determination of a functional relationship between

one or more independent variables Xi and a dependent

variable Yj_ . Regression techniques are ordinarily used

where it is assumed that a fixed but unknown relationship
«

exists between the X and Y populations but, the random 

errors in measurement prevent a reliable determination of 

the relationship by inspection.

The simplest case of regression is the method of least 
squares. The line which results from the analysis has the 

property that the sum of the squares of vertical deviations 

of observations from this line is smaller than the 

corresponding sum of the squares of deviations from any 

other line. Multiple regression, where there are two 
or more independent variables in the regression equation, 

is an extension of the method of least squares, and 

curvilinear regression, where a curve line is fitted 

to the data, is a further refinement.

USES OF REGRESSION
In addition to the use of a regression analysis 

in order to estimate the parameters of the functional 

relationship between two or more variables and to test
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hypotheses concerning these parameters. There are 

several other applications that are of great importance 

in practical problems. Four common uses of regression

analysis are briefed as follows:
(1) First common use is to fit a regression line and to

%
obtain a prediction equation. For a given value of X, 

the corresponding mean of Y can be predicted with some 

degree of confidence.
(2) Second common use is for statistical 'control of a 

variable that cannot be controlled otherwise, or which we 

do not care to control for practical reasons. Instead, we 

merely record values of X at the same time we observe Y 

and then adjust all the Y's to a common X.
(3) Third common use is to fit a regression of Y on X and 

then observe values of Y and want to estimate the value

of X that produced the observed Y.
(4) Fourth common use is to find a model for the relationship 

between several variables.

COEFFICIENT OF CORRELATION (r) AND COEFFICIENT OF 

DETERMINATION (r2)
Coefficient of correlation r is a measure of the linear 

association in the sample. "-1" represents perfect 

negative linear association in the sample. A value of 

0 is interpreted to mean that no linear association 

between two covariables in the samples . Since Y is
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only a sample value, any reference to the sampled 

population must be carefully stated.
Coefficient of determination is the square of the correlation

between the observed value of dependent variable and the

predicted value, and the fraction of the variation in the
%

value of dependent variable that can be explained by the«
straight line prediction equation.

ANALYSIS OF VARIANCE
The analysis of variance can be roughly defined as a 
statistical technique for analyzing measurements depending .. 

on several kinds of effects are important and to estimate 

the effects. It is an arithmetic device for partitioning 

the total variation in a set of data according to the 

various sources of variation that are present. According 

to the number of factors involved, the analysis of variance 

can be classified as one-way, two-way, and higher-way 

layout. Two or higher-way layout can determine not only 

the main effect due to the factors but also the interaction 

effects.

ANALYSIS OF COVARIANCE
The analysis of covariance is a statistical technique 
combined regression analysis and the analysis of variance to handle 

particular problems. It is a very useful technique in 

wood composite study. Unfortunately, it has not been widely

-  12  -

used .
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For example, we are interested in the effects of various 

resin contents on the MOR of waferboard in one planned 

density. The MOR are tested and analyzed and the 

differences among the effects of various contents may or 

may not be significant. However, we know that the actual 

specimen density always deviate from tji e planned density 

and the density vary with specimens. Therefore, we might 

adjust the MOR of each specimen according to 
the associated density and then analyze and interpret 

the experimental data by means of analysis of covariance.

MULTIPLE PAIRWISE COMPARISON
If the hypothesis is rejected in actual applications 

of F-test for equality of means in the analysis of 
variance, the resulting conclusion that the means are 

not equal would, by itself, usually be insufficient to 

satisfy the experimenter. Methods of making further inferences 

about the means are then desirable. Simple answers to 

the question of what further inferences can be made about 

the means are offered by the method that proposed 

by Scheffé (Of course, there are some other methods 

that could be used too). This method has certain 

advantages - (1) it is closely related to the concept of 

a contrast, (2) it uses tables that are widely available 

(i.e. F-tables), and it is easy to use.
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For pairwise comparison the method proposed by Scheffé 

can be outlined as follows:

( a )

(b)

(c)

Calculation of a pairwise contrast C1j for two

different treatments

C1 j = Cj Ti - Ci Tj *.

where Ci= No of sample size of Treatment i

Cj= No of sample size of Treatment j

Ti= Sum of observation of Treatment i

T j = Sum of observation of Treatment j

Calucaltion of the estimated variance of a contrast.

V(Cij) = ( C j ; (CiS2 ) + (-Ci? (Cjï? )
2where: S is the experiment error mean 5 S (i.e. MSe) 

Calculation of a calculated contrast 

A jV (Ci j ) j % = (t - 1) F(i_a ) (v-pv^* [v(Cij)]2 

where A =(t-l) F (i_ a ) (v-) v2)

V1 = (t-1)
V2 = d.f. of experimental error 

(d) determination of significance 

as | Ci j I > A[V (Ci j J] ^

We conclude that the difference between the effects 

of treatment i and treatment j is statistically different.



LIST FOR PLANNING TEST PROGRAMS

A. Obtain a clear statement of the problem

1. Identify the new and important problem area
2. Outline the specific problem within current limitations
3. Define exact scope of the test program
4. Determine relationship of the particular problem to the whole research or 

development program

B. Collect available background information
1. Investigate all available sources of information
2. Tabulate data pertinent to planning new program

i

C. Design the test program
1. Hold a conference of all parties concerned

a. State the propositions to be proved
b. Agree on magnitude of differences considered worthwhile
c. Outline the possible alternative outcomes
d. Choose the factors to be studied
e. Determine the practical range of these factors and the specific levels 

at which tests will be made
f. Choose the end measurements which are to be made
g. Consider the effect of sampling variability and of precision of test 

methods
h. Consider possible inter-relationships (or "interactions") of the factors
i. Determine limitations of time, cost, materials, manpower, instrumentation 

and other facilities and of extraneous conditions, such as weather
2. Design the program in preliminary form

a. Prepare a systematic and inclusive schedule
b. Provide for step-wise performance or adaptation of schedule if necessary
c. Eliminate effect of variables not under study by controlling, balancing 

or randomizing them
d. Minimize the number of experimental runs
e. Choose the method of statistical analysis
f. Arrange for orderly accumulation of data

3. Review the design with all concerned
a. Adjust the program in line with comments
b. Spell out the steps to be followed in unmistakable terms



D. Plan and carry out the experimental work
1. Develop methods, materials and equipment
2. Apply the methods or techniques
3. Attend to and check details; modify methods if necessary
4. Record any modifications of program design
5. Take precautions in collection of data
6. Record progress of the program

E. Analyze the data
1. Reduce recorded data, if necessary, to numerical form
2, Apply proper mathematical statistical techniques

F. Interpret the results
1. Consider all the observed data
2. Confine conclusions to strict deductions from the evidence at hand
3. Test questions suggested by the data by independent experiments
k. Arrive at conclusions as to the technical meaning of results as well as 

their statistical significance
5. Point out implications of the findings for application and for further work
6. Account for any limitations imposed by the methods used
7. State results in terms of verifiable probabilities

G. Prepare the report
l. Describe work clearly giving background, pertinence of the problems and 

meaning of results
2. Use tabular and graphic methods of presenting data in good form for future 

use
3. Supply sufficient information to permit reader to verify results and draw 

his own conclusions
4. Limit conclusions to objective summary of evidence so that the work 

recommends itself for prompt consideration and decisive action


