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ABSTRACT
USE OF PROGRAMMABLE CALCULATORS FOR
ANALYSIS OF STATISTICAL DATA
By

Henrigue Soares Koehler

From the alternative computational processes avail-
able, researchers in the United States predominantly use
computerized programs to analyze experimental design data.
However, in developing nations, such computations are usu-
ally either done by hand or at centrally located computer
centers. Under such conditions, programmable calculators
offer a highly flexible alternative.

A set of 18 programs was developed for a programmable
calculator, the Texas Instruments TI-59, to allow users to
analyze different classical experimental designs. The pro-
grams that already exist for such analyses were revised and
implemented in crder +to make them conformable with the

machine procedures suggested in this work.
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CHAPTER I

INTRODUCTION

Students, teachers, and researchers who must analyze
data have to consider alternative computational procedures.
These procedures include computer programs, turning the
analysis over to someone else at a central computer loca-
tion, sending the data to a larger distant center to be
processed, or performing the analysis by hand.

The use of large statistical computer packages for
statistical analyses is not widespread in Brazil. Most re-
searchers still do not have access to computers, although
usage is increasing rapidly.

Statistical analysis is an activity that one cannot
afford to turn over to other people. This phase of the re-
search process, depending on the amount of data and complex-
ity, can be done on programmable calculators. By doing so,
the researcher avoids errors that may occur when other peo-
ple handle the data, achieving a higher degree of reliabil-
ity.

Programmable calculators are equipped with a large
number of programs covering a wide range of applications,
including different statistical analyses. However, for

specific types of analysis, such as analysis of variance



for different types of experimental designs, only a few
restricted programs exist. The objective of this study is
to provide a set of programs that will allow the user to
analyze classic experimental designs using a portable,
easy-to-handle, and relatively inexpensive electronic pro-
grammable calculator.

For thousands of years only a few relatively primi-
tive machines were available to count, measure, and perform
simple mathematics. From the oriental abacus of the 6th
century, B.C., up to the invention of the first actual ma-
chine by the French scientist-philosopher, Blaise Pascal,
in the 17th century, few advances or improvements were made.
In 1671, Gottfried Leibniz invented a more advanced machine
which could add, multiply, divide and extract sgquare roots.
Charles Babbage, during the 1800's, unsuccessfully tried to
improve calculating machines by using punched-card automa-
tion systems as a way to store data and operations to be
performed. The beginning of the 20th century was marked by
the appearance of both the first electric card reader for
data processing and the electromechanical calculator (19253).
In 1963, the prototype of the electronic calculator was pre-
sented for the first time in Boston (Sippl, 1978).

The reduction in size of the central processing unit
(C.P.U), the principal componen:t of all computers, made
electronic calculators accessible to the general public.
Electronic calculators have advanced to the stage where

current programmable calculators perform many of the



functions once restricted to computers. Properly pro-
grammed, they readily solve problems where they happen,
when they happen. In addition, such calculators are
simpler to operate, less expensive to acquire and main-
tain, are directly accessible, and do not require special
programming languages.

Programmable calculators help users to cope with
large amounts of data with increased speed and accuracy,
eliminating long and tedious manual calculations. They
can easily replace computers for a wide range of repeti-
tive and complex calculations. Considering the cost, the
ease of use, and the operational advantages, programmable
caluclators can be viewed as a favorable alternative method
for handling statistical analyses, especially the analysis
of variance.

For developing countries, where funds for egquipment
constitutes a major problem, statistical analysis is in-
feasible or impractical by computers. The analytical pro-
grams developed in this study will provide an alternative
way to quickly and accurately perform statistical analyses

on classical experimental designs.



CHAPTER II

LITERATURE REVIEW

This review is primarily concerned with the use of
programmable calculators for statistical analyses, with
special emphasis on the analysis of different experimental
designs. In conducting this review, it was found that a
limited amount of literature exists in this specific field.
The relatively short time that these calculators have been
on the market, and the fact that their application to sta-
tistical analyses still does not constitute an acceptable
topic for publication in statistical journals, may explain
why more literature is not available.

Sippl (1978), in an excellent book, has summarized
much of the recent information on programmable calculators.

References for specific applied fields are already
available. Smith (1975) and Aronofsky et al. (1975), re-
spectively, presented techniques for numerical methods and
business applications. Little and Hills (19278), and Sokal
and Rohlf (1969), in their statistical methods books, pro-
vide instructions for the use of pre-programmed calculators
to simplify calculations in statistical analysis. Papers

related to programmable calculators can be found in



professional journals dealing with specific areas, but
much ¢cf the available material has been issued by calcu-

lator manufacturers.

Applications of Programmable Calculators

The programmable calculator, as an intermediate-
level computational device, has been used in different
scientific fields. Killingback (1976, 1977) reviewed the
use of pocket electronic calculators in simple scientific
calculations, with emphasis on methods of computations
feasible even with the simple four-function calculator.
The latter paper discusses the uses of more advanced
models, describing the functions available and giving
some simple examples which the reader can apply to his
own machine. Much of Killingbacks' work is devoted to
the use of programmable calculators in physics. Noble
(1964) and Scraton (1965) introduced some numerical meth-
ods solution, such as Lagrange interpolation and Runge-
Kutta solution, using electronic calculators.

Sullivan (1976) explored the use of calculators as
a teaching instrument. He conducted classroom trials of
hand-held calculators with two sixth-grade classes to in-
vestigate how (and if) calculators could enrich, supple-
ment, support and motivate daily mathematics lessons.
Schnur (1976) and Mastbaum (1969) used programmable cal-
culators in teaching mathematics for high school students.

Basic applications of programmable calculators for



business and financial analyses are discussed by Smith
(1976) and Aronofsky et al. (1978).

Randall (1976) discussed the pocket calculators'
place in statistical analyses and statistical education.
He highlights some of the problems that might occur when
statistical analyses are performed with statistical pack-
ages on large computer systems, and recommends program-
mable calculators as an alternative analytical procedure.
He also mentions that a research worker having data to
analyze could find that turn-around time on the computer
(including time for consultation on the package employed,
punching and verifying) is such that analysis could profit-
ably have been done by using a calculator.

General Characteristics of Electronic
Calculators

The selection of a calculator is closely related to
its characteristics. Murphy and Chalmers (1973) discussed
calculator characteristics, operational conditions, price,
purpose, service and reliability. They also analyzed
hardware and programming features. In their opinion, one
necessary feature of a programmable calculator is the ca-
pacity to record programs. They point out that entering
a long program via keyboard each time it is required is
tedious, time-consuming and subject to errors. As a min-
imum reguirement for its use in simple statistical calcu-
lations, they stated that a calculator should be able to

accumulate simultaneously the sum and the sum of squares



for one variable. For advanced and repetitive calcula-
tions, a programmable calculator is reguired. They advise
a minimum of six memories and fifty program steps for gen-
eral statistical work.

A general and complete classification system for
calculators is given by Sippl (1978). He classifies cal-
culators by class (hand-held, desk-top, and computing),
types (four-six function, preprogrammed, and programmable),
memory types (intermediate, addressable, and automatic
input-output storage), logic types (arithmetic, algebraic,
and reverse polish notation), software and peripherals.
Mins (1976) classifies programmable calculators, according
to their programmability, as elementary, intermediate or
full., Free (1976), Gilbert (1976), and Mins (1976) dis-
cuss and analyze the most recent models of programmable
calculators on the market.

One cause of controversy among different authors is
the notation system used by different brands of calcula-
tors. Ball (1975) after and evaluation of different algo-
rithms, concluded that reverse polish notation (RPN) was
better than algebraic notation, but stated that his choice
was a subjective decision. Mins (1976) on the other hand
considered algebraic entry the simpler of the two, only be-
cause it follows the familiar method in which the problem
is written. Both authors agree that the reverse polish
notation requires fewer keystrokes, which is an important

advantage when writing long programs. Mins (1976) also



points out that reverse polish notation reguires a longer
learning period.

Mins (1976) stated that the only practical device to
follow when considering buying a programmable calculator is
to speak to people who own programmable calculators to get
their personal reactions. Sippl (1978) presents a list
of 14 functions that calculators should have, to give the
programmer enough flexibility to perform more complicated
calculations. The calculator's intended use is considered
to be one of the most important decision factors when se-

lecting a particular type of calculator.

Available Software

Software is used to both read in and read out data
and program instructions from or to the memory of a compu-
ter or calculator. The software in programmable calcula-
tors usually consists of a magnetic tape strip, a magnetic
card strip, or a tape cassette. Practically all program-
mable calculators now have a software commitment for pre-
prepared, prepackaged program libraries in both general and
specific areas.

Calculator producers also maintain user libraries as
a customer service. These libraries provide users with
additional material through program exchange clubs. Cata-
logs of the programs available are provided and consti-
tute the main source of information of new developments.

Programs for a wide range of applications can be



found in the calculators' and users' libraries. Statis-
tics, mathematics, engineering, business, medicine, phys-
ics, surveying, navigation aviation, natural sciences,
biclogy, and leisure programs are available.

Within the statistical field, programs are avail-
able for basic statistics, histograms, random number gen-
erator, normal and inverse normal distributions, F distri-
bution, multiple linear regression, moving averages, curve
fits and combinations, permutations and factorials.

Within professional fields few statistically related
programs are available. Blaedel and Iverson (1976) devel-
oped a program for calculating the confidence limits for
least squares straight line. Guenther (1977a) discussed
the use of programmable calculators to compute distribu-
tion functions and concluded that generally calculators
provide more information than voluminous tables. The
same author (1977b) demonstrated that a programmable cal-
culator can be used to quickly and accurately calculate
probabilities for the distribution of the sample correla-

tion coefficient.

Available Statistical Programs

A limited number of programs for analyzing experi-
mental design data by analysis of variance are available.
Software for both the Texas Instruments TI-59 and the
Hewlett Packard HP 97/67, the most sophisticated calcula-

tors on the market, contain programs for one-way analysis
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of variance, moments, skewness, kurtosis, and for paired
or unpaired t-tests.

For both calculators, the one-way analysis of vari-
anrce program accepts any number of treatments and replica-
tions and generates a complete analysis of variance table.
The program for two-way analysis of variance in both cal-
culators reguires the data to be entered twice, once by
rows and once by columns. For the TI-59, the number of
columns plus the number of rows cannot exceed 15 because
the data are entered in a separate program. For the HP
97/67, there are no restrictions. The complete analysis
of variance table is generated by both programs. The
HP 97/67 also has a program generating the complete anal-
ysis of covariance table for completely randomized designs.
No limitations on the number of treatments or replications
are imposed.

In the TI-59 users' library, several programs are
available for different analyses of variance. Molina
(1977) developed a program for randomized complete block
designs, for any number of treatments or replications.

One drawback of the program is that the data must be en-
tered twice, by both rows and columns. The same kind of
analysis, called a two-way analysis of variance, is pro-
vided by Hayashi (1977). Ziegelmiller (1977) programmed a
two-way analysis of variance (without replication), fol-
lowing the procedure given by Sokal and Rohlf (1969).

This program also performs an analysis of variance for
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randomized complete block designs. Any number of treat-
ments and replications can be used. The program generates
an estimate for a single missing observation, automati-
cally updates the appropriate sums, degrees of freedom, and
adjusts the sum of squares.

Cox (1977) developed a program for the TI-59 to per-
form an analysis of variance for two treatment factors
arranged factorially in a completely randomized design.
The data are entered only once, and there are no limita-
tions on the number of treatment combinations and repli-
cations. This program can also be used for the analysis
of variance for randomized complete block designs, but some
manipulation of results is necessary to get the correct
answers.

Programs to handle latin square designs, factorial
designs, and split-plot designs are also available in the
users' library. Barker (1978a, 19278b, 1978c, 1978d) pro-
grammed analyses of variance for latin square designs with
up to 10 treatments, as well as for two types of split-
plot designs, and a three factor factorial. For the first
split-plot analysis any number of main-plot factors, and
a maximum of 10 sub-plot factors, and up to 9 replications
may be used. The second analysis involves split-plot de-
signs where time is the split-plot factor. The maximum
number of levels for the main-plot factor is five, with
any number of levels for the sub-plot factor, and up to

five replications. The three factor factorial program
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allows any number of levels for the first factor and up
to 4 levels for the others. A maximum of eight replica-
tions can be used and the data is entered only once.
Programs to calculate basic statistics along with
analysis of variance are also available in the users'
library. Patterson (1978a) developed a program to calcu-
late mean, standard deviation, coefficient of wvariation,
standard error, coefficients of skewness and kurtosis, as
well as standard errors for treatment means in one-way
analysis of variance. The same author (1978b) developed
another program that allows the user to compute a complete
one-way analysis of variance using the sample size, mean,
and standard deviation of each treatment. Lathan (1978)
developed a program to calculate arithmetic, geometric
and harmonic means, the second, third and fourth moments,
and the coefficients of skewness and kurtosis for grouped

and ungrouped data.



CHAPTER III

DESCRIPTION OF THE STUDY

Capabilities and components of several calculators
were compared, and from the models currently available a
programmable calculator was selected.

Having defined the type of calculator that would be
used, all characteristics of the calculator were studied
to determine the strategy that should be applied to fulfill
the study's objectives as well as to define the limita-
tions which the calculator would impose on the proposed
studv. The software already available for the calculator
was studied and programming technigques and general program
structure determined.

Finally, the types of statistical analyses that

could be programmed were selected, programmed and tested.

Calculator Selection

According to the classification given by Sippl (1978),
the type of calculator to be used in this study should be
hand-held, advanced-programmable with indirect storage,
algebraic or reverse polish notation, with simple formula
software, and with an optiocnal printer.

Bearing in mind the objectives of the study, the

13
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calculator chosen should be portable, easy to handle, and
capable of working in conditions where electrical power is
not available. An essential requirement is that it be
programmable, i.e., that it be able to accept a set of in-
structions in specific order to be executed at one's will.

Once a programmable type of calculator was decided
on, the next decision concerned the number and type of
data registers. One of the most common sources of errors
in statistical analyses is data manipulation. The data
storage capability should keep this manipulation to a
minimum. The calculator should be able to store and re-
trieve a reasonable amount of data by either direct or in-
direct access, the latter being preferred. This feature
would greatly simplify some of the programming techniques.

The type of notation used by the calculator was of
little concern; notation is a matter of personal prefer-
ence although it implies some differences in programming.
Algebraic notation keys in a problem just as it would be
stated, as opposed to RPN. For example, in algebraic no-
tation we say "two times four equals eight," while with
reverse polish notation, we would say "two and four mul-
tiplied." This is an oversimplification, but hopefully
it points out the fundamental difference. I have worked
with both types of notation, and I believe that either
system can be easily operated with experience.

It was also desirable that software be available

for the calculator. Software here is defined as programs
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currently sold with the calculators. The availability of
software implies stronger reliability, and at the same
time indicates the sophistication of the calculator as
well as its degree of complexity and capability. By an-
alyzing the available software, I was able to preciselv
define my programming strategies and program structure.

An optional printer unit would be useful, since it
facilitates programming and editing. It represents an
additional cost, but its editing and program listing
capabilities reduces the probabilities of errors, justify-
ing its use.

The calculator should also be able to record programs
and data by some device so that the user will not need to
key in an entire program each time it is used. Otherwise
most of the advantages of using a programmable calculator
are lost.

Considering all aspects, two calculators qualified
+0 be used in the study: the Texas Instruments TI-59 and
the Hewlett Packard HP-97. The Texas Instruments TI-59
was chosen due to the following advantages and technical
capabilities:

1. The cost of the TI-59 with its printer unit is

half the price of the HP-97.

2. The data register (memory) capacity of the TI-59

is four times greater than that of the HP-97.
Also all registers are directly accessible, un-

like the HP-97.
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3. The maximum number of program steps of the TI-59
is also four times greater than the maximum num-
ber of steps in the HP-97, allowing more flexi-
bility in programming.

4., The TI-59 can be used as either a portable pocket
calculator or as a desk top unit when the printer
is attached. The HP-97 is too large to be easily
portable.

All other technical aspects are quite similar in

both calculators, except for nctation. The TI-59 has al-
gebraic notation and the HP-97 has reverse polish notation.
The HP-97 requires fewer steps to store an instruction and
also has a different programming method because of its
notation. Either the HP-97 or its version without a print-
er, the HP-67, could have been used in this study if some
of the programming techniques were changed. Based on pre-
vious experience with both calculators, I prefer the TI-59.

Characteristics of the Texas
Instruments TI-59

The Texas Instruments TI-59 programmable calculator
is a hand-held calculator which uses the algebraic opera-
ting system (A.0.S.). It has 120 general purpose memory
registers allocated between data registers (memories) and
program storage space (program steps). One data register
is equivalent to eight program steps. The configuration
varies from zero data memories and 960 program steps to

a combination of 100 data registers and 160 program steps.
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Through partitioning of registers (in increments of 10
registers), 11 configurations are possible (Figure 1).
Partitioning/repartitioning can be done from the keyboard
or under program control; once a partition has been es-

tablished, boundaries cannot be crossed.

PROGRAM STEPS 960

880 |10

800)20

720130

640 |40

560|50

480|60

400|770

320 |80

240 |90

1601 100 MEMORIES

Figure 1. Calculator configuration of program
steps and memory registers

The TI-59 has several program packages, called Solid-
State Software Modules, accessible by program number.
These packages are run by subroutine name for execution
through the keyboard or under user's program control
(Figure 2). These modules are plugged into the back of
the calculator and, being preprogrammed at the factory,
cannot be alterad by the user.

The TI-59 also has 10 programming flags whose func-
tion is to remember one of the two possible states. Flags

are either set (true) or clear (false). These flags are
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useful when program branches are needed. Depending on
the status of a flag the »rocess will branch to a spec-
ific section of the program and execute that portion of
instructions. Some flags have special features for de-
termining error conditions and for controlling printer
operation.

Among other characteristics, the calculator has a
set of 40 special control functions. These functions con-
trol the printer; list programs, data registers and labels;
calculate statistical functions for both populations and
samples; control and announce partitioning; and control
either increment or decrement of any of the first 10 data
registers. These control operations can be executed
either manually or under program control.

Other features include up to six levels of subrou-
tine calls, subroutines that can be called from both key-
board and program, fixed and indirect addressing, and a
RUN/ST0P key to halt program execution.

The TI-59 also has the basic mathematical, scien--
tific and statistical functions found on more advanced
machines. These functions include:

- Absolute value, integer and fractional part

- Display control functions
Fixed point, scientific and engineering notation

- Reciprocal, sguare, square root, roots and powers
- Polar/retangular co-ordinate conversion

- Statistics
Summations, means, standard deviations
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- Trigonometric functions
Sin, cos, tan, arcsin, arccos, arctan, degrees/
radian conversion, degrees, rads, grads mode

- Logarithmic functions
Decimal, natural logarithms

- Linear regression and correlation coefficients

- Parenthesis and pending operations

- Memory operations

Addition, subtraction, multiplication, division,
store, recall, and exchange

One of the most powerful features of the calculator
is its ability of being combined with the printer unit
(Figure 3). This unit, when attached, prints letters,
numbers, and special symbols. Through manipulation of
the number of digits shown in the display, one can print
out headings, prompting messages, and plot graphs. It
is also able to list program steps, register contents,
and to operate under trace mode. If the calculator is
under the trace mode all operations, whether from keyboard
or from program instructions, are printed. This mode is
helpful for testing and debugging programs.

Programs can be recorded and saved for future use
by means of magnetic cards (Figure 2), avoiding the neces-
sity of having to key in the program each time it is used.
Each magnetic card reads/writes two of four possible memory
banks, regardless of partitioning. Each memory bank holds
30 data registers or 240 program steps, or an eguivalent
mixture. Data registers number from the last of bank four

up through the last third of bank one (two-digit addressing
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does not reach past register 99); program steps start at

the beginning of bank one, with step 959 ending bank four

(Figure 4).
PROGRAM MEMORY ; DATA MEMOAY
000
LOCATIONS REGISTERS
L] SN
160 99
BANK |
239 90
240 89
BANK 2
479 60 initial partition
480 59
BANK 3
719 30
720 29
BANK 4
959 00

MEMORY AREA

Figure 4. Diagram of the memory storage area of the TI-59

Regarding specific program characteristics, the
TI-59 permits use of 72 labels that guickly identify or
can assist in a transfer to any program segment; use of
any of the 100 addressable memory registers for storage
and recall of data as well as direct recgister arithmetic;
use of 10 internal processing registers to hold operands

for calculations in progress; use of 10 logical decision
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functions to make decisions and branch to appropriate
program segments automatically without interruptions; and
tests of flags under program control.

The TI-59 can operate in three possible modes. 1In
the calculate mode, the TI-59 is operated manually as a
general purpose calculator. In the run mode, the calcula-
tor operates using pre-recorded programs or user-developed
programs. Finally in the learn mode, instructions or pro-
gram steps are keyed directly into program memory. Users
also can go through programs step by step using the "step-
through" function, which displays each program step for
editing purposes.

The preceding discussion is in no way a substitute
for the user manual provided by the producer. Functions
and programming features are analyzed in depth in this
manual whereas only relevant characteristics are presented

here.

Statistical Analyses Selected

The analysis of variance of experimental designs
can be divided in two groups, the classic analyses and
the more advanced analyses.

The classic analyses of variance, which appear in
most standard reference books, involve relatively simple
computations. The more advanced types of analyses of var-
iance are used infrequently, and usually reguire more com-

plex computing technigques.
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I decided to work with the classic analyses of var-
iance because of their availability in the literature, and
because these are the analyses that are used most fre-
quently. Based on Snedecor and Cochran (1967), Steel and
Torrie (1960), and Sokal and Rohlf (1969), I picked out
the following analyses of variance for development. I
believe these analyses cover the classic experimental de-
signs most frequently used:

- One treatment factor in a completely randomized
design

- One treatment factor in a randomized complete
block design

- Latin sguare design

- Covariance analysis in a completely randomized
design

- Covariance analysis in a randomized complete
block design

- Two factor factorial in a completely randomized
design

- Two factor factorial in a randomized complete
block design

- Three factor factorial in a completely randomized
design

- Three factor factorial in a randomized complete
block design

- Two level nested design

- Three level nested design

- Split-plot in a completely randomized design

- Split=-plot in a randomized complete block design

I also programmed auxiliary tests that should be
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performed to ensure a proper use of the above designs, or

for special cases. They are:

Bartlett's test for homogeneity of variance

- t-test for unpaired observations

- t-test for paired observations

- Coefficients of skewness and kurtosis

- transformations
A test for nonadditivity, multiple range tests, analysis
of split-plot with the treatments arranged factorially,
and other designs had to be omitted due to calculator limi-
tations. Regression analysis was also left out because
there are several programs already available in the calcula-
tors' user library.

In projects using other experimental designs or
having frequent missing observations, a computer is ad-
visable to facilitate analysis and interpretation.

Programming Technigue and
Program Structure

Analysis of available software for both the TI-59
and HP-97 showed that data must be entered more than once
for most of the experimental design analysis programs.
Since this is a potential source of error, I developed a
program to store either the partial or the entire data
set on magnetic cards. It is then possible to store data
according to a common procedure, regardless of the anal-
vsis to be used.

To accomplish this, I had to define the memory
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partition of the calculator. Of the 11 configurations
possible I chose a combination of 60 data registers and
480 program steps. By using the same initial partition
for all programs, the same input program could be used for
different analyses. This configuration is also the same
partition that the calculator presents when turned on. Due
to complexity of some analyses, this partition may change,
but for most of the programs it is kept the same. Half of
the 60 data registers or memories were assigned to data stor-
age (data registers number 30 through 59) and the remaining
(numbers 00 through 29) were used for storing partial and
final results.

By the use of indirect addressing, each individual ob-
servation is stored in one of the 30 data registers. If the
data set contains more than 30 observations, the calculator
is programmed to print a message (RECORD DATA) or flash a
number (3) telling the user to record the contents of the
data registers before the remaining observations are entered.
This process can be repeated several times as needed. In-
direct addressing means that the location of the storage
register is given by a number from another data register,
(i.e., by a pointer). By incrementing this pointer each
time one observation is stored, it is possible to store
the next observation in the adjacent data register.

Once the data are recorded on magnetic cards the
user can start the processing phase of the analysis. This

phase begins after the data and program cards are loaded
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into the calculator.

Programs have two main segments, calculation and
results, which are identified by labels. Whenever pos-
sible, the same labels were used for similar segments of
different programs, allowing the user to develop a common
pattern for different programs. Calculation is defined
as label A and results as label B. The remaining labels
(¢, o, E, A', B', C', D', and E') were used according to
the necessities of each program.

In the calculation phase, again using indirect add-
ressing, each observation is recalled from the data regis-
ter in the same way as it was stored. This single value
is processed (i.e., summed, multiplied, or squared) into
the "workable" space of the data registers. This process
is repeated for all observations. If the data set is
recorded on more than one magnetic card, the program will
ask for more data either by printing a message (DATA) or
by flashing a number (3).

During data processing, the program is directed to
different sets of calculation instructions through differ-
ent types of branching functions. A logical sequence of
operations was used to avoid duplication of instructions,
helping to reduce the number of steps required for each
calculation. Sums are performed first, followed by sums
of squares, reguiring only one recall of each register.
The observations must be entered by replication due to

this approach (see Appendix B).
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In some programs, the data set must be read more
than once because data summations are done across both
rows and columns. This could have been avoided, but it
would require an excessive number of program steps.

Since the data are already recorded on magnetic
cards and the program itself controls the number of ob-
servations processed, this solution represents a fair
alternative.

Special care had to be taken with the number of pro-
grams steps used. As the complexity of analysis increases,
the number of steps required becomes larger. The number
of elements that have to be calculated to gener-
ate results for each program determines the length
of a program. Whenever the program storage area does not
have enough space to store all the program instructions,
the calculation and the results segment instructions were
recorded on different cards. As soon as calculations are
completed, the program will ask for the second program
card by printing the message "PROG. CARD (2)" or by dis-
playing the number 2. The second program card contains
the portion of the program that prints and display the
results. At this point a new partition of the data regis-
ters may be necessary due to space reguirements. Instead
of using 60 data registers and 480 program steps, the par-
tition changes to 30 data registers and 720 program steps.
Data registers which are no longer needed are used as pro-

gram steps, since the calculations involving the original
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observations are done.

Whenever possible, the programs' structure were kept
as similar as possible. For three programs a small depar-
ture from the overall pattern was necessary. To avoid im-
posing heavy restrictions for the use of the three factor
factorial in completely randomized and randomized complete
block designs, cell totals from the two-way tables are
entered along with individual cell values. For latin
square designs treatment totals must be entered, since
there is no way of identifying each treatment position in
each row and column, unless an extra index is used. The
use of this extra index would require an excessive amount
of data registers, and for this reason the treatment totals
must be entered.

The overall structure of any analysis program is to
first store the data set using the input program, and then
to analyze the data using the desired program.

Programs were tested using examples given in Snedecor
and Cochran (1967), Steel and Torrie (1960) and Sokal and
Rohlf (1969). No textbook examples were available for
split-plot and three factor factorial, both in a completely
randomized designs, and so artificial data sets were gen-

erated and used.



CHAPTER IV

RESULTS

The objective of this study was to develop a set of
programs to analyze classic experimental designs using the
TI-59 programmable calculator. Characteristics common to
all programs are described first, followed by a descrip-
tion of each program focusing on use, limitations, and
capabilities. Examples of each program are presented in

the Appendix.

Data Input Program

For all analyses, observations can be stored and
recorded on magnetic cards using the same input program.
This program can store either univariate or bivariate
data. The program is loaded into the calculator by read-
ing only one side of the program card. The card is in-
serted into the card slot in the right side of the calcu-
lator and the contents of that card are placed into the
calculators' memory. Through initialization of the pro-
gram all data registers are cleared and prepared to store
observations. There is one initialization for each type
of data. When this operation is completed, a zero will
be displayed.

Number of treatments and of replications are then

30
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entered. These values are used to calculate total number
of observations in the data set. Both values are displayed
as well as printed when the printer unit is attached. For
factorial or nested designs, th2 number of treatment com-
binations or total of nesting combinations should be en-
tered instead of number of treatments and of replications.

The only programs that can handle missing data are
those for the completely randomized design, the randomized
complete block design, and the latin sguare design. A
code to identify each missing observation must be given;
this code can be any number different from the values
present in the data set. For each empty cell, the code
replaces the missing value in the data set. Whenever the
program finds a cell which has the code, it branches to
another portion of instructions and an estimate is then
generated according to the procedures given by Snedcor and
Cochran (1967).

Each observation or pair of observations is then
keyed into the calculator and stored, and displayed or
printed after storage. If a wrong entry is made, it can
be deleted at this time through a keyvboard operation. The
user just presses B or B', depending on the type of data
being entered, and enters the corrected value. When the
number of observations in the data set is greater than
30, the prcgram will flash the number three or print
"RECORD DATA." Before recording the data, it is possible

to review all walues entered by pressing D, and to replace
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any erroneously entered observations. The position of the
wrong number in the data arrav, plus 29, equals the data
register number in which the wrong number is stored. One
can then store the right value by using the keyboard pro-
cedure STO nn, where nn is the data register number.

After the data register contents are reviewed, they
must be recorded on magnetic card for later use. The
first recording operation must record memory banks number
four and three. Memory bank number four contains the
memory space where the partial and final results will be
stored. At this stage it also contains the information
necessary to begin processing (number of treatments, of
replications and total observations). This is why it
nmust be recorded only once, at the beginning of the re-
cording process. Memory bank number three contains the
entire data set if it has less than 30 observations, other-
wise it will contain the first 30 observations. A re-
initialization jis necessary before the next 30 values are
entered. During analysis, data cards should be loaded in
the same order in which they were recorded.

All replications of the first treatment must be
entered first, followed by replications of the second
treatment, and so on (see input program in the
Appendix). When treatments are arranged either
factorially or in a nested structure, the factcrs should
be arranged in a nested dendrogram, with the replica-

tions forming the columns. All replications for the
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first treatment or nested combination are entered first,
followed by those of the second treatment or nested combin-
ation, and so on. For instance, if we have a three fac-
tor factorial with two levels for each factor, the dendro-

gram should look like Figure 5.

A

1 2

B g By B2
By By B % i B G B3
M "m0 B R % Pm B e
Bjpg Rz Bp By By B By B
s Baz Ra3 Ry Bss Rz B3 By

Figure 5. Nested dendrogram for a three factor factorial
with two levels for each factor.
The values for the treatment combination AIBlCl are

entered first (Rll' Ry 50 and R,,) followed by the values

13
for treatment combination AlBlC2 (Rzl, Rynr R23), and so
on. The factor having the highest number of levels must
be placed at the top of the dendrogram in order to use

the programs efficiently.

Processing

The processing phase is initiated after both sides
of the program card ané both sides of the first data card
are loaded into the calculator's memory. If the number of
observations is greater than 30, the program will flash
the number three and print "DATA" when the printer unit

is connected. The display must then be cleared and the
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first side of the second data card read into the memory.
Processing is then resumed. This procedure can be repeated
as many times as necessary.

For some programs, the entire data set will have to
be entered more than once because data summations are done
across both rows and columns. The calculator will ask for
data by displaying the number three or by printing "DATA"
if the printer is connected.

When a program is being processed the display goes
blank except for a faint "C" at the far left which indi-
cates that calculations are taking place. Do not key in

numbers or ask for results during this time.

Output

Three output procedures are possible. In the first
procedure the user can either display the results or, if
the printer unit is connected, have them printed with
abbreviated descriptions. 1In the second procedure, only
results are displayed; to have them printed another pro-
gram card must be read. For these two procedures, the dis-
play will show the number zero after processing is com-
pleted. 1In the third procedure, the user must enter a
second program card to obtain the results. The program
will ask for the second program card either by printing
"PROG. CARD (2)" or by displaying the number 2. The order
in which the results are given are the same, regardless of
the procedure used.

The need for different procedures arose from
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limitations imposed by the initial partition chosen, and
from the large number of steps required for certain com-
plex programs.

Program for Bartlett's Test of
Homogeneity of Variances

One assumption necessary for the correct use of the
analysis of variance is that treatments variances are homo-
geneous. This program performs Bartlett's test for homo-
geneity of variances. Any number of treatments and repli-
cations, egual or not, can be used. This program is in-
tended tc be used before any other type of analysis of
variance is performed; it produces the corrected chi-
square statistic.

Program for Skewness, Kurtosis,
and Data Transformation

Another basic assumption of the analysis of variance
is that observations are normally distributed. This program
calculates the four moments--mean, variance, third and
fourth moments--and the coefficients of skewness and kur-
tosis.

Skewness is used to measure the lack of symmetry in
a distribution, and kurtosis is the relative peakness or
flatness of a distribution. Their coefficients indicate
deviation from normality.

If either homogeneity of variances or normality of
observations are absent, the data must be transformed to

correctly use the analysis of variance. Five data
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transformation procedures are available: square root;
logarithmic; logarithm of x+l; reciprocal; and arc sine

of square root. After all original observations are trans-
formed, the program will display the number two or print
"RECORD DATA." Once data are recorded the user will have

a new set of transformed data cards. Moments and coef-
ficients of skewness and kurtosis are printed or displayed
for the transformed observations.

In the event that the data set is composed by values
too large or too small to be comfortably handled, two types
of coding are provided; one will add or subtract a deter-
mined value to each observation and the other will multiply
or divide.

Program for One Treatment Factor in a
Completely Randomized Design

This program performs an analysis of variance for
one treatment factor arranged in a completely randomized
design. Any number of treatment levels and replications,
equal or not, can be used. The program generates the
complete analysis of variance table, giving the results in
the following order:

- Treatment, residual, and total degrees of freesdom

- Treatment, residual, and total sum of sguares

- Treatment and residual mean squares

- F-ratio for treatments
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Program for One Treatment Factor in a
Randomized Complete Block Design

This program performs an analysis of variance for
one treatment factor arranged in a randomized complete
block design. Any number of treatment levels and up to
15 replications can be used.

The program accepts one and only one missing obser-
vation. It will generate one estimated value for this
empty cell using the procedure given by Snedecor and Coch-
ran (1967), and use the estimated value to complete the
analysis.

The program generates the complete analysis of var-
iance table, giving the results in the following order:

- Treatment, block, error, and total degrees of
freedom

- Treatment, block, error, and total sum of sguares

- Treatment, block, and error mean sguares

- F-ratio for treatments

If the data set contains one missing observation, the
treatment mean sguare is adjusted automatically--by sub-
tracting a correction factor--to avoid the natural bias
that will occur when one estimate is used in place of a

missing value. Degrees of freedom are also adjusted.

Program for Latin Square Design

This program performs an analysis of variance for
one treatment factor arranged in a latin square design.
Fifteen treatment levels may be used, even though this

number will rarely be reached in a latin square design



38

due to practical problems.

Totals for each treatment must be entered first
since there is no way to identify treatments without using
an extra index. The use of this extra index would require
an excessive amount of data registers; entering the treat-
ment totals represents a fair alternative.

One and only one missing observation in the data set
can be handled; the program will generate one estimated
value for this empty cell and use it during calculations.

The program generates the complete analysis of vari-
ance table, giving the results in the following order:

- Row, column, treatment, residual, and total de-
grees of freedom

- Row, column, treatment, residual, and total sum
of squares

- Row, column, treatment, and residual mean sguares
- F-ratio for treatments
If the data set contains one missing observation, the
treatment mean square is adjusted automatically--by sub-
tracting a correction factor--to avoid the natural bias
that will occur when one estimate is used in place of a
missing value. Degrees of freedom are also adjusted.

Program for t-Test of Unpaired
Observations

This program will generate the t-value for comparing
two treatment means of unpaired cbservations. A different
number of replications per treatment may be used. The re-

sults will be the treatment means and the respective t-value.



39

Program for t-Test of Paired
Observations

This program will generate the t-value for compar-
ing two treatment means of paired observations.

The results will be the treatment means and the re-
spective t-value.

Program for Covariance Analysis in a
Completely Randomized Design

This program performs an analysis of covariance for
one treatment factor and one covariate arranged in a com-
pletely randomized design. Any number of treatment lev-
els and replications, egual or not, can be used.

The program generates the complete analysis of co-
variance table, with both unadjusted and adjusted values,
giving the results in the following order:

- Treatment, residual, and treatment plus residual
degrees of freedom

- Treatment, residual, and treatment plus residual
sum of squares for Y, XY and X

- Residual, treatment plus residual, and treatment
adjusted degrees of freedom

- Residual, treatment plus residual, and treatment
adjusted sum of squares

- Residual and treatment adjusted mean sguares
- F-ratio for adjusted treatments

Program for Covariance Analysis in a
Randomized Complete Block Design

This program performs an analysis of covariance for

one treatment factor and one covariate arranged in a
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randomized complete block design. Any number of treatment
levels and up to six replications or blocks can be used.

The program generates the complete analysis of co-
variance table, with both unadjusted and adjusted values,
giving the results in the following order:

- Block, treatment, residual, and residual plus
treatment degrees of freedom

- Block, treatment, residual, and residual plus
treatment sum of squares for ¥, XY and X

- Residual, treatment plus residual, and treatment
adjusted degrees of freedom

- Residual, treatment plus residual, and treatment
adjusted sum of sguares

- Residual and treatment adjusted mean squares
- F-ratio for adjusted treatments

Program for Two-Factor Factorial in a
Completely Randomized Design

This program performs an analysis of variance for
two treatment factors arranged factorially in a completely
randomized design. One treatment factor may have any num-
ber of levels, while the other has a limit of 15. The fac-
tor having the highest number of levels should be placed
at the top of the hierarchical dendrogram when the observa-
tions are being entered.

The program generates the complete analysis of vari-
ance table. The treatment factors are represented by the
letters A, for the first factor, and B, for the second
factor, when results are printed. Results are given in

the following order:
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- Treatment, main effect A, main effect B, first-
order interaction AB, residual, and total degrees
of freedom

- Treatment, main effect A, main effect B, first-
order interaction AB, residual, and total sum of
sguares

- Main effect A, main effect B, first-order inter-
action AB, and residual mean squares

- F-ratios for main effect A and B, and AB interac-
tion

Program for Two-Factor Factorial in a
Randomized Complete Block Design

This program performs an analysis of variance for
two treatment factors arranged factorially in a randomized
complete block design. One treatment factor can have any
number of levels while the other has a limit of 14 levels.
The maximum number of replications or blocks is also 14.

The factor having the highest number of levels should
be placed at the top of the hierarchical dendrogram when
the observations are being entered. If there are more than
30 observations, the entire data set must be read twice.
The program will automatically ask for the data set again
when necessary.

The program generates the complete analysis of vari-
ance table. Treatment factors are represented by the
letters A, for the first factor, and B, for the second
factor, when the results are printed. Results are given
in the following order:

- Block, main effect A, main effect B, first-order

interaction AB, residual, and tctal degrees of
freedom



42

- block, main effect A, main effect B, first-
order interaction AB, residual, and total sum
of sguares

- Main effect A, main effect B, first-order
interaction AB, and residual mean squares

- F-ratio for main effect A and B, and AB inter-
action

Program for Three Factor Factorial in a
Completely Randomized Design

This program performs an analysis of variance for
three treatment factors arranged factorially in a com-
pletely randomized design. Any number of levels and
replications for each treatment factor can be used.

The user must enter cell totals for the three pos-
sible two-way tables (AB, AC, and BC). Each table will
be generated by adding, over all levels of the third
factor and replications, each of the two factor combin-
ations. Without these auxiliary values, the use of this
program would be heavily restricted because of the ex-
tensive memory space required for storage.

To create the necessary main effect totals, the
two-way tables must be entered in the following way:
from the two-way table for factors A and B, enter all
values of factor B for each level of factor A; from the
two-way table for factors A and C, enter all values of

factor A for each level of factor C: finally from the
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two-way table for factors B and C, enter all values of
factor C for each level of factor B (see Appendix Q).

Letter A represents the first factor, B the second,
and C the third when a printed output is given. The pro-
gram generates the complete analysis of variance table,
giving the results in the following order:

- Main effect A, main effect B, main effect C,
first-order interaction AB, first-order interac-
tion AC, first-order interaction BC, second-order
interaction ABC, residual, and total degrees of
freedom

- Main effect A, main effect B, main effect C,
first-order interaction AB, first-order interac-
tion AC, first order interaction BC, second-order
interaction ABC, residual, and total sum of
squares

- Main effect A, main effect B, main effect C, first-
order interaction AB, first-order Interaction AC,
first-order interaction BC, second-order interac-
tion ABC, and residual mean squares

- Main effect A, main effect B, main effect C,
first-order interaction AB, first-crder interac-
ticon AC, first-order interaction BC, and second-
order interaction ABC F-ratios

Program for Three-Factor Factorial in a
Randomized Complete Block Design

This program performs an analysis of variance for
three treatment factors arranged factorially in a random-
ized complete block design. Any number of levels for each
treatment factor can be used. The number of replications
or blocks is limited to 15. Marginal totals for the three
possible two-way tables must be generated and entered as

in the program for three factor factorial in a completely



44

randomized design.

Treatment factors are represented by letters A, B,
and C for the first, second, and third treatment factors,
respectively, in the printed output.

The program generates the complete analysis of var-
iance table, giving the results in the following order:

- Blocks, main effect A, main effect B, main effect
C, first-order interaction AB, first-order inter-
action AC, first-order interaction BC, second-
order interaction ABC, residual, and total degrees
of freedom

- Blocks, main effect A, main effect B, main effect
C, first-order interaction AB, first-order inter-
action AC, first-order interaction BC, second-
order interaction ABC, residual, and total sum of
squares

- Main effect A, main effect B, main effect C,
first-order interaction AB, first-order interac-
tion AC, first-order interaction BC, second-order
interaction ABC, and residual mean squares

- Main effect A, main effect B, main effect C, first-
order interaction AB, first-order interaction AC,
first-order interaction BC, and second-order in-
teraction ABC F-ratios

Program for Two-Level Nested Design

This program performs an analysis of variance for
three factors, (A, B, and C), where C is nested in B and
B is nested in A. Any number of treatments (A), levels of
subgroups within treatments (B), and replications (or de-
terminations C) within subgroups can be used.

The program generates a complete analysis of vari-
ance table. In the printed output, treatments are repre-

sented by the letter A, subgroups by the letter B, and
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replications by the short form of determination, DET.
The letter W stands for "within." Results are given in
the following order:

- Treatment, subgroup within treatments, determina-
tion, and total degrees of freedom

- Treatment, subgroup within treatments, determina-
tion, and total sum of squares

- Treatment, subgroup within treatments, and deter-
mination mean squares

- Treatment and subgroup within treatment F-ratios

Program for Three-Level Nested Design

This program performs an analysis of variance for
four treatment factors, (A, B, C, and D), where D is nested
in C, C is nested in B, and B is nested in A. Any number
of treatments (A), subgroups within treatments (B),
sub-subgroups within subgroups (C), and replications
(or determinations D) within sub-subgroups can be
used.

The program generates the complete analysis of vari-
ance table. 1In the printed output, treatments are repre-
sented by the latter A, subgroups within treatments by the
letter B, sub-subgroups within subgroups by the letter C,
and replications by DET. The letter W stands for "within."
Results are given in the following order:

- Treatment, subgroup within treatments, sub-sub-
group within subgroup, determination, and total
degrees of freedom

- Treatment, subgroup within treatments, sub-sub-

groups within subgroup, determination, and total
sum of sguares
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- Treatment, subgroup within treatments, sub-sub-
groups within subgroup, anéd determination mean
sguares

- Treatment, subgroup within treatment, and sub-
subgroup within subgroup F-ratios

Program for Split-Plot in a Completely
Randomized Design

This program performs an analysis of variance for
two treatment factors, where the whole-plot factor is
arranged in a completely randomized design and the sub-
plot factor is a subdivision of the whole-plots. Any num-
ber of levels for the whole-plot factor, up to 15 levels
for the sub-plot factor, and any number of replications
can be used.

The entire data set will be read twice. Cere should
be taken when reading the data set the second time. Only
memory bank number three, which contains the observations,
should be read. On the first data card, side one contains
memory bank number four, the so-called "workable" space.
Since some calculations have already been done using this
memory bank, by reading this side of the data card, these
partial values will be lost.

The program generates the complete analysis of vari-
ance table. The whole-plot factor is identified by the
letter A and the sub-plot factor by the letter B in the
printed output. The order in which the results are given
is:

- Whole-plot factor, whole-plot error, sub-plot

factor, whole-plot/sub-plot interaction, sub-plot
error, and total degrees of freedom
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- Whole-plot factor, whole-plot error, sub-plot
factor, whole-plot/sub-plot interaction, sub-plot
error, and total sum of sguares

- Whole-plot factor, whole-plot error, sub-plot
factor, whole-plot/sub-plot interaction, and sub-
plot factor mean sguares

- Whole-plot factor, sub-plot factor, and whole-
plot/sub-plot interaction F-ratios

Program for Split-Plot in a Randomized
Complete Block Design

This program performs an analysis of variance for
two treatment factors, where the whole-plot factor is
arranged in a randomized complete block design and the sub-
plot factor is a subdivision of the whole plots. Any num-
ber of levels for the whole-plot factor, up to 14 levels
for the sub-plot factor, and 14 replications or blocks can
be used. The entire data set will be read three times.
It is first used to calculate treatment factors and inter-
action sum of sguares; the second reading calculates blocks
sum of squares; and the final reading calculates the whole-
plot sum of sguares.

The first side of the first data card is read only
at the beginning of the program. The other readings must
load only memory banks number three, in the same sequence
the cards were reccrded. The program will display the num-
ber 3 or print "DATA" each time a card must be read.

The program generates the complete analysis of var-
iance table. 1In the printed output, the letter A repre-

sents the whole-plot factor and the letter B the sub-plot
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factor. The order in which the results are given is:

- Block, whole-plot factor, whole-plot error, sub-
plot factor, whole-plot/sub-plot interaction, sub-
plot error, and total degrees of freedom

- Block, whole-plot factor, whole-plot error, sub-
plot factor, whole-plot/sub-plot interaction, sub-
plot error, and total sum of squares

- Whole-plot factor, whole-plot error, sub-plot
factor, whole-plot/sub-plot interaction, and sub-
plot error mean squares

- Whole-plot factor, sub-plot factor, and whole-
plot/sub-plot interaction F-ratios

Error Recovery

Two types of error might occur during the processing
of any program. Functional errors occur when the limits
of the calculator have been exceeded, or when an invalid
operation has been requested. When the limits of the cal-
culator are exceeded due to results of program instructions,
the calculator will flash the exceeded limit. This situa-
tion can be avoided by transforming the observations using
the skewness, kurtosis, and data transformation program.
Another kind of functional error can occur when the user
requests a label that is not defined for that program, or
when absence of some parameter leads to a division by zero.

The second type of error is the logical error. Logi-
cal errors are represented by strange results or malfunc-
tion of the program. For instance, once the reguested data
card has been entered, the program will ask for data again.
This may happen because the proper procedure has not been

followed. Strange or negative results may occur due to
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incorrect data set storage. To avoid these types of errors,
the user should do the following before using a program:

l. Clean the data registers and the display (2nd
CMs and CLR)

2. Reset the calculator (RST key)
3. Clean the printing option (2nd OP 00)

4, Follow the instructions for using the program
carefully

It is recommended that the examples given in the
Appendices be worked before trying to analyze a new set
of data. This will give the user an idea of how the pro-
grams work, and what to look for if the program is not
working properly. Results will be presented with up to
1l significant digits even though the calculator intern-

ally works with 13 digits.



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

A set of 18 programs is provided that allow the user
to analyze classic experimental designs by using a program-
mable calculator. These calculators are relatively inex-
pensive, easy to use, portable, and their use eliminates
long and tedious manual calculations. For developing
countries, where funds for equipment constitute a major
problem, these programs provide an alternative method of
problem analysis.

Students, teachers, and researchers who must analyze
experimental data will have to consider the alternative
analytical procedures. These procedures include use of
computer programs, if computers are available, use of a
programmable calculator, or doing the analysis by hand.
Time, amount of data, and complexity of the problem will
be the variables to be considered in this decision.

People working in small towns or remote experimental
stations may sometimes not have a computer available for
analysis, and therefore may have to send their data to be
analyzed by others. Usually, these people want to have

some idea of the behavior of the data to make a decision.
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Programmable calculators are an alternative solution,
since they can solve problems when and where they happen.

Considering the capabilities of the programmable
calculator that was used in this study (it can operate
9 x 9 matrices), it is easy to see how valuable these cal-
culators will be in the future, and how important it is
to know their current applications.

The programming technigues used in this study proved
to be efficient for overall programs. However, it repre-
sents only one way of performing these types of analyses.
The important point is that this study showed that rela-
tively complex types of repetitive calculations can be
done quickly and precisely. Other areas of statistical
analysis should be considered for future programs to com-

plement what has already been done.
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GENERAL INSTRUCTIONS



GENERAL INSTRUCTIGNS

Before using any of the programs presented, the
following considerations should be kept in mind in order
to have the programs running properly.

1. Turn the calculator off for a couple of seconds,
and back on again before using a program. This proce-
dure will avoid the possibility of having previous results
interferring with your current program.

2. Have all cards numbered in advance, to avoid
confusion at the recording phase. Always enter cards in
the same order that they were recorded.

3. Try one of the examples given before running
your own data set. This will help familiarize you with
the program procedures.

4. Make sure that you have the right program in-
structions in the calculator's memory. Use the "STEP
THROUGH" instruction to verify that recorded instructions
correspond to instructions given for each program.

5. Make sure that the right memory partition for
each program is being used.

6. Enter the observations by replication.

7. The keystroke sequence for recording on mag-

netic cards is simply n 2nd Write, where n represents the

card side. Usually sides 1 and 2 are for program instruc-

tions and sides 3 and 4 for data. Side number 4 will be
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used only once for each data set, at the beginning of the
recording process.

8. A magnetic card can be read into the calcula-
tors' memory simply by clearing the display and inserting
the magnetic card into the slot at the right side of the
calculator. TIf zero flashes in the display after a card
is read, the calculator has detected a misread and the
card should be reentered.

9. Programs may run for several seconds. On the
average each observation will be processed in 2% seconds.

10. In case of difficulty the user should refer to
the Users' Manual for further details in any of the above
instructions.

11. The abbreviations used throughout the programs
and in the printed output are:

D.F. = degrees of freedom

S.5. = sum of squares

M.S. = Mean squares

Trt. = treatment

Blc. = block

Res. = residual

Tot. = total

Col. = column

T+R = treatment plus residual
W = within

MO = missing observation
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Adj. = adjusted

determination

Det.




APPENDIX B

PROGRAM FOR DATA INPUT



PROGRANM  DESCRIPTIOI

PROGRAM TITLE: Data Input

oBJECTIVES: This program stores original observations into
the calculators' data registers, allowing the
user to record the observations on magnetic
cards for later use in any of the programs in
this set. Either univariate or bivariate type
of observations can be stored.

LIMITS FOR: 3] TREATMENTS S

b) FACTORS > =

¢) LEVELS ;-

d) REPLICATIONS

DATA INPUT TypPe: univariate and bivariate

ourpur™:  Number of treatments, of treatment combinations
or nesting combinations
Each individual observation or pair of observa-

tions

(+) printed and displayed when PRINTER UNIT is used
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PROGRAM CARD DESCRIPTION

Data Input

CODE XY |Del XY IN. XY
bel x|re/Red Rev.|in. x| [ISEAS INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
i H Load side 1 of program card 1
FOR UNIVARIATE TYPE OF DATA
2 Initialize E 0
3 Enter # of treatments* $# of trt. c $# of trt.
4 Enter # of replications # of rep. R/S |# of rep.
5 Enter code for missing wvalue code 2nd A code
For i =1, - « =« ¢ 0
Enter observation Xi X1 A i
If you made a mistake in B 0
[ entering xi
8a | If the number of observations
i is less than 30 go to step 9
8b | If the number of observations
is greater than 30 go to
' T %%
step 9 X31 A 3
9 To review the observations
entered *** D Xi
i=l,...,n
10 | Record first side of data
card, 4 2nd 4
WRITE
11 | Record second side of data
cardl 3 2nd 3
WRITE
12 |If you have more than 30
observations go to step 6 A 0
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STEP PROCEDURE ENTER PRESS DISPLAY
FOR BIVARIATE TYPE OF DATA
2 | Initialize 2nd E 0
3 | Enter # of treatments # of trt. c # of trt.
4 | Enter # of replications $# of rep.| R/S |# of rep.
5 | Enter code for missing value code 2nd A code
For i=l;...::n and j=1l;..s;N
6 | Enter observation Xi Xi =y Yj
Enter observation Yj Yj 2nd B 2
If you made a mistake in
entering Xin 2nd C 0
9a | If the number of observations
is less than 30 go to step 10 last Yj
9b | If the number of observations
is greater than 30 go to step
10 X31Y3q 2nd B| Y3 %%
10 | To review the observations
entered *** D Xin
1 3=Li vies
Ty
11 | Record first side of data 4 2nd 4
card 1 WRITE
12 | Record second side of data 3 2nd 3
card1 WRITE
13 | If you have more than 30
observations go to step 6 2nd E 0

* For factorials and nested
analyses enter the number
of treatment combinations
or nested combinations
RECORD DATA will be
printed if printer is
attached

* %
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STEP]

PROCEDURE

ENTER

PRESS

DISPLAY

*** Each observation will be
displayed for 3 seconds
and printed if printer
is attached
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SANMPLE  PROBLEN

ExampLE: Examples of univariate and bivariate type of
entry will be given using data from Sokal and
Rohlf (1969), page 208, and Snedecor and Cochran
(1967) , page 422, respectively. The data entry
for all programs in this set will be demonstrated
in the PRINTED OUTPUT of each program. (Data
sets are presented on the following page)
ENTER PRESS ouTPUT COMMENTS
UNIVARIATE TYPE
Prog. card display will show # 1 card upright
E 0 initalizing the
program
4 c 4 $# of treatments
13 R/S 13 $# of replications
0 2nd A 0 code for missing
values
380 A 380 Xl
376 A 376 X2
360 A 360 Xq
368 A 368 X,
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UNIVARIATE TYPE

TREATMENTS
i T2 3 T4
380 350 354 376
376 356 360 344
360 358 362 342
368 376 352 372
372 338 366 374
366 342 372 360
374 366 362
382 350 344
344 342
354 358
351
348
348
BIVARIATE TYPE
! Ps tq
x X 2 . EE
11 6 § 0 16 13
8 0 6 2 13 10
5 2 7 3 11 18
14 8 g8 1 9 5
19 T1 18 18 21 23
6 4 8 4 16 12
10 13 19 14 12 5
6 8 12 16
11 8 5 1 7 i
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ENTER PRESS OUTPUT COMMENTS
372 A 372 Xs
366 A 366 Xe
374 A 374 x7
382 A 382 Xg
0 A 0 Xy = code
0 A 0 Xlo - code
0 A 0 Xy, — code
0 A 0 le - code
0 A 0 xl3 - code
350 A 350 xl4
356 A 356 xls
358 A 358 X6
376 A 376 Xl7
338 A 338 x18
342 A 342 X9
366 A 366 x20
350 A 350 le
344 A 344 X5,
364 A 364 x23
A 0 X24 - code
A 0 x25 - code
A 0 X26 - code
354 A 354 X5n
360 A 360 x28
362 A 362 X59
352 A 352 x30
366 A '3'" will flash in the data registers

CLR

2nd
WRITE

display and RECORD DATA
will be printed if
printer is attached

o

1=

are full

press CLR to stop
flashing

enter card into
the side slot
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ENTER PRESS OUTPUT COMMENTS
3 2nd 3 enter card into
WRITE the side slot,
this time inver-
ted.
E 0 re-initializing

the program

366 A 366 x3l

372 A 372 X3,

362 A 362 X33

344 A 344 x34

342 A 342 X35

358 A 358 X36

351 A 351 X,

348 A 348 x38

348 A 348 x39

376 A 376 X410

344 A 344 X4

342 A 342 x42

372 A 372 x43

374 A 374 %44

360 A 360 X5

0 A 0 X46 - code

0 A 0 X47 - code

0 A 0 X4 = code

0 A 0 X,q — code

0 A 0 XSO - code

0 A 0 X51 - code

0 A 0 x52 - code

3 2nd 3 enter card2 into

WRITE the side slot;

card upright
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ENTER PRESS QuUTPUT COMMENTS

BIVARIATE TYPE

Prog. card display will show # 1 card upright
2nd E 0 initializing the
program
3 (2 3 # of treatments
10 R/S 10 ¥ of replications
99 2nd A 0 code for zero

values. If you
do not enter a
code, the zeros
will be consid-
ered as missing
values, and they

are not.
11 XY 30 Xl
6 2nd B 2 Y,
8 XY 6 X2
0 2nd B 2 Y,
5 XY 0 X,
2 2nd B 2 Y,
14 XY 2 X,
8 2nd B 2 Y,
19 b 5'4 8 Xg
11 2nd B 2 Y
6 Xy i1 X
- 2nd B 2 Yo
10 Xy 4 X,
13 2nd B 2 Y,
6 XY 13 Xg
1 2nd B 2 Yg
11 XY 1 Xg
8 2nd B 2 Yg
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ENTER PRESS OuTPUT COMMENTS
3 XY 8 XlO
0 2nd B 2 Y9
6 XY 0 Xll
0 2nd B 2 Yll
6 XYy 0 X12
2 2nd B 2 le
7 XY 2 X4
3 2nd B 2 Yl3
8 XY 3 Xl4
i 2nd B 2 Yl4
18 XY 1 x15
18 2nd B 2 YlS
8 Xy 18 le
4 2nd B | '3' will flash in the
display and RECORD
DATA will be printed
if printer is attached |data registers
are full
CLR 0 CLR to stop
flashing
4 2nd 4 enter card into
WRITE the side slot
3 2nd 3 enter card into
WRITE the side slot,
this time in-
verted
2nd E 0 re-initializing
the program
Xy 4 X6
2nd B 2 Yl6
19 Xy 4 X,
14 2nd B 2 Y

17
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ENTER PRESS oUTPUT COMMENTS
8 XY 14 Xl8
9 2nd B 2 Y18
5 XY 9 Xlg
1 2nd B 2 Ylg

15 XY 1 X20
9 2néd B 2 YZO
16 XY 9 le
13 2nd B 2 Y21
13 XY 13 X22
10 2nd B 2 Y22
L1 XY 10 x23
18 2nd B 2 Y23
9 XY 18 x24
5 2nd B 2 Y24
21 XY 5 X25
23 2nd B 2 Y25
16 XY 23 x26
12 2nd B 2 Y26
12 XY 12 X27
5 2nd B 2 Y27
12 XY 5 28
16 2nd B 2 Y2B
7 XYy 16 X29
1 2nd B . ng
12 XY 1 x3o
20 2nd B 2 Y30
3 2nd s enter card2 into
WRITE

the side slot;
card upright
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PROGRAN  LIGTING

Loc

9]
o]
O
m

KEY

(2]
o]
=]
m

~
o}
(o}

CODE

KEY

Loc

x
m
-

o TE& LEBEL
il 11 H

02 32 BiT
gz T3 BRCs
DS I ]
oos &8 B

) ig ia
007 87 IFF
a2 o7 a7
O S o £ T T
npig 17 17
Uil 86 STF
0iz2 01 021
Uiz Fi EER
Oid  2e WRET
nis o= =

oie 232 ETH
017 22 IHY

Poancte
LR
i

N

-

(O 0 B R e 0 N N

—

oo a0

RIS
)= o X2
B o
B il 1
G226 44
ot e B -
27 R
g2e 32
C 2
b=
(=]
o
B B
=7
i
s oo
= o
= E
=
)

a0 e a0

:
oz £
B i3
B -
40 o0

.' -
Ol Tl b o
o L P

T A

iigd
e
Qg &

O S RO R R e I

=
T T T

v T
(L1 SN

_[ T 1:j1 l'... f_:::l I“.‘_'I et

O B S e N

[

L)

JOUURN B S | S

L

s )
0 1

]
NN

-._1:. s,

o ]

i

|

b 0

R R T BN N RN ]

LR S S o I I A I O R

b Y O L o LY
o

e -

J I N

I R

(O RO AR 1 I I NI o I S O I

S
bt

[ O O

Vo 1

Fou Pl 3 Ol o T T

-

e ]

K

-

R |

Pt
t

) Tob o 071 o

=f [

i O I |

OF w0 O e 4 L
B R T R P T T S

SR |

-
i

n
. 5L

[

O

AR

A
e

I

[0
I
e BT I |

* |

ETH
LEL

g 0 0l

o]
A e

A

L [ o

you fen

L I |

1
e
Iy -=Z

a3 oy Y g
|

()

R
e s
e I OV |

e

ot
s N Y A
J o

I
10
L0

i )

g

N e

(IS Y o |

il e

ook oos fos e |

H
TR

e
|

1&@
i0¥

[

O R R I T I S e e e e e e e |
(Y]

B e S8 J O S T O O

K

.,

R P S AT WA S S SO R W ey G et gy Ty e Y

= T LT e 0 [0 s

(A W

=

LOCRUCKCN WG WO IO R |

S

b ke e ke e ot b e G e e e fonie s ke

R

A
Uil

i t:":l'" T,

DL R

S

OO B e B

T [ L e Tl

DO S TR S B T W TR T Y s S B e "N s '

] 0

-

:
g =
=
R
Gt
HHL
=
42

EIN)
s
11
A7
=
o
25
o

—

£

(O O S S

e 08 0 o [l Fold 00X

DU W = ]
e

lj

JvD

ot

=)
Pl =] 0 o 0] gD

'R

=

Lz I = < i
== D T
tesifl o s

S
e
=TO
Qi
LEL

F_!!
o

= e

w 1 [ e ]
&

L s
(|
m

oy
e I

CHE
I

o
A
oo |

o T o] 77 0200 o bt 00000

oo

AL

=

I

1Y)

.

1
i

141
142
143
144
id5
146
147
145

14 -’_'_';

et I T O R s B

Ry

A O B N O O W I RO

=] 0 U B 0 P s

OB R o

Rt I I R R S R T I T 0 O 0 OO RO O O o o B B O B TR I R O O IO IO

b
-
-
|
o5
o=

T S S S s e R W Y e W Wy Wy o vy P

LR O

Un N
(RN N

0 bt o]
120

0
TR R |

i U

OO

1 et

e =
—
&
1, ]

s O

M

N 0 SRR RO Y o Y A e IR R I

LN B I

s Rt B

O

) o 0
Dl S

Je

o e

L
s
i1 4
i1
i =
U )
1
i

o LT -

=]
U ]
Ny
(]
o

1]

L]
S [
e ) P e

- Al
o 1w O I )
u DY &

il

| ]
Vi T
J T

W -,

= D

T

i

v =f 0 ETY

b T} —]

o
(I

W
1A i
-

R

|
ol

L B,
o s e
iy

D

=] = 0 0

A




72

KEY LOC| CODE |KEY LOC|CODE | KEY LOC|CODE|KEY

,..
o
O
(9]
o]
=]
m

=B &
=3 A
S 5
21 op

Tt 0
onite

()

1
|

T com M ot o o ST 6 e Y

R )

[

]

8T e T b

e I w xR ) I A O O

W LT

T R R R B B B e e e e S S A S A
(O e e wo B e N T O O N B N N 0 Y W

-
¥
]

oI e m A

i

d W e

e B o I v B
(R )
v s

on

an i
oo o
oo
g I
&9 0OF
oz 0=
23 OF
{l

L I R
RN

I




APPENDIX C

PROGRAM FOR BARTLETT'S TEST OF

HOMOGENEITY OF VARIANCES



PROGRAM  DESCRIPTION

PROGRAM TITLE: Bartlett's Test

OoBJECTIVES: This program performs the Bartlett's Test for

homogeneity of variances between treatments.

LIMITS FOR: 3) TREATMENTS : any number

b) FACTORS : =
¢c) LEVELS . &

d) REPLICATIONS -

DATA INPUT TyYPE: univariate and bivariate

outputr™: Ccorrected chi-sguare

(+) printed and displayed when PRINTER UNIT is used

T3
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PROGRAM CARD DESCRIPTION

Bartlett's Test

printer is attached

Proc.| Resul, USEHS ‘mSTHUBT‘DmS
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program card 1
2 Load side 2 of program card 2
3 Load side 1 of data cardl 4
4 Load side 2 of data cardl 3
5 Process data card A
5a | If the number of observa-
tions is less than 30 0
5b | If the number of observa-
tions is greater than 30 -
6a | If 5a is true go to step 8
6b | If 5b is true load side 1 of
data card2 3
7 Process data card R/S
7a | If all observations have
been processed go to step 8 0
7b | If step 7a is not true 3. =
7c | Load next data card and go
to step 7
8 Obtain results B Corrected
chi=-
* DATA will be printed if square
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SANMPLE  PROBLEN

EXAMPLE: Bartlett's test for homogeneity of variances
between four treatments. Data from Snedecor and
Cochran (1967), pages 259 and 296.

TREATMENTS
2 . | 4
64 78 75 55
72 91 a3 66
68 97 78 49
77 82 71 64
56 85 63 70
95 T 76 68
ENTER PRESS OUuTPUT COMMENTS

Prog. card

Prog. card

Data card

Data card

display will show # 1
display will show # 2
display will show # 4

display will show #
0 will show in the
display

1.750449383

card upright
card inverted
card upright
card inverted

process finished
Corrected

chi-square
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APPENDIX D

PROGRAM FOR SKEWNESS, KURTOSIS AND

DATA TRANSFORMATION



PROGRAM  DESCRIPTION

PROGRAM TITLE : Skewness, Kurtosis and Data Transformation

oBJECTIVES: This program calculates the four moments--the
mean, variance, and third and fourth moments--
along with coefficients of skewness and kur-
tosis for a set of observations. It also pro-
vides five different types of data transforma-
tions and two types of coding.

LIMITS FOR: a) TREATMENTS B =
b) FACTORS $ =
c)] LEVELS Ui

d) REPLICATIONS

DATA INPUT TYPE: univariate

ourpur™ ;. Mean
Variance
Third moment
Fourth moment
Skewness
Kurtosis

(] printed and displayed when PRINTER UNIT is used

79
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PROGRAM CARD DESCRIPTION

Skewness, Kurtosis & Data Trans.

1/x siﬁﬁg‘ +/= :/X |No. Ts

Init. [Resul. /% |[1lg x |lg x+1 UEEHE INSTRUCTIONS

STEP PROCEDURE ENTER PRESS DISPLAY
l |Load side 1 of program card 1.
2 |Load side 2 of program card 2
3 |Load side 1 of data cardl 4
4 |Load side 2 of data card1 3
5 |Initialize A 0
6 |Select type of transforma-

tion or coding:

1. No transformation 2nd E
2. Square Root of x Cc
3. Logarithm of x D
4. Logarithm of (x+1) E
5. Reciprocal 1/x 2nd A
6. Arc sin of square root(x) 2nd B
7. Addition or subtraction + Value |2nd C
8 Multiplication or

division :/X value |2nd D
6a |If number of observations is
less than 30 2 %
6b |If number of observations is
greater than 30 13" %
7a |If 6a is true go to step 9

7b |If 6b is true load side 1 of

data card2 3
8 Process data card R/S
8a |If all observations have

been processed go to step 9 2 *
8b |If step Ba is not true Y3 vk

8c |Load next data card and go
to step 8 3
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STEP| PROCEDURE ENTER PRESS | DISPLAY
9 Record transformed data 3 2nd
WRITE 3

10 | Obtain results B Mean
R/S |Variance
R/S | 3rd momt.
R/S |4th momt.
R/S | Skewness
R/S |Kurtosis

* RECORD DATA will be
printed if printer is
attached

** DATA will be printed if
printer is attached
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SANMPLE  PRUBLET]

ExamMpLE: Calculation of moments and coefficients of
skewness and kurtosis for a data set. Data from
Snedecor and Cochran (1967), page 259.
TREATMENTS
o ! I2 I3 )
64 78 75 55
72 91 93 66
68 97 78 49
77 82 71 64
56 85 63 70
95 77 76 68
ENTER PRESS OUTPUT COMMENTS
Prog. card display will show # 1 card upright
Prog. card display will show # 2 card inverted
Data card display will show # 4 card upright
Data card display will show # 3 card inverted
A 0 initialization
2nd E| display will show # 2
and RECORD DATA will
be printed if printer
is attached No transformation
B 73.75 Mean
R/S 152.2708333 Variance
R/S 220.2187385 Third moment
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ENTER PRESS OUTPUT COMMENTS
R/S 57462.94839 Fourth moment
R/S 0.1172004242 Coef. of skewness
R/S 2.478303308 Coef. of kurtosis
Trying another trnas-
formation
CLR 0 clearing the
display
RST 0 resetting the
program and clear-
ing flags
Data card display will show # 4 card upright
Data card display will show #3 card inverted
A 0 initialization
€ 2 and RECORD DATA if
printer is attached Square root tran.
B 8.557349436 Mean
R/S 0.5217706309 Variance
R/S -0.028787073 Third moment
R/S 0.69504863 Fourth moment
R/S -0.0763797203 Coef. of skewness
R/S 2.553162312 Coef. of kurtosis
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APPENDIX E

PROGRAM FOR ONE TREATMENT FACTOR IN A

COMPLETELY RANDOMIZED DESIGN



PRUGRAN  DESCRIPTIGIN

One Treatment Factor in a Completely

PROGRAM TITLE : A :
Randomized Design

oBJECTIVES: This program performs an analysis of variance
for one treatment factor arranged in a com-
pletely randomized design.

LIMITS FOR: a) TREATMENTS : any number
b) FACTORS B
¢) LEVELS v
d) REPLICATIONS : any number, equal or not

DATA INPUT TypPeE: univariate

ourpur™: Treatment degrees of freedom

Residual degrees of freedom
Total degrees of freedom
Treatment sum of squares
kResidual sum of squares
Total sum of squares
Treatment mean sgquare
Residual mean sguare
F-ratio for treatments

(~) printed and displayed when PRINTER UNIT is used
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PROGRAM CARD DESCRIPTION

One Treatment Factor in CRD

Proc. |Resul.

USERS {NSTRUCTIONS

* DATA will be printed if
printer is attached

STEP PROCEDURE ENTER PRESS DISPLAY
l | Load side 1 of program card 1
2 |Load side 2 of program card 2
3 |Load side 1 of data cardl 4
4 |Load side 2 of data cardl 3
5 | Process data card A
5al If number of observations is
less than 30 0
5b| If number of observations is
greater than 30 3r %
6a| If 5a is true go to step 8
6b| If 5b is true load side 1 of
data card2 3
7 | Process data card R/S
7a|If all observations have
been processed go to step 8 0
7b|If step 7a is not true 3 ®
7c|Load next data card and go
to step 7 3
8 |Obtain results B Trt. D.F.
R/S Res. D.F.
R/S Tot. D.F.
R/S Trt. S.S.
R/S Res. S.S.
R/S Tot. §.S5.
R/S Trt. M.S5.
R/S Res. M.S.
R/S F-ratio
Trt.
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SANMPLE  PRUBLER

EXAMPLE: Analysis of variance for four treatments arranged
in a completely randomized design. Not all treat-
ments have the same number of observations. Data
from Sokal and Rohlf (1969), page 208.

TREATMENTS
o T2 2 T4
380 350 354 376
376 356 360 344
360 358 362 342
368 376 352 372
372 338 366 374
366 342 372 360
374 366 362
382 350 344
344 342
364 358
351
348
348
ENTER PRESS OUTPUT COMMENTS
Prog. Card display will show # 1 card upright
Prog. Card display will show # 2 card inverted
Data Cardl display will show # 4 card upright
Data Cardl display will show #3 card inverted
A $# 3 will flash in the
display and DATA will
be printed if printer press CLR to
is attached stop flashing
Data Card2 display will show #3 card upright
R/S |0 will show in the
display process finished
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ENTER PRESS OUTPUT COMMENTS

B 3 Treatment D.F.

R/S 33 Residual D.F.
R/S 36 Total D.F.

R/S 1807.727165 Treatment S.S.

R/S 3778.002565 Residual S.S.
R/S 5585.72973 Total S.S.

R/S 602.5757217 Treatment M.S.
R/S 114.4849262 Residual M.S.

R/S

5.263362974

F-ratio for Trt.
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PRINTED GUTPUT

(3
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APPENDIX F

PROGRAM FOR ONE TREATMENT FACTOR IN A

RANDOMIZED COMPLETE BLOCK DESIGN



PROGRANM  DESCRIPTION

One Treatment Factor in a Randomized Complete

OBJECTIVES: This program performs an analysis of variance

LIMITS FOR:

DATA INPUT TYPE: univariate

ourpur™

[+) printed and displayed when PRINTER UNIT is used

for one treatment factor arranged in a random-
ized complete block design. It accepts one
missing observation, estimating its value by
the method given by Snedecor and Cochran (1967) |

a) TREATMENTS : any number
b) FACTORS ; -
¢) LEVELS ; -
d) REPLICATIONS : 15

Treatment degrees of freedom
Block degrees of freedom
Residual degrees of freedom
Total degrees of freedom
Treatment sum of squares
Block sum of squares
Residual sum of squares
Total sum of squares
Treatment mean square
Residual mean sgquare
F-ratio for treatments
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PROGRAM CARD DESCRIPTION
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One Treatment Factor in RCB

Proc. | Resul.

USERS INSTRUCTIONG

STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program card1 1
2 Load side 2 of program card1 2
3 Load side 1 of data cardl 4
4 Load side 2 of data cardl 3
5 Process data card A
5a | If the number of observa-
tions is less than 30 0
5b | If the number of observa-
tions is greater than 30 3" %
6a | If 5a is true go to step 8
6b | If 5b is true load side 1 of
data card2 3
7 Process data card R/S
7a | If all observations have
been processed go to step 8 0
7b | If step 7a is not true 137 *
7c | Load next data card and go
to step 7 3
8 For a printed output go to
step 9; otherwise go to
step 11
9 Load side 1 of program card2
10 |Load side 2 of program card2
11 |Obtain results B Trt. D.F.
R/S Ble: Da.F,
R/S Res. D.F.
R/S Tot. D.F.
R/S Trt. S5.8.
R/S Blc. S.S.
R/S Res. S.S.
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STEP PROCEDURE ENTER PRESS | DISPLAY
R/S |Tot. S.S.
R/S |Trt. M.S.
R/S |Blc. M.S.
R/S |Res. M.S.
R/S |F-ratio
TEt.

* DATA will be printed if
printer is attached




99

SANPLE  PROBLEN

EXAMPLE: Analysis of Variance for six treatments arranged
in a randomized complete block design. Data from
Steel and Torrie (1260), page 136.
BLOCKS
3 Ba B3 B4
T, 4. 6.0 4.
T, 4.9
T3 4. 4-5
TREATMENTS T4 6. 7.0 6.
T 6. 5.9 T»1
Te 6. TeT 6.7
ENTER PRESS OUTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. card1 display will show # 2 card inverted
Data card display will show #4 card upright
Data card display will show #3 card inverted
A 0 will show in the

Prog. card2
Prog. card2

display

display will show # 1
display will show # 2
(You do not have to read
this card unless you

want a printed output)

card
card

process finished

upright
inverted
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ENTER PRESS OUTPUT COMMENTS
B 5 Treatment D.F.
R/S 3 Block D.F.
R/S 15 Residual D.F.
R/S 23 Total D.F.
R/S 31.65208333 Treatment S.S.
R/S 3.14125 Block S.S.
R/S 19.71625 Residual S.S.
R/S 54.509583333 Total S.S.
R/S 6.33047083333 Treatment M.S.
R/S 1.047083333 Block M.S.
R/S 1.314416667 Residual M.S.

R/S

4.816141508

F-ratio for Trt.
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APPENDIX G

PROGRAM FOR LATIN SQUARE DESIGN



PROGRANM  DESCRIPTIGN

PROGRAM TITLE : One Treatment Factor in a Latin Square Design

OBJECTIVES: This program performs an analysis of variance
for one treatment factor arranged in a latin
square design. It accepts one missing observa-
tion, estimating its value by the method given
by Snedecor and Cochran (1967).

LIMITS FOR: a) TREATMENTS : 15
b) FACTORS T
c) LEVELS i =
d) REPLICATIONS : 15

DATA INPUT TYPE: univariate, entering the observations by
rows

ourput™: Row degrees of freedom
Column degrees of freedom
Treatment degrees of freedom
Residual degrees of freedom
Total degrees of freedom
Row sum of squares
Column sum of sguares
Treatment sum of squares
Residual sum of squares
Total sum of squares
Row mean square
Column mean sguare
Treatment mean square
Residual mean square
F-ratio for treatments

(«) printed and displayed when PRINTER UNIT is used
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PROGRAM CARD DESCRIPTION

One Treatment Factor in LS

Proc. |Resul | Totalg Tot.MO USERS INSTRUCTIGNSG
STEP PROCEDURE ENTER PRESS DISPLAY
3 Load side 1 of program card1 1
2 Load side 2 of program cardl 2
3 Load side 1 of data cardl 4
4 Load side 2 of data cardl 3
5 Input treatment totals Totali C 'I‘otali
5a | If you have a missing obsv. Total-MO D Total-MO
6 Process data card A
6a | If the number of observa-
tions is less than 30 0
6b | If the number of observa-
tions is greater than 30 '3 *
7a | If 6a is true go to step 9
7b | If 6b is true load side 1 of
data card2 3
8 Process data card R/S
8a | If all observations have been
processed go to step 9 0
8b |If step 8a is not true v3x
8c |Load next data card and go to
step 8 3
9 For a printed output go to
step 10; otherwise go to
step 12
10 |Load side 1 of program card, 1
11 |Load side 2 of program card; 2
12 |Obtain results B Row D.F.
R/S |Col. D.F.
R/S |Trt. D.F.
R/S |Res. D.F.
R/S |Tot. D.F.
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STEP PROCEDURE ENTER PRESS | DISPLAY
R/S Row S.S.
R/S Col. S.S.
R/S Trt. S.S.
R/S Res. S.S.
R/S Tot: 8.8.
R/S Row M.S.
R/S Col. M.S.
R/S. |Trt. M.S.
R/S Res. M.S.
R/S F-Ratio

Trt.

* DATA will be printed if
printer is attached
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oANPLE

PRUBLER]

ExamMpLE: Analysis of Variance for four treatments arranged
in a latin square design. Data from Steel and
Torrie (1960), page 148,
COLUMNS
¢y C2 C3 Cy
Ry Cc = 10.5 D= 7.7 B =12.0 A=13.2
R, B =11.1 A= 12.0 c =10.3 D= 7.5
ROWS
R,y D= 5.8 Cc = 12.2 A =11.2 B = 13.7
R, A =11.6 B =12.3 D= 5.9 C = 10.2
Treatment Totals A = 48.0
B = 49.1
C = 43.2
D = 26.9
ENTER PRESS OUTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. card1 display will show # 2 card inverted
Data card display will show # 4 card upright
Data card display will show # 3 card inverted
48.0 c 0 treatmentA total
49.1 C 0 treatment total
43.2 C 0 treatmentC total
26.9 C 0 treatmentD total
A 0 will show in the
display process finished
Prog. card2 display will show # 1 card upright
Prog. card2 display will show # 2 card inverted
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ENTER PRESS OUTPUT COMMENTS
(You do not have to
read this card unless
you want a printed
output)
B 3 Row D.F.
R/S 3 Column D.F,
R/S 3 Treatment D.F.
R/S 6 Residual D.F.
R/S 15 Total D.F.
R/S 1.955 Row S.S.
R/S 6.8 Column S.S.
R/S 78.925 Treatment S.S.
R/S 2.72 Residual S.S.
R/S 90.4 Total S.S.
R/S 0.6516666667 |Row M.S.
R/S 2.266666667 Column M.S.
R/S 26.3083333 Treatment M.S.
R/S 0.453333333 Residual M.S.

R/S

58.03308824

F-Ratio for Trt.
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APPENDIX H

PROGRAM FOR T-TEST OF UNPAIRED OBSERVATIONS



PRUOGRANT  DESCRIPTIGH

PROGRAM TITLE: T-Test of Unpaired Observations

OBJECTIVES: This program performs a t-test for significant
differences between two means (Ea, ES) when

the observations are unpaired,

LIMITS FOR: a) TREATMENTS : 2

b) FACTORS & =

¢c] LEVELS g e

d) REPLICATIONS

DATA INPUT TYPE: bivariate

ourput™: Treatment means, Eé and ;b

t-value

) printed and displayed when PRINTER UNIT iIs used
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PROGRAM CARD DESCRIPTION

t-Test for Unpaired Observ.
Proc. | Resul{Hgpval USEHS IHSTHUBTMHS
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program card 1
2 Load side 2 of program card 2
3 Load side 1 of data cardl 4
4 Load side 2 of data card1 3
5 Enter null hypothesis (HO)
value, otherwise assume
g =20 HO value C Ho value
6 Process data card A
6a | If the number of observations
is less than 30 0
6b | If the number of observations
is greater than 30 '3 *
7a | If 6a is true go to step 9
7b | If 6b is true load side 1 of
data card2 3
8 Process data card R/S
8a | If all observations have
| been processed go to step 9 0
8b | If step 8a is not true t3r =
8c | Load next data card and go
to step 8 3
9 Obtain results B Eé
R/S Xy
R/S t-Value
* DATA will be printed if
printer is attached
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SAMPLE

PRUBLER

ExaMpPLE: t-test for significant difference between two
means, unpaired observations. Data from Sokal
and Rohlf (1969), page 218.
i, B
Te2 8.8
Ted 445
9.1 Tod
Twd 7.6
Twd 7.4
T2 6.7
75 7.2
ENTER PRESS OUTPUT COMMENTS
Prog. card display will show # 1 card upright
Prog. card display will show # 2 card inverted
Data card display will show # 4 card upright
Data card display will show # 3 card inverted
A 0 will show in the
display process finished
B 7.514285714 Eé
R/S 7.557142857 Xy
R/S -0.1185854123 t-value
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APPENDIX I

PROGRAM FOR T-TEST OF PAIRED OBSERVATIONS



PROGRANM  DESCRIPTION

PROGRAM TITLE : t-Test of Paired Observations

OBJECTIVES: This program performs a t-test for significant
differences between two means when observations
are paired,

LIMITS FOR: 2) TREATMENTS : 2
b) FACTORS N
c) LEVELS 5§ e
d) REPLICATIONS : any number

DATA INPUT TYPE: bivariate

ourput™ . Treatment means, ;é and x

t=-value

(+) printed and displayed when PRINTER UNIT is used
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PROGRAM CARD DESCRIPTION

t-Test Paired Observations

Proc.| ResulJlH, val] UEEHS ]HSTHUET‘GHS
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program card 1
2 Load side 2 of program card 2
3 | Load side 1 of data card, ' 4
& Load side 2 of data card1 3
5 Enter null hypothesis (Ho)
value, otherwise assume
pu=20 Hovﬂue C HOVMMe
6 Process data card A
6a | If the number of observa-
tions is less than 30 0
6b | If the number of observa-
tions is greater than 30 L
7a | If 6a is true go to step 9
7b | If 6b is true load side 1
of data card2 3
8 Process data card R/S
8a | If all observations have
been processed go to step 9 0
8b | If step Ba is not true o
8c |Load next data card and go
to step 8 3
9 |Obtain results B Ea
R/S Xy
R/S t-value
* DATA will be printed if
printer is attached




SAMPLE  PROBLEN

ExampLE: t-Test for significant difference between two
means, paired observations. Data from Sokal and
Rohlf (1969), page 330.
e -
T+33 753
7.49 7.70
727 7.46
7+93 8.21
7.56 7:81
7:81 8.01
7.46 TsT2
6.94 713
7.49 7.68
7.44 7.66
7T i35 8.11
7.47 7.66
7.04 7420
7.10 7:25
7.64 7.79
ENTER PRESS OUTPUT COMMENTS
Prog. card display will show # 1 card upright
Prog. card display will show # 2 card inverted
Data card display will show # 4 card upright
Data card display will show # 3 card inverted
A 0 will show in the
display process finished
B 7.461333333 ia
R/S 7.661333333 §b
R/S 19.72026594 t-Value paired
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APPENDIX J

PROGRAM FOR COVARIANCE ANALYSIS IN A

COMPLETELY RANDOMIZED DESIGN



PRGGRAN  DESCRIPTIGN

Covariance Analysis in a Completely

PROGRAM TITLE : pandomized Design

OBJECTIVES: This program performs an analysis of covariance
for one treatment factor and one covariate
arranged in a completely randomized design.

LIMITS FOR: 2) TREATMENTS : any number, with one covariate
b) FACTORS i =
c) LEVELS o=
d) REPLICATIONS : any number, equal or not

DATA INPUT TYPE: Dbivariate

ourpur™: Treatment degrees of freedom
Residual degrees of freedom
Treatment + residual degrees of freedom
Treatment sum of squares for Y, XY, and X
Residual sum of squares for Y, XY, and X
Treatment+residual sum of squares for Y, XY, and X
Residual adjusted degrees of freedom
Treatment+residual adjusted degrees of freedom
Treatment adjusted degrees of freedom
Residual adjusted sum of squares
Treatment+residual adjusted sum of sqguares
Treatment adjusted sum of squares
Residual adjusted mean square
Treatment adjusted mean square
F-ratio for adjusted treatments

(+) printed and displayed when PRINTER UNIT is used
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PROGRAM CARD DESCRIPTION

Covariance Analysis in CRD

EEE | NE USERS {NSTRUCTIONG
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program cardl 1
2 Load side 2 of program cardl 2
3 Load side 1 of data cardl 4
4 Load side 2 of data cardl 3
5 Process data card A
5a| If number of observations is
less than 30 0
5b| If number of observations is
greater than 30 | 3L *
6a| If step 5a is true go to
step 8
6b| If step 5b is true load side
1 of data card2 3
7 Process data card R/S
7a| If all observations have
been processed go to step 8 0
7b| If step 7a is not true L L
7c | Load next data card and go
to step 7 3
8 For a printed output go to
step 9; otherwise go to
step 13
9 Set new partition 3 2nd
OP 17| 719.29
10 | Load side 1 of program card2 1
11 | Load side 2 of program card2 2
12 | Load side 1 of program card3 3
13 | Obtain results B Trt. D.F.
R/S Res. D.F.
R/S T+R D.F,




132

STEP PROCEDURE ENTER PRESS DISPLAY
R/S |Trt. Y
S.S.
R/S Trt. XY
S.SI
R/S |Trt. X
S.S.
R/S Res. Y
S.S.
R/S Res. XY
S.S.
R/S Res. X
S.S.
R/S T+R Y
S.S.
R/S T+R XY
S.S.
R/S T+R X
S.S.
R/S Res, adj.
D.F.
R/S |T+R adj.
D.F.
R/S Trt. adj.
D.F.
R/S Res. adj.
S.S.
R/S T+R adj.
S.S.
R/S Res. adj.
M.S.
R/S Trt. adl.
M.S.
R/S F-ratio
for Trt.
adj.

* DATA will be printed if
printer is attached
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SARPLE

PROUBLEN]

EXAMPLE: Analysis of covariance for three treatments and

one covariate arranged in a completely randomized

design. Data from Snedecor and Cochran (1967),
page 422.
T1 T2
x xr X X X ¥
11 6 6 0 16 13
0 6 2 13 10
2 7 3 11 18
14 8 8 1 9 3
19 2L 18 18 21 23
6 8 4 16 12
10 13 19 14 12 5
6 8 9 12 16
11 5 " 7 1
3 15 9 12 20
ENTER PRESS OUTPUT COMMENTS
Prog. cardl display will show # card upright
Prog. cardl display will show # card inverted
Data cardl display will show # card upright
Data card display will show # card inverted

1

Data card2

R/S

is attached

display

# 3 will flash in the
display and DATA will
be printed if printer

display will show # 3
0 will show in the

press CLR to stop
flashing
card upright

process finished
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ENTER PRESS oOUTPUT COMMENTS
Prog. card2 display will show # 1 |card upright
Prog. ca.rd2 display will show # 2 |[card inverted
(You do not have to
read this card unless
you want a printed
output)
B 2 Treatment D.F.
R/S 27 Residual D.F.
R/S 29 Trt.+Res. D.F.
R/S 293.6 t. ¥ 8.8.
R/S 145.8 TrE. XY 8.8,
R/S 72.86666667 Trts X 5.9
R/S 995.1 Residual Y S.S.
R/S 585.4 Residual XY S.S.
R/S 593.0 Residual X S.S.
R/S 1288.7 Trt.+Res. Y S.S.
R/S 1312 Trt.+Res. XY S.S.
R/S 665.8666667 Trt.+Res. X S.S.
R/S 26 Residual D.F. adj.
R/S 28 Trt.+Res. D.F.adj.
R/S 2 Trt. D.F. adj.
R/S 417.202597 Residual S.S. adj.
R/S 485.7563076 Trt.+Res S.S. adj.
R/S 68.55371061 Trt. S.5. adj.
R/S 16.04625373 Residual M.S. adj.
R/S 34.2768553 Treatment M.S. adj

R/S

2.136128213

F-Ratio for Trt.




PRINTED GUTPUT

135

T n m " “ w W om " 4 u noom T " " woow
IT1 s 1 O] [ NI DI 0T [ MpEe] O Y O] et 100 D 1] P ] O L
opae] oyl [ I sperend ek s opuee] DY A | apeaee)
[
1=
(|
LK
El
]
Lt
(T
" " " " " " " " u " " " " " “ " " " " " " " - " Ll L3 "
(g a0 L B | [FCRs | w0 1 el DY o [ I V] LY et et 1 D ] O] Ry | [

i ] e =l e et R




136

[ |

[

|

L

.“...H

o
L1l

LEL




137

LISTING

LOC | CODE |KEY

PRUGRAN

LOC |CODE |KEY

CRD

in

Covariance Analysis

| W I Y B
L e

T

DR V(RN s o VS
AU 1 (e e B 1

LIDRC O RO RO R
U EE VAR s plURN s S

O e TR e ST e O] LT [ O T e 0] 0T e LT 0 P 0T T e T 0T e L e e o200 T
] S ol ol i w4 ol O O (N 1 O T O N T N VA N N A w Y w T wCRCY Y w B Y T S S S S R R SR IC R
e e e

B B T e T e T e T e T et T e T e IO e T e e e B B B B e T o e T e e s A s s T, S A, s A it i S

B I ' S SR A Pl B LY I DRI BT o ol I
[ I T L = et B I S TS T U T I T O o B

VER A i TER v R

e
iem

—l

DU e ol [
Lo I R N e

D BCS BOCHR s B N R O D o LW N BN BTN [ A
T

2] [ et T e CE T et 00 e 1T T

D ol 1 O R A I W [ 20
e T e T e I e B e B B B N R |
-~ L]

i v

b ol VU W R
DU R ]

D R0 e i}

LOC |CODE |KEY

by

o e B W T ey

s SN IR R B SN

RO R e SO SO 1 IR R SOS  w O [ 00 T 1 e o

e TR

s sl sl T O O O O O e O T Y W h U IR I I 000 0 0 0
s oo s, o oo v e J o o v e o Yo e v 5w o v v e [ o e e o i 2 (T |.M ]

LOC |CODE |KEY

% RN (RN R o

o st 0, weed L] 0 T T

D T Y o 3 ol U O T ST e B AW -l I Y T A o O o S B

A A ol VROV W (SR W A U o [

-

! "
P o o e v e i e B R S B R R B e e e B | (DO S| T DT T LY i o S S of
(] 0 T o, B I w0 v o s v s v v o o o e e e v o ot e O i o o




138

LOC|CODE | KEY

RN s S )

(Wi e
e BN

U O

O
=

0707 )

DO AR s
=

0 T 00 0

N T T

£ 0 0 0 0

AR

LOC|CODE | KEY

e

b
1w )

L

el

U T R
o R I

LOC|CODE |KEY

0 12T et 0
g VO VO ()
Do BOR e |

OO T
L Ut b
[y |

S T

D R

1 U
(TR

wf
(u]
i) L

il R
D N O L
D A LT S

LOC|CODE |KEY

R nes B B o B B o B

) .-..._
) 0 0 e O )




139

LOC|CODE|KEY

Il
TG L
o M

A 1T
N

T 0 et 0]
L ORI

DO TR

(i} ..:,_..._ |

AU ol RN O R O
DY Y

NN W RO S

(o |

e

TR
DO

LOC|CODE |KEY

i et 1

il

e e Y ]

£

D

J—

a‘:l_

i

D

R

Y

i

0 b
[ R

LOC|CODE |KEY

121
Ll

sl T ]

TR LN N Y |

u
o
.q...—.. -

[

AW

T
o o o

LOC|CODE |KEY

B0 ROl TR o

D R R N B
00 e e

e e e e e i e e e el 8

el

o e

U

D I Oy |
v gl gl

A e e

120 et 0] ) L
D S RN O B N B I
i i S G i

L




140

LOC|CODE |KEY

-~
o}
O
3]
o
=)
m
x
m
<
r-
Q
(3]
(3]
(o]
=]
m

KEY LOC|CODE|KEY

i 13 o 245 01 i
< 127 i 24 07 7
= 133 2 =47 03z
gorF 133 a 243 08 £
0 200 & 249 o0 o
rF z i 250 oo o
! e i:i 2 f 1 -
4 o
=

N o
L I T P SO O N

(O RO R RO X ]

4

-

4

i

12
- a4
4 1.
% g z
i 15" =
i i &
1 1! = - -
1L 13 = =5 15
110 A 5 i 20 = e 33
111 Q0o 0 it 3 203 2 REL 2528 22
112 4o o iE = 210 22 22 259 75 =
i1z () ik = 11 s = &0 d 3 L
114 <o 4 o o bE 43 a1 T, T,
& & T P o} - i — — - R ¥ — T !
115 01 i & 213 &85 ces2 35 =
ile g9 = 4 2id S 2ea 42
I R iF il 215 = SEd 1=
iia &% 147 5 216 ¥ 29 9%
= B 168 orF 217 o 266 91
120 4 1653 0 218 267 28
1 ivo oid iy I
i 17 220 = 2E 5
1 1 221 i 270 (4
. E T = =l § 7 =
i f{ i cEs i =i i iy {
5 1 . T ] ol o o B
3 8 { —— et o] = _i.0 -t
4 . oA & DT 0= 5
i 17 2Ed £ : 05 5
1 17 Nk 4 T T
1 i: et = o
i 13 o7 5 a4 4
1 i3 5 5 o
i : 1 '_'_ 1 i §':|
1 1 i i

12

i

s

i

H

1 -
1zs 1

-g { =y L | o

< et et = T

1 3E - ==

R [ [

137 : 29

135 g5

i i R ,
I Tt - — —_—
i 5 13 07 :
i- £ i s =
1 £ K, 07 7
i = i * 3
i = i i: =
7 ! s
1 o i g <




141

LOCICODE |KEY

WUt I St Lo S o T sl O e T T U T

[ [}

D) T e [ R R e B NN i AL SO I o B w O T REDRCROR I T
s Oy YO Y B o T S B R N O A5 N B

EaCn O T RS I

PR B R~ o TR Y S S et NN o ol N T SO O v
B0 S i ol e s il ol i ol O T O ¥ ¥ O T N VT R WY W
B e R Y i e sl W W M O I N N N T W M M

| O O

B o i 0 e

LOC|CODE |KEY

) A=l
R I R I T I O R e o T

. [

wd T ek 0 X
b o ede 0L B LD

] s [ DR 1L

O e R R

=

L

o] O

o el

sy

e et 10

DO Ry D

DA I T ol [N I PP T S DRaCI I L B
e I I e T T e HUCY BN BN B B B N |

|
e e i e W s Sk e M e e s M M W M X

LOC| CODE |KEY

o T T O LT e P 1 0 5 Sl [ I ]

IR TRUE N SRR i o
e L s B e e

[l 1 S S o e R C B N |
e e o ahe ae e  R A TRl T

T T T 0T T 0T T 0T 0

DR RO R A I R I |

LOC|CODE |KEY

P I A T Y O N i T
[ i

DR Y

=l =

Lol |




142

" r~
| o
o

~
o
[3]

LOC

CODE

KEY

3 IO O Y S

sl U e D0 Tal e

T
il et

Sl T ] e D T

]

L0 R | Ry | ¢ W) ) S R P AR ST S T S

L ol n
[ o =SS S B

i
&
<
s
=
4
&
]
£
-
E

[ YW S " X

W s W G I I O IO

S R R

B S R

nennonoon
Ja e e e

n

I =R

)

A A S S

R SR )

=
5
=
b}
=
23 |
=
o
=
b
i~
|
=
ot

[ R | %

T F] A

L B |

L TGy T Ay s O O O s RO RO Sl )

o o
USRI I O I O

(R
T T 1

T T

3 F',' X

L e

N IR

Vo U F] a0

ST T B R B A I A I G

O 0 O T O T 0 0 0 0 0 T

13 L Y )

(]
y]

0

0 AN RO TN o AT Y AT 1 A 3 S

P o 1 [t i i

4l

[y s
[y

OO O R N S O S P

1 feete |

RN

=
I S |
P
et e
i-., -

ikt

LN

R

o

o




APPENDIX K

PROGRAM FOR COVARIANCE ANALYSIS IN A

RANDOMIZED COMPLETE BLOCK DESIGN



PRUGRATY  DESCRIPTION

Covariance Analysis in a Randomized Complete

PROGRAM TITLE : B]ock Design

ossecrives: This program performs an analysis of covariance
for one treatment factor and one covariate
arranged in a randomized complete block design.

LIMITS FOR: a) TREATMENTS : any number, with one covariate
b) FACTORS o=
¢/ LEVELS =
d) REPLICATIONS : 6

DATA INPUT TYPE: bivariate

ourpur™ : Block degrees of freedom
Treatment degrees of freedom
Residual degrees of freedom
Treatment+residual degrees of freedom
Block sum of squares for Y, XY, and X
Treatment sum of squares for Y, XY, and X
Residual sum of sgquares for Y, XY, and X
Treatment+residual sum of squares for Y, XY, and X
Residual degrees of freedom adjusted
Treatment+residual degrees of freedom adjusted
Treatment degrees of freedom adjusted
Residual sum of squares adjusted
Treatment+residual sum of squares adjusted
Treatment sum of squares adjusted
Residual mean square adjusted

*] printed and displayed when PRINTER UNIT is used
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Treatment mean sguare adjusted
F-ratio for adjusted treatments
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PROGRAM CARD DESCRIPTION

Covariance Analysis in RCB

USERS INSTRUCTIONG
STEP PROCEDURE ENTER PRESS DISPLAY
i Load side 1 of program card1 1
2 Load side 2 of program card1 2
3 Load side 1 of data cardl 4
! Load side 2 of data cardl 3
5 Process data card A
5a If the number of observa-
tions is less than 30 0 *
5b If the number of observa-
tions is greater than 30 3y w%
6a If step 5a is true go to
step 8
6b If step 5b is true load side
1l of data card2 3
7 Process data card R/S
7a If all observations have
been processed go to step 8 0 *
7b If step 7a is not true '3 %%
7c Lecad next data card and go
to step 7 3
8 Set new partition 3 2nd
OP 17 (719.29
b Load side 1 of program card2 I
10 Load side 2 of program card2 2
11 Load side 1 of program card3 3
L2 Obtain results B Block D.F.
R/S |Trt. D.F.
R/S |Res. D.F.
R/S [T+R D.F.
R/S PBlc. Y
S.S.
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STEP PROCEDURE ENTER PRESS | DISPLAY
R/S |Blc. XY
S.S
R/S |Blc. X
S.S.
R/S |Trt. Y
S .S L
R/S |Trt. XY
S IS -
R/S |Trt. X
S .S .
R/S |Res. Y
S.S.
R/S |Res. XY
S.S.
R/S |Res. X
S.5.
R/S |T+R Y
S CS -
R/S |T+R XY
S.S.
R/S |T+R X
S.S.
R/S |Res. adj.
D.F.
R/S |T+R adj.
D.F.
R/S |Trt. adj.
D,.F,
R/S |Res. adj.
S.S.
R/S |T+R adj.
S.S8.
R/S |Trt. adj.
S .S .
R/S |Res. adj.
M.S -
R/S |Trt. adj.

M.S.




* PROG. CARD(2) will be
printed if printer is
attached

** DATA will be printed if
printer is attached

STEP PROCEDURE ENTER PRESS DISPLAY
R/S F-ratio
for Trt.




148

SANMPLE  PROBLER

ExampLE: Analysis of covariance for six treatments and one
covariate arranged in a randomized complete block
design. Data from Snedecor and Cochran (1967),
page 428.
BLOCKS
1 2 3 4
TREATMENTS X Y X Y X Y X Y
T, 28 202 22 165 27 191 19 134
T, 23 145 26 201 28 203 24 180
T, 27 188 24 185 27 185 28 220
T, 24 201 28 231 30 238 30 261
Ty 30 201 26 178 26 198 29 226
'I'6 30 228 25 221 27 207 24 204
ENTER PRESS OuTPUT COMMENTS
Prog. cardl display will show # 1 |card upright
Prog. card2 display will show # 2 |card inverted
Data cardl display will show # 4 |card upright
Data card, display will show # 3 |[card inverted
A number 3 will flash in
the display and DATA
will be printed if press CLR to stop
printer is attached flashing
Data card, display will show # 3 |card upright

R/S 2 will show in the dis-
play and PROG. CARD(2)
will be printed if

printer is attached




149

ENTER PRESS OUTPUT COMMENTS
3 2nd
orP 17 719.29 new partition
Prog. card2 display will show # 1 card upright
Prog. card2 display will show # 2 card inverted
Prog. card3 display will show # 3 card upright
B 3 Block D.F.
R/S 5 TrEs Da.Fs
R/S 15 Res. D.F.
R/S 20 Trt+Res. D.F.
R/S 436.1666666 Block Y S.S.
R/S 8.5 Block XY S.S.
R/S 21.66666667 Block X S.S.
R/S 9490.0 PrE: ¥ 8:8s
R/S 559 .25 Trt. XY S.S.
R/S 45.83333334 *t. X 8.85.
R/S 8752.333333 Res. Y S.S.
R/S 917 .25 Res. XY S.S.
R/S 113.8333333 Res. X S.S.
R/S 18242.33333 Trt+Res. Y S.S.
R/S 1476.5 Trt+Res. XY S.S.
R/S 159.6666667 Trt+Res X S.S.
R/S 14 Residual D.F. adj,
R/S 19 Trt+Res D.F. adj.
R/S 5 Trt. D.F. ad].
R/S 1391.285932 Res. S.S. adj.
R/S 4588.561413 Trt+Res S.S. adj.
R/S 3227.275481 Trt. 8.8. ad].
R/S 97.23470943 Residual M.S. adj.
R/S 645.4550962 Trt. M.S. adj.
R/S 6.638114105 F-Ratio for Trt.

adjusted
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APPENDIX L

PROGRAM FOR TWO=-FACTOR FACTORIAL IN A

COMPLETELY RANDOMIZED DESIGN



PROGRAN  DesCRIPTION

Two Factor Factorial in a Completely
PROGRAM TITLE : pandomized Design

oBJECTIVES: This program performs an analysis of variance
for two treatment factors arranged factorially
in a completely randomized design.

LIMITS FOR: a) TREATMENTS : any number of treatment
combinations
b) FACTORS 2
c) LEVELS : First factor - any number
Second factor - 15
d) REPLICATIONS : any number

DATA INPUT TYPE: univariate

ourput™ . Treatment degrees of freedom
Main effect A degrees of freedom
Main effect B degrees :0of freedom
First-order interaction AB degrees of freedom
Residual degrees of freedom
Total degrees of freedom
Treatment sum of squares
Main effect A sum of squares
Main effect B sum of sqguares
First-order interaction AB sum of squares
Residual sum of sqguares
Total sum of squares
Main effect A mean square
Main effect B mean square

First-order interaction AB mean square

(+) printed and displayed when PRINTER UNIT s used
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Residual mean square
F-ratios for main effects A and B and first-

order interaction AB
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PROGRAM CARD DESCRIPTION

Two Factor Factorial in CRD

proc [Resuil ¥ » | USERS INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
B Load side 1 of program cardl 1
2 Load side 2 of program cardl 2
3 Load side 1 of data cardl 4
4 Load side 2 of data cardl 3
5 Enter number of levels of A # A c # A
6 Enter number of levels of B # B D # B
7 Process data card A
7a | If number of observations is
less than 30 0
7b | If number of observations is
greater than 30 '3
8a |If step 7a is true go to
step 10
8b | If step 7b is true load side
1 of data card2 3
9 Process data card R/S
9a | If all observations have
been processed go to step 10 0
9b |If step 9a is not true ‘3t >
9¢c |Load next data card and go
to step 9 3
10 |For a printed output go to
step 1l; otherwise go to
step 13
11 |Load side 1 of program card2 i
12 |Load side 1 of program card2 2
13 |Obtain results B Tr€. D.F.
R/S A D.F.
R/S B D.F.
R/S AB D.F.
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STEFJ

PROCEDURE ENTER PRESS | DISPLAY
R/S |Res. D.F.
R/S |Tot. D.F.
R/S |Trt. S§.S.
R/S A S.S.
R/S B S.S.
R/S AB S.S.
R/S |Res. S.S.
R/S |Tot. S.S.
R/S A M.S.
R/S B M.S.
R/S AB M.S.
R/S |Res. M.S.
R/S |F-ratio A
R/S |F-ratio B
R/S |F-ratio

AB

* DATA will be printed if
printer is attached




SAMPLE  PRUBLER

EXAMPLE: Analysis of variance for two treatment factors,
the first factor at 2 levels and the second at
3 levels, arranged factorially in a completely
randomized design. Data from Snedecor and
Cochran (1967), page 347.
i fy
w S B | ot S B
73 98 94 90 107 49
102 74 79 76 95 82
118 56 96 90 97 73
104 111 98 64 80 86
81 95 102 86 98 81
107 88 102 51 74 97
100 82 108 12 74 106
87 77 91 90 67 70
117 86 120 95 89 61
311l 92 105 78 58 82
ENTER PRESS OuTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. cardl display will show # 2 card inverted
Data cardl display will show # 4 card upright
Data card1 display will show # 3 card inverted
2 C 2 # of levels of A
3 D 3 # of levels of B
A # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop
is attached flashing
Data card2 display will show # 3 card upright
R/S 0 will show in display | process finished




lée3

ENTER

PRESS

ouTPUT

COMMENTS

Prog. card2
Prog. card2

R/S
R/S
R/S

R/S
R/S
R/S
R/S
R/S
R/S

R/S
R/S
R/S
R/S
R/S

display will show # 1
display will show # 2
(You do not have to
read this card unless
you want a printed
output)

[LC T ST ¥

54
59
4612.933333
3168.266667
266.5333334
1178.133333

11586.0
16198.93333
3168.266667
133.2666667
589.0666667

214.5555556
14.7666494
0.6211289489
2,745520456

card upright
card inverted

Treatment D.F.
Main effect A D.F.
Main effect B D.F,
Interaction AB
D.F.
Residual D.F.
Total D.F.
Treatment S.S.
Main effect A S.S.
Main effect B S.S.
Interaction AB
S.8{
Residual S.S.
Total S.5.
Main effect A M.S.
Main effect B M.S.
Interaction AB
M.S|
Residual M.S.
F-Ratio for A
F-Ratio for B
F-Ratio for AB
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Two-Factor Factorial in CRD
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APPENDIX M

PROGRAM FOR TWO~-FACTOR FACTORIAL IN A

RANDOMIZED COMPLETE BLOCK DESIGN



PROGAAN  DESCRIPTION

Two Factor Factorial in a Randomized Complete

PROGRAM TITLE : Block Design

oBJECTIVES: This program performs an analysis of variance
for two treatment factors arranged factorially
in a randomized complete block design.

LIMITS FOR: a) TREATMENTS : any number of treatments com-
binations
b) FACTORS 5 2
¢) LEVELS . First factor - any number

Second factor - 14
d) REPLICATIONS : 14

DATA INPUT TYPE: univariate

ourput™ : Block degrees of freedom
Main effect A degrees of freedom
Main effect B degrees of freedom
First-order interaction AB degrees of freedom
Residual degrees of freedom
Total degrees of freedom
Block sum of squares
Main effect A sum of squares
Main effect B sum of squares
First-order interaction AB sum of squares
Residual sum of squares
Total sum of squares
Main effect A mean square
Main effect B mean square
First-order interaction AB mean square

() printed and displayed when PRINTER UNIT is used
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Residual mean sguare
F-ratios for main effects A and B and first-
order interaction AB
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PROGRAM CARD DESCRIPTION

Two Factor Factorial in RCB

step 14; otherwise to to 16

Proc.| Resull # A-B USEHS ‘mETHU[:TH]mE
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program cardl 1
2 Load side 2 of program card1 2
3 Load side 1 of data card1 4
4 Load side 2 of data card1 3
5 Enter # of levels of A $# A c # A
6 Enter # of levels of B ¢ B R/S # B
7 Process data card A
7a | If number of observations is

less than 30 0
7b | If number of observations is

greater than 30 3 =
8a | If step 7a is true go to

step 13
8b | If step 7b is true load side

1l of data card2 3
9 Process data card R/S
10al If all observations have

been processed go to step 11 3 %%
10b| If step 10a is not true i L
10c| Load next data card and go

to step 9
11 |Load side 2 of data cardl
12 | Process data card R/S
12a| If all observations have

been processed go to step 13 0
12b| If step 1l2a is not true S
l2c|Load next data card and go

to step 12
13 |For a printed output go to
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STEP] PROCEDURE ENTER PRESS DISPLAY

14 | Load side 1 of program card2

15 | Load side 2 of program card2 2

16 | Obtain results B Blc. D.F,
R/S A D.F.
R/S B D.F.
R/S AB D.F.

R/S Res. D.F.
R/S Tots D.F.
R/S Blc. S.S5.

R/S A S.S.
R/S B S.S.
R/S AB S.S.

R/S Res. S.S.
R/S Tot. S.S.

R/S A M.S.
R/S B M.S.
R/S AB M.S.

R/S Res. M.,S.
R/S F-Ratio A
R/S F-Ratio B
R/S F-Ratio
AB
* DATA will be printed if
printer is attached

** DATA will be printed if
printer is attached, but
# 3 will not flash. This
indicates that you must
read only side 2 of data

cardl
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SANPLE  PRUBLEN

ExAMPLE: Analysis of variance for two treatment factors,
each at three levels, arranged factorially in a
randomized complete block design. Data from
Snedecor and Cochran (1967), page 352.

BLOCKS
1 2 3 o
Bl 56 45 43 46
Al B2 60 50 45 43
B4 66 57 50 50
Bl 65 61 60 63
A, B, 60 | 58 56 60
B, 53 53 48 55
Bl 60 61 50 53
A3 B2 62 68 67 60
B3 73 77 Vi) 65
ENTER PRESS OUTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. cardl display will show # 2 card inverted
Data card1 display will show # 4 card upright
Data cardl display will show # 3 card inverted
3 C 3 # of levels of A
3 R/S 3 # of levels of B

A # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop
is attached flashing

Data card2 display will show # 3 card upright




176

ENTER PRESS oOUTPUT COMMENTS
R/S # 3 will be in the
display and DATA will
be printed if printer |data cardl must
is attached be re-entered
Data cardl display will show # 3 |card inverted
R/S # 3 will flash in the
display and DATA will
be printed if printer |press CLR to stop
is attached flashing
Data card2 display will show # 3 |card upright
R/S 0 will be in the

Prog. card2

Prog. card2

R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/S

display
display will show # 1
display will show # 2
(You do not have to read
this card unless you
want a printed output)
3
2
2
4
24
35
255.6388889
1027.388889
155 ,0555555
765.4444445
424.1111111
2627.638889
513.6944445
771.52777175
191.3611111
17.6712963

pProcess finished
card upright
card inverted

Block D.F.
Factor A D.F.
Factor B D.F.
Inter. AB D.F.
Residual D.F.
Total D.F.
Block S.S.
Factor A S.S.
Factor B S.S.
Inter. AB S.S.
Residual S.S.
Total S.S.
Factor A M.S.
Factor B M.,S.
Inter. AB M.S.
Residual M.S.
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ENTER PRESS OUTPUT COMMENTS
R/S 29.06942625 F-Ratio for A
R/S 4,387215089 F-Ratio for B
R/S 10.82892324 F-Ratio for AB
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APPENDIX N

PROGRAM FOR THREE-FACTOR FACTORIAL IN A

COMPLETELY RANDOMIZED DESIGN



PROGRAN  DESCRIPTIGN

Three Factor Factorial in a Completely
PROGRAM TITLE : Randomized Design

OBJECTIVES: This program performs an analysis of variance
for three treatment factors arranged factor-
ially in a completely randomized design.

LIMITS FOR: a) TREATMENTS : any number of treatment
combinations
b) FACTORS ;3
c) LEVELS : any number for any factor
d) REPLICATIONS : any number

DATA INPUT TypPe: univariate

ourpur™ :Main effects A, B, and C degrees of freedom
First-order interactions AB, AC, and BC degrees
of freedom
Second-order interaction ABC degrees of freedom
Residual degrees of freedom
Total degrees of freedom
Main effects A, B, and C sum of squares
First-order interactions AB, AC, and BC sum of
squares
Second-order interaction ABC sum of sgquares
Residual sum of squares
Total sum of squares
Main effects A, B, and C mean sguares
First-order interactions AB, AC, and BC mean

squares

(+) printed and displayed when PRINTER UNIT is used
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Second-order interaction ABC mean square
Residual mean square

F-ratios for main effects A, B, and C
F-ratios for first-order interactions AB, AC,

and BC
F-ratio for second-order interaction ABC
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PROGRAM CARD DESCRIPTION

Three Factor Factorial in CRD

Cell AC. .
1,7

I

Proc.| #A,B,Q
Proc.| Resul.|Fac.A [Fac.B |Fac.C UBEHE ‘mSTHUBT‘Dms
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program card1 i}
2 Load side 2 of program card1 2
3 Load side 1 of data card1 4
4 Load side 2 of data card1 3
5 Enter # of levels of A # Levels A| 2nd B # A
6 Enter # of levels of B $# Levels B| R/S # B
7 Enter # of levels of C # Levels C| R/S $# C
8 Process data card A
8a | If number of observations is

less than 30 0
8b | If number of observations is

greater than 30 3 =
9a | If step 8a is true go to

step 11
9b | If step 8b is true load side

1l of data card2 3
10 | Process data card R/S
10a| If all observations have

been processed go to step 11 0
10b| If step 1l0a is not true '3 =
10c| Load next data card and go

to step 10
1l |Initialize factor A totals C
lla|Enter cell ABi,j totals from

two-way table AB for i=1l,.,a

and j=1,. . .,b Cell ABi,j R/S n
12 |Initialize factor C totals D 0
l2a|Enter cell Aci,j totals from

two-way table AC for i=1,.,c

and j=1,...,a R/S n
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STEP PROCEDURE ENTER PRESS DISPLAY
13 | Initialize factor B totals E
138 Enter cell Bci,j totals from
two-way table BC for i=1l,.,b
and j=1,...,cC CellBCi'j R/S n
14 | Process totals 2nd A 2 WE
15 | Set new partition 3 2nd OP
17 719.29
16 | Load side 1 of program card2
17 | Load side 2 of program card2 2
18 | Load side 1 of program card3 3
19 | Obtain results B A D.F.
R/S B D.F.
R/S ¢ DB,
R/S AB D.F.
R/S AC D.F.
R/S e D.F.
R/s | ABC D.F.
R/S |Res. D.F.
R/S |Tot. F.F.
R/S A S.S.
R/S B S.S.
R/S C 5.5
R/S AB S.S.
R/S AC S.S.
R/S BC S.S.
R/s | ABC s.s
R/Ss |Res. S.S.
R/s |Tot. S.S.
R/S A M.S.
R/S B M.S.
R/S C M.5.
R/S AB M.S.
R/S AC M.S.
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STEP PROCEDURE ENTER PRESS | DISPLAY
R/S BC M.S.
R/S ABC M.S.
R/S Res. M.S.
R/S | F-Ratio A
R/S F-Ratio B
R/S |F-Ratio C
R/S | F-Ratio
AB

R/S F-Ratio
AC

R/S | F-Ratio
BC

R/S F-Ratio
ABC

* %

DATA will be printed if
printer is attached
PROG. CARD(2) will be
printed if printer is
attached
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SANMPLE  PROBLEN

EXAMPLE: Analysis of variance for three treatment factors,
the first at 2 levels, +the second at 3 levels and
the third at 2 levels, arranged factorially in a
completely randomized design.
Simulated Data
By Ra
Bl 52 B3 B B2 B3
A% %% BHh%hSh5
8 5 3 15 10 1 7 6 10 8 9 8
4 7 6 g8 13 5 9 7 4 5 7
TWO-WAY TABLES
L W By By G %3
B, 24 27 Cy 50 43 B, 24 27
B, 38 29 C, 55 42 B, 32 35
B3 43 29 33 37 35
ENTER PRESS OUTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. cardl display will show # 2 card inverted
Data card display will show # 4 card upright
Data card display will show # 3 card inverted
2 2nd B 2 $ of levels of A
3 R/S 3 # of levels of B
2 R/S 2 # of levels of C
A 0 will show in the
display observations
processed
C 0 initialize factor
A
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ENTER PRESS OUTPUT COMMENTS
24 R/S 1 AlBltotal
38 R/S 2 Aletotal
43 R/S 3 AlB3total
27 R/S 4 AzBltotal
29 R/S 5 A2B2total
29 R/S 6 A2B3total
D 0 initialize factor
C totals
50 R/s 1 Alcltotal
43 R/S 2 Azcltotal
55 R/S 3 Alcztotal
42 R/S 4 A2C2total
E 0 initialize factor
' B totals
24 R/S - 1 B,C, total
27 R/S 2 B C,total
32 R/s 3 Bzcltotal
35 R/s 4 Bzcztotal
37 R/s 5 B3C1total
35 R/S 6 B3C2tota1
2nd A|2 and PROG. CARD(2)
will be printed if process finished
printer is attached
3 2nd
oP 17 719 .29 new partition
Prog. card, display will show # 1 |card upright
Prog. card, display will show # 2 |card inverted
Prog. card, Display will show # 3 |card upright
B 1 A D.F.
R/s 2 B D.F.
R/S 1 C D.F.
R/S 2 AB D.F.
R/S 1 AC D.F.
R/S 2] BC D.F.
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ENTER PRESS QUTPUT COMMENTS
R/S 2 ABC D.F.
R/S 12 Res. D.F.
R/S 23 Tot: D.F.
R/S 16.66666667 A S$.S5.
R/S 30.08333333 B S«Bs
R/S 0.666666667 C 8.8,
R/S 19.08333333 AB S.S.
R/S 15 AC 8.8.
R/S 2.083333333 B 8.8
R/S 22,75 ABC 8.8.
R/S 79.0 Res. 5.5,
R/S 171.8333333 Tot, 8.8
R/S 16.666666667 A M.S,
R/S 15.04166667 B M.S.
R/S 0.666666667 C M.sS.
R/S 9.54166667 AB M.S.
R/S 1.5 AC M.S.
R/S 1.041666667 BC M.S.
R/S 11.375 ABC M.S.
R/S 6.583333333 Res. M.S.
R/S 253164557 F-Ratio for A
R/S 2.284810127 F-Ratio for B
R/S 0.1012658228 F-Ratio for C
R/S 1.449367089 F-Ratio for AB
R/S 0.2278481013 F-Ratio for AC
R/S 0.1582278481 F-Ratio for BC
R/S 1.727848101 F-Ratio for ABC
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APPENDIX O

PROGRAM FOR THREE-FACTOR FACTORIAL IN A

RANDOMIZED COMPLETE BLOCK DESIGN



PRUGRANM  DESCRIPTIGN

Three Factor Factorial in a Randomized

PROGRAM TITLE : complete Block Design

oBJECTIVES: This program performs an analysis of variance
for three treatment factors arranged factori-

ally in a randomized complete block design.

LIMITS FOR: a) TREATMENTS : any number of treatment
combinations
b) FACTORS : 3
c) LEVELS . any number for any factor
d) REPLICATIONS : 15

DATA INPUT TYPE: univariate

ourput™ : Block degrees of freedom
Main effects A, B, and C degrees of freedom
First-order interactions AB, AC, and BC degrees
of freedom
Second-order interaction ABC degrees of freedom
Residual degrees of freedom
Total degrees of freedom
Block sum of squares
Main effects A, B, and C sum of sguares
First-order interactions AB, AC, and BC sum of
squares
Second-order interaction ABC sum of squares
Residual sum of squares
Total sum of squares

Main effects A, B, and C mean squares
() printed and displayed when PRINTER UNIT is used
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First-order interactions AB, AC, and BC mean
squares

Second-order interaction ABC mean square
F-ratios for main effects A, B, and C
F-ratios for first-order interactions AB, AC,
and BC

F-ratio for second-order interaction ABC




PROGRAM CARD DESCRIPTION
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Three Factor Factorial in RCB

i,

Proc. |#A,B,
Proc. | Resul) Fac.A |Fac.B |Fac.C UEEHE ‘mSTHu B.“Dms
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program cardl 1
2 Load side 2 of program cardl 2
3 Load side 1 of data card1 4
4 Load side 2 of data card1 3
5 Enter # of levels of A # Levels A| 2nd A ¥
6 Enter # of levels of B $# Levels B| R/S #
7 Enter # of levels of C ¥ Levels C| R/S £ C
8 Process data card A
8a | If number of observations is

less than 30 0
8b | If number of observations is

greater than 30 '3 =
9a | If step 8a is true go to

step 11
9b | If step 8b is true load side

1l of data card2 3
10 | Process data card R/S
10a] If all observations have

been processed go to step 1l 0
10b| If step 1l0a is not true F3E e
10c| Load next data card and go

to step 10 3
1l | Initialize factor A totals G
lla| Enter cell AB totals from

two-way table AB for i=1,..,a

and j=1,..,b Cell.ABi' R/S n
12 | Initialize factor C totals D 0
l2a| Enter cell AC totals from

two-way table AC for i=l,..,c

and j=1,..,a Cell AC, R/S n
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STEP] PROCEDURE ENTER PRESS | DISPLAY

13| Initialize factor B totals E 0

134 Enter cell Bci,j totals from

two-way table BC for i=1,.,b
and j=1,..,c CellBCilr R/S n

14 | Process totals 2nd A 2 **

15| Set new partition 3 2nd OP
17 719.29

16 | Load side 1 of program card2 1

17 | Load side 2 of program card2 2

18 | Load side 1 of program card3 3

19 | Obtain results B Blc. D.F.
R/S A D.F,
R/S g B D.F.
R/S C D.F.
R/S AB D.F.
R/S AC D.F.
R/S BC D.F,
R/S ABC D.F.
R/S |Res. D.F,
R/S |Tot. D.F.
R/S |Blc, S.S.
R/S A S.S.
R/S B S.S.
R/S C s.S.
R/S AB S.S.
R/S AC S.S8.
R/S BC S.S.
R/S | ABC s.s.
R/S |Res. S.S.
R/S |Tot. S.8.
R/S A M.S.
R/S B M.S.
R/S C M.S.
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STEP PROCEDURE ENTER PRESS | DISPLAY
R/S AB M.S.
R/S AC M.S.
R/S ABC M.S.
R/S |Res. M.S.
R/S |F-Ratio A
R/S |F-Ratio B
R/S |F-Ratio C
R/S |F-Ratio
AB

R/S |F-Ratio
AC

R/S |F-Ratio
BC

R/S |F-Ratio
ABC

* DATA will be printed if
printer is attached

** PROG. CARD(2) will be
printed if printer is
attached
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SANMPLE  PRUBLEN

ExaMpLE: Analysis of variance for three treatment factors,
the first at 4 levels, the second at 3 levels,
and the third at 2 levels and arranged factor-
ially in a randomized complete block design. Data
from Snedecor and Cochran (1967), page 362.

Cy 1.11 0.97 Cqy 1.22 1.13
B B
1 C2 1.52 1.45 1 C2 1.38 1.08
Cl 1.09 0.99 Cl 1.34 1.41
A B A B
1 2 C2 1,27 1.22 X 2 c, 1.40 121
C, 0.85 1,21 C, 1.34 1.19
B B
3 C2 1.67 1,24 3 C, 1.46 1.39
R o 1430 1.00 C L.49 1,03
B 1 B 1
| C2 1.55 1.53 1 c, 0.80 1.:29
C, 1.03 1.21 Cl 1.36 1.16
A B A B
2 2 c, 1.24 1.34 2 2 c, 1.42 139
C,y 1.12 0.96 Cl 1.46 1.0.3
B B
2 C, 1.76 1.27 3 c, 1.62 1..27
ENTER PRESS OuTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. cardl display will show # 2 card inverted
Data cardl display will show # 4 card upright
Data cardl display will show # 3 card inverted
4 2nd B 4 # levels of A
3 R/S 3 # levels of B
2 R/S 2 # levels of C

A # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop
is attached flashing

Data card display will show # 3 card upright

2
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TWO-WAY TABLES

By
B, 5.05
B, 4.57
B, 5.97

Ay
G, 6,22
c, 8.37

S
B, 8.95
B, 9.59

33 9.16

5.38
4.82
5.11

6.62
8.69

10.60
10.49
11.68

4.81
5.36
5.38

7.63
292

4.31
5.33
5.38

123
2,79
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ENTER PRESS OUTPUT COMMENTS
R/S 0 will show in the
display
¢ 0 initialize factor
A totals
5.05 R/S 1 A1Bjtotal
4.57 R/S 2 A1Bjtotal
4.97 R/S 3 Al1Bstotal
5.38 R/S 4 AoBjtotal
4.82 R/S 5 ApBototal
5.11 R/S 6 AoB3total
4.81 R/S 7 A3Bjtotal
5.36 R/S 8 A3Bstotal
5.38 R/S 9 A3B3total
4.31 R/S 10 A4Bjtotal
5.33 R/S 11 AgBytotal
5.38 R/S 12 AgB3total
D 0 initialize factor
C totals
6.22 R/S 1 AjCjtotal
6.62 R/S 2 AoCjtotal
7.63 R/S 3 A3Cjtotal
7.23 R/S 4 AgCitotal
8.37 R/S 5 AjCatotal
8.69 R/S 6 ApCototal
792 R/S 7 A3Catotal
7.79 R/S 8 A4Cototal
E 0 initialize factor
B totals
8:95 R/s L7 B1Cjtotal
10.60 R/S 2 B1Cototal
9.59 R/S 3 BoCjtotal
10.49 R/S 4 BoCototal
9.16 R/S 5 3Citotal
11.68 R/S 6 qCototal
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ENTER PRESS OUTPUT COMMENTS
2nd A| 2 and PROG. CARD(2)
will be printed if
printer is attached process finished
3 2nd

OP 17 719.29 new partition
Prog. card2 display will show # 1 |card upright
Prog. card2 display will show # 2 [card inverted
Prog. card3 display will show # 3 |card upright

B 1 Blc. D.F.

R/s 3 A D.F.

R/S 2 B D.F.

R/S 1 € D.F.

R/S 6 AB D.F.

R/S 3 AC D.F.

R/S 2 BC D.F.

R/S 6 ABC D.F.

R/S 23 Res. D.F.

R/S 47 Tot. S.5.

R/S 0.1333520833 |Blc. S$.5.

R/S 0.042656225 A S.S.

R/S 0.0525541667 B 5.8.

R/S 0.53551875 £ 8.5.

R/S 0.2543625 AB S.S.

R/S 0.23990625 AC 5.8,

R/S 0.0821625 BC 8:S5.

R/S 0.0684875 ABC S.S.

R/S 0.6318979167 |Res. S.S.

R/S 2.040897937 |Tot. M.S.

R/S 0.01421875 A M.S.

R/S 0.0262770833 B M.S.

R/S 0.53551875 c M.B.

R/S 0.04239375 AB M.S.

R/S 0.07996875 AC M.S.
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ENTER PRESS OUTPUT COMMENTS

R/S 0.04108125 BC M.S.

R/S 0.011445833 ABC M.S.

R/S 0.0274738225 Res. M.S.

R/S 0.5175381045 F-Ratio for A
R/S 0.956440749 F-Ratio for B
R/S 19.49196369 F-Ratio for C
R/S 1.543059764 F-Ratio for AB
R/S 2.910725295 F-Ratio for AC
R/S 1.495287016 F-Ratio for BC
R/S 0.415471249 F-Ratio for ABC
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APPENDIX P

PROGRAM FOR TWO-LEVEL NESTED DESIGN



PRUOGRATT  DESCRIPTIGNN

PROGRAM TITLE : Two-Level Nested Design

oBJECTIVES: This program performs an analysis of variance
for three factors (A, B, and C), where C is
nested in B and B is nested in A, arranged in

a completely randomized design.

LIMITS FOR: a) TREATMENTS : any number of nested combin-
ations
b) FACTORS : 3
¢) LEVELS : any number for any factor
d) REPLICATIONS : any number

DATA INPUT TYPE: univariate

ourpur™ : Treatment (factor A) degrees of freedom
Subgroup (factor B) within treatments degrees
of freedom
Determination (factor C) within subgroup
degrees of freedom
Total degrees of freedom
Treatment (factor A) sum of squares
Subgroup (factor B) with treatments sum of
squares
Determination (factor C) within subgroup sum
of squares
Total sum of squares
Treatment (factor A) mean square
Subgroup (factor B) within treatments mean
square

() printed and displayed when PRINTER UNIT is used
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Determination (factor C) within subgroups mean
square

F-ratio for treatments (factor A)

F-ratio for subgroup (factor B) within
treatments
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PROGRAM CARD DESCRIPTION

Two Level Nesting in CRD

Proc.| Resul. Levels USEHS IMETHLIET‘DHS
STEP PROCEDURE ENTER PRESS DISPLAY
4 Load side 1 of program cardl 1
2 Load side 2 of program cardl 2
3 Load side 1 of data cardl 4
4 Load side 2 of data cardl 3
5 Enter number of treatments # Trt. C # Trt.
6 Enter number of subgroups $# Subg. R/S # Subg.
7 Process data card A
7a | If number of observations is
less than 30 0
7b | If number of observations is
greater than 30 3y
8a | If step 7a is true go to
step 10
8b | If step 7b is true load side
1l of data card2 3
9 Process data card R/S
9a | If all observations have
been processed go to step 10 0
9b | If step 9a is not true "3
9¢ | Load next data card and go
to step 9 3
10 | For a printed output go to
step 11; otherwise go to
step 13
11 | Load side 1 of program card: 1
12 |Load side 2 of program card2
13 |Obtain results B A D.F,
R/S BWA D.F.
R/S Det. D.F.
R/S Tot. D.F.
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STEP PROCEDURE ENTER PRESS | DISPLAY
R/S |A S.S.
R/S |B W A S.S.
R/S |Det. S.5.
R/S |Tot. S.S.
R/S |A M.S.
R/S |B WA S.S.
R/S |Det. M.S.
R/S |F-ratio 2
R/S |F-ratio

BWaA

* DATA will be printed if
printer is attached
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oANPLE

PRUBLEN

ExamMpLE: Analysis of variance for three treatments, each
divided in four groups with two determinations
per group. Data from Sokal and Rohlf (1969),
page 260.
Bl 58.5 59.5
A, B, 77.8 80.9
B, 84.0 83.6
B, 70.1 68.3
B, 69.8 69.8
A, B, 56.0 54.5
B3 50.7 49.3
B, 63.8 65.8
By 56.6 57.5
A, B, 77.8 79.2
B, 69.9 69.2
B4 62.1 64 .5
ENTER PRESS OUuTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. card1 display will show # 2 card inverted
Data card display will show # 4 card upright
Data card display will show # 3 card inverted
3 C 3 # of treatments
4 R/S 4 # of subgroups
A 0 will show in the

Prog. card2
Prog. card2

display
display will show #%
display will show #

process finished
card upright

card inverted
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ENTER PRESS OUTPUT COMMENTS
(You do not have to
read this card unless
you want a printed
output)

B 2 A D,F,
R/S 9 B W A D.F.
R/S 12 Deter. D.F.
R/S 23 Total D.F.
R/S 665.6758334 A D.F.
R/S 1720.6775 B WA S.S.
R/S 15.62 Deter. S.S.
R/S 2401.973333 Total. 8.5,
R/S 332.8379167 A M.S.
R/S 191.1863889 B WA M.S.
R/S 1.301666667 Deter. M.S.
R/S 1.74090815 F-Ratio for A

R/S

146.8781477

F-Ratio for B W A
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APPENDIX Q

PROGRAM FOR THREE-LEVEL NESTED DESIGN



PRUGRANT DESCRIPTION

PROGRAM TITLE: Three-Level Nested Design

OBJECTIVES:

LIMITS FOR:

This program performs an analysis of variance
for four treatment factors (A, B, C, and D),
where D is nested in C, C is nested in B, and
B is nested in A, arranged in a completely
randomized design.

2) TREATMENTS : any number

b) FACTORS 4

¢) LEVELS . any number for any factor
d) REPLICATIONS : any number

DATA INPUT TYPE: univariate

outpur™ : Treatment (factor A) degrees of freedom

Subgroups (factor B) within treatments degrees

of freedom

Sub-subgroups (factor C) within subgroups

degrees of freedom

Determination (factor D) within sub-subgroups

degrees of freedom

Total degrees of freedom

Treatment (factor A) sum of squares

Subgroups (factor B) within treatments sum of

squares

Sub-subgroups (factor C) within subgroups sum

of squares

Determination (factor D) within sub-subgroups

sum of squares

(+) printed and displayed when PRINTER UNIT is used
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Total sum of squares

Treatment (factor A) mean square

Subgroups (factor B) within treatments mean
square

Sub-subgroups (factor C) within subgroups
mean square

Determination (factor D) within sub-subgroups
mean sguare

F-ratio for treatments (factor A)

F-ratio for subgroups (factor B) within
treatments

F-ratio for sub-subgroups (factor C) within

subgroups
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PROGRAM CARD DESCRIPTION

Three Level Nesting in CRD

Proc.|Resul./Levels USEHS IHS[HUETMHE
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program card1 1
2 Load side 2 of program card1 2
3 Load side 1 of data cardl 4
4 Load side 2 of data card1 3
5 Enter number of treatments ¥ Tre. G $ Trt.
6 Enter number of subgroups # Subgr. R/S # Subgr.
7 Enter number of sub-sub- # Sub-subr{ R/S |# Sub-subr
groups
8 Process data card A
8a | If number of observations is
less than 30 0
8b | If number of observations is
greater than 30 '3 *
9a | If step 8a is true go to
step 11
9 | If step 8b is true load side
1 of data card2 3
10 | Process data card R/S
10a| If all observations have
been processed go to step 11 0
10b| If step 1l0a is not true 3t ®
10c|Load next data card and go
to step 10 3
1l |For a printed output go to
step 12; otherwise go to
step 14
12 [Load side 1 of program card2
13 |Load side 2 of program card2 2
14 |Obtain results B A D.F.
R/S |BW A D.F
R/S |C W B D.F
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STEFI

PROCEDURE ENTER PRESS | DISPLAY
R/S |Det. D.F.
R/S | Tok.: D.F.
R/S A S5.S.
R/S |B W A D.F|
R/S |C W B S.S
R/S |Det. S.S.
R/S |Tot. S.S.
R/S A M.S.
R/S |B WA M.S|
R/S [C W B M.S.
R/S |Det. M.S.
R/S |F-ratio A
R/S |F-ratio

B WA
R/S | F-ratio
CWB

* DATA will be printed if
printer is attached
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SANMPLE  PRUBLER

EXxAMPLE: Analysis of variance for three treatments, each
treatment divided in two subgroups and each sub-
group divided in three sub-subgroups with two

Data card2

display and DATA will
be printed if printer
is attached

display will show # 3

determinations per sub-subgroup. Data from
Sokal and Rohlf (1969), page 270.
Cy 131 130
B, C5 131 125
c3 136 142
A
1 c, 150 148 c, 134 125
B,| C5 140 143 Bl C5 138 138
C3 160 150 C3 135 136
A
c, 157 145 & c, 138 140
By C5 154 142 B, C5 139 138
C3 147 153 ) C3 134 127
R c, 151 155
B2 C2 147 147
C3 162 152
ENTER PRESS OUTPUT COMMENTS
Prog. card1 display will show # 1 card upright
Prog. cardl display will show # 2 card inverted
Data card1 display will show # 4 card upright
Data cardl display will show # 3 card inverted
3 C 3 # of treatments
2 R/S 2 # of subgroups
3 R/S 3 # of sub-subgroups
A # 3 will flash in the

press CLR to stop

flahsing

card

upright
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ENTER PRESS OUTPUT COMMENTS

R/S 0 will show in the
display process finished
Prog. card2 display will show # 1 card upright
display will show # 2 card inverted
(You do not have to

Prog. card2

read this card unless

you want a printed out-

put)

B 2 A D.F.
R/S 3 BWA D.F.
R/S 12 CWB D.F.
R/S 18 Deter. D.F.
R/S 35 Total D.F.
R/S 1557 .,.555556 A S.S.
R/S 797 .6666667 BWA S.S.
R/S 594.0 CWB S.S.
R/S 381..0 Deter. S.S.
R/S 3330.222222 Total 8.8.
R/S 778.7777778 A M.S.
R/S 265.8888889 BWA M.S.
R/S 49,5 CWB M.S.
R/S 21.16666667 Deter. M.S.
R/S 2.928959465 F-Ratio for A
R/S 5.371492705 F-Ratio for B W A

R/S 2.338582677 F-Ratio for C W A
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PRINTED OUTPUT
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APPENDIX R

PROGRAM FOR SPLIT-PLOT IN A COMPLETELY

RANDOMIZED DESIGN



PROGRAN  DESCRIFTIGN

PROGRAM TITLE : Split-Plot in a Completely Randomized Design

OBJECTIVES: This program performs the analysis of variance
for two treatment factors, where the whole-plot
factor is arranged in a completely randomized
design and the sub-plot factor is a subdivision
of the whole-plot factor.

LIMITS FOR: a) TREATMENTS : any number
b) FACTORS : 2
¢) LEVELS . Whole-plot--any number
Sub-plot==15
d) REPLICATIONS : any number

DATA INPUT TYPE: univariate

ourpur ™ .Whole-plot factor degrees of freedom
Whole-plot error degrees of freedom
Sub-plot factor degrees of freedom
Whole-plot/sub-plot interaction degrees of
freedom
Sub-plot error degrees of freedom
Total degrees of freedom
Whole-plot factor sum of squares
Whole-plot error sum of sgquares
Sub-plot factor sum of squares
Whole-plot/sub-plot interaction sum of squares
Total sum of squares
Whole-plot factor mean square
Whole-plot error mean sgquare

Sub-plot factor mean square

(~) printed and displayed when PRINTER UNIT is used
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Whole=-plot/sub-plot interaction mean square
Sub-plot error mean sguare

F-ratio for whole-plot factor

F-ratio for sub-plot factor

F-ratio for whole-plot/sub-plot interaction
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PROGRAM CARD DESCRIPTION

Split-Plot in CRD

Proc. |Resul.) # A | # B UEEHS ]HSTHUET‘DI}{S
STEP PROCEDURE ENTER PRESS DISPLAY
| Load side 1 of program card1 i
2 Load side 2 of program cardl 2
<. Load side 1 of data cardl 4
4 Load side 2 of data cardl 3
5 Enter number of levels of A # A C #
6 Enter number of levels of B # B D # B
7 Process data card A
7a If number of observations is
less than 30 3 *
7b If number of observations is
greater than 30 13" %%
8a If step 7a is true go to
step 10
8b If step 7b is true load side
1 of data card2 3
9 Process data card R/S
9a | If all observations have
been processed go to step 10 3 *
:9b | If step 9a is not true Far WK
I-E)c Load next data card and go
to step 9
10 | Load side 2 of data card1
11 | Process data card R/S
1*a| If all observations have
been processed go to step 12 2 *kx
11b[If step lla is not true r3r wa
Illc Load next data card and go
to step 11 3
12 |Load side 1 of program card2
13 |Load side 2 of program card2 2
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STEP] PROCEDURE ENTER PRESS | DISPLAY

14 | Obtain results B A D.F.
R/s |Er(a)D.F.
R/S B D.F.
R/S AB D.F.
R/S |Er(b)D.F.
R/S |Tot. D.F.
R/S A S.S.
R/S |Ex(a)s.S.
R/S B §.8.
R/S AB S.S,
R/S |Er(b)s.s.
R/S |Tot. S.S.
R/S A M.S.
R/S |Er(a)M.S.
R/S B M.S.
R/S AB M.S.
R/S |Er(b)M.S.
R/S |F-ratio A
R/S |F-ratio B
R/S |F-ratio

AB

* Number 3 in the display

% %

* %k %k

indicates that side 2 of
data cardl must be read;
DATA will be printed if
printer is attached
Number 3 will flash in
the display and DATA
will be printed if
printer is attached
PROG. CARD(2) will be
printed if printer is
attached
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oANPLE

PROBLER

ExampLE: Analysis of variance for a split-plot design with
two treatment factors. The whole-plot factor has
4 levels and the sub-plot factor has 3 levels.
The whole-plot factor is arranged in a completely
randomized design. Simulated data.
Al AZ A3 A4
B B T U e B T T S R S|
217 233 175 158 138 152 229 186 155 223 227 156
188 201 195 126 130 147 160 170 161 201 181 172
162 170 213 122 185 180 167 181 182 182 201 199
ENTER PRESS OUTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. card1 display will show # 2 card inverted
Data cardl display will show # 4 card upright
Data cardl display will show # 3 card inverted
4 c 4 $# of levels of A
3 D 3 # of levels of B
A # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop)
is attached filashing
Data card2 display will show # 3 card upright
R/S display will show # 3
and DPATA will be printed
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ENTER

PRESS

OuUTPUT

COMMENTS

Data card1

Data card2

Prog. card2
Prog. card2

R/S

R/S

R/S
R/S
R/s
R/S
R/S
R/S
R/S
R/S
R/S
R/S
R/sS
R/s
R/s
R/S
R/S
R/S
R/S
R/S
R/S

if printer is attached
display will show # 3
# 3 will flash in the
display and DATA will
be printed if printer
is attached
display will show # 3
# 2 will be in the
display and PROG. CARD
(2) will be printed if
printer is attached
display will show # 1
display will show # 2
3
8
2
6
16
35
12494 .30556
3736.666667
566.222223
2600.444444
9933.333333
29330.97222
4164.768519
467.083334
283,111115
433.4074073
620.8333333
8.916542796
0.450178977
0.698105891

card inverted

press CLR to stop
flashing

process finished
card upright
card inverted
A D.F.
Error(a) D.F.
B D.F;
AB D.F.
Exrror(b) D.F.
Total DuFs
A D.F.
Error{a) S.S.
B S.S.
AB S.S.
Error(b) S.S.
Total S.S.
A M.S
Error (a) M.S.
B M.S.
AB M.S.
Error (b) M.S.
F-Ratio for A
F-Ratio for B
F-Ratio for AB




251

FRINTED GQUTPUT

(™

-
[t

[l I e

S

n
Ay
B R L e |

SN

I SN BB
e B B e T L e B e B e I oo B B B BN |

o - "
e T

SO O TR ]

et et L TL] VT

D
 H -




252

1L

L




253

PROGRAM  LIGTING

in CRD

t-Plot

Spli

> T

W e L 0T

x LK fomrt

e L B

o |z =

o

TR P IO I ol T R e R P T R DR ol T RO S e B R i ol R W Lo R O N el ¥ i
[ e el wl ol sl Sl o oo ol VN O ¥ N T T T T T P Y T o N w Y w DY w Y w RO Y N N S S R K R I Sl I R X 0 _H_
~ al...l...l..l..l..1..1{..1..1..1..!_.1......__.......1.1...1..1..11._...111111,111111..!.4.!_.11.._.11.1._1.1.. e B e e I I |
> W I D0 sk b D ko %HlLilliEﬁ Y I s

w (o PO I S i e T v [ B el o 0 OO A TS B ”.ll_ P I I W R N e R A I S | e A T
x | Lr .. Sl g K] | [ L .I_ ks L

M O I e I R L R s | _.i.._ [ -

o DD RS S T S N i A R T T TR

(6]

3 ] T e LT e 00 T 0 et 0] 0 LT T P D0 T T e 0D e U D T D0 T

@] e o T e e T e R B B B B B R e R IR LY RN B B RO BN OO B R | _.._ [

~ R e T I T T e e e e T T e T I e B I I BT RO

b 1T 1 S WU o L M S

W L T ]

x a0 g

M T _H" _qm_uw “_“ _..:.“ “

) L

(& ]

Q U= D00 I = O 0 U [ o S e T N ] 1._- : ] ...... ..l [0 _nq. o R

Lo T o e i il T Vi I Vi B0 Vg T T T 1L U Y w RN w ROV WY W YO N O LR (O

e D T ot v o et s s v o s 0 o ot o v v o o o o o

>

w

x

w

Q

(o]

Q

O U VRO A R I TN o ol T N 3 L e 200 T
(o] S o T e v D I e Bt B e v B B I Y | ....._ ) 2 ) T T 0T

-l Do R Lo L o T o e v v e o i sl e I S et o




254

LOC|CODE|KEY

YTt el O D L

[ I [

R

Lk

=1 1T

]

L}

a0 T

O et LT T W et )

% I B A e

DR T e il TR I Rt T O
DTy DO Y] w0 [ o

Kopmagie iz o gl S
UG UL B o 10T

LY I R T R R Y i
o st o U W

Y0 0 C0 0 0

LOC|CODE |KEY

DR B o T B
b B b B o B o B |

LOC|CODE | KEY

(T

Ol e LK
O

[ TR T T TR T R T o T B I T ol T Y _.... 0 T 1o e 1 [ DU
Bl s s el e R W S ol N IV e I ¥ I T 1 O £ T . L s = [ e
o8 I OO BN OO Y Y OO O R B SO OO S B e N | o D RO OO BEE LS B s D LN BN By

LOC|CODE |KEY

DR B BORN RG> ol TR i ! ) XUy )
0T T T T T o AT T ™
o] sppie] ] ] i) o] o e ] o, ; DA U B N N N N




235

LOC|CODE

=
m
-
-~
(o)
(9]

CODE | KEY

o0 ¥ LEL (S Ty Y
oo iZ2 E os0 o0
(11 i asi &9
N = asz N ]
w9 OF N =
i (I o4
4 = = R - EISS
dd - oor 1 i O5E
4 oos oo = =T
447 RS 0z = 055
$d7 ic e 4 a5ss
444 o1 = Qe 1O
445 iz 1 el
4 % A3

Lo
iTa

ST

)
s LW =] 0T [

015 e Ti
Oile B} e i

—1
-
r

[
-
[}

U e RN B N

1 0T T (T 1T T T

A o

]

18
=
DA

Y o
!
o

(N
DY L Y RO

H
3
;
1
b
i
&

-
40

E oy 071 i i

= - arz 03 =

= o =d z R o
- =, - [ - - s -
s -2 - ¢ a7 e e
i - i 75 ==

W b - -

.ﬂk;h

Lo Y I
T
l.

UL

]

L
o

frite omate foomls fuiside fooseds  frusels

LI RN R |

o Pl Ty el )

S|

R T

["‘T-, Josssts

b ol =
e

r'u:l r'i_:T r'l_l

111
Pl
Bt
i
£ it
R

iil
T
L |




256

LOC|CODE|KEY

L e 0
o
) g 0l

SRR T T O o N

3 __..,.
B A GO N VIR NI I i PR e ¥ Y I O A
11 (o |

sl T
[OROL RO

Ll

Il [

DR UmCROCC VR SO I T T T B e o ¢ RS SRR B O 1 T R I O
O R e Y =l e | _H_ Lm0 o o o L B o T o R O Y

[N I B~ A o B S B o N B B
L O w N N Y w Y Y R CROY I e S Rl IO IO R R R
RO RO R A G 0 ot IOOY [t Bl W08 B! I B RO Mt I s

D B e B B ol N SO o B
i il OO T T 1O T N T ¥ i Vi
DR B e RO B D O IO O RO

LOC|CODE |KEY

v
DR

el [T

S I O O T ¥ U W W v T e
121 =1

00 et [P [ T T e BRI N R B N T e 10
N SO R ] Lo o 0 v 0 o 0 i o S O o R B v} i (1

e R Rl s

0T

DR I I DR I

| I o T AW IR T ol N O " o S S R e T T AOSPO A
P I B B B B I B R B I B BOL DY e B BN B D B

Dot IO IO BN O OO OGS OGS BOe B O B s I s B B e | ..._ D B RS

LOC|CODE |KEY

20 e ] e LD e 1
O O VI N N T

R I e e B e R B o B s B

DU RURR Ol TN
[ P T T T

R T e B B e T e B

LOC|CODE |KEY

=]

e T R R T
R YR

I et B I AL ol A O [
R B e I MO BN B A N S R

NS e R Tt S SR [ R [ g ETIE s T o T e T T [ IR R P

e B B B B e B e B b BEE IR




O IR B B B B I

DOUROUY BE

SO R

LOC| CODE|KEY

P UL I T w1 IO o TN 1 R N S I T N O S ' o T Y T e 1 IR U Y e
S mly ol Y S ol ol o o ol 1 i T T PR LR Dl O Ve VB m A s N N w L Y N o N w 8
b e i i e i sl o e b i sl i i e e e W Sl S M S O W S M B

LOC|CODE |KEY

J 307
e 0T LT W e L AR T A

; : WL
Dl VRO B UL

DA U VO
l DO DR N B

[IE

-

11
id

=

DN B Y W I R
L B B B e B B B B e B

i D e i e e W i

Fooe 000 0
DL R
AR RN o

N
1
s
it
B
1.
i

EY
41

41

257

R

T

TROUIE S ol O
[ T v

LOC}|CODE |KEY

[ 00 T 0 0
D R Y W

DR I I T ol IR

2 Y S ol N T T T T T

XA R R IR R

RN W

LOC|CODE |KEY

el el

e 100 T

)




APPENDIX S

PROGRAM FOR SPLIT-PLOT IN A RANDOMIZED

COMPLETE BLOCK DESIGN



PROGARAM  DESCRIPTION

PROGRAM TITLE :

Split-Plot in a Randomized Complete Block
Design

oBJECcTIVES: This program performs an analysis of variance

for two treatment factors, where the whole-plot
factor is arranged in a randomized complete
block design and the sub-plot factor is a sub-
division of the whole-plot factor.

LIMITS FOR: a) TREATMENTS : any number
b) FACTORS ;2
c) LEVELS : Whole-plot factor - any number
Sub-plot factor - 14
d) REPLICATIONS : 14
DATA INPUT TYPE: univariate

oureputr™ . Block degrees of freedom

Whole-plot factor degrees of freedom
Whole-plot error degrees of freedom

Sub-plot factor degrees of freedom
Whole-plot/sub-plot interaction degrees of freedom
Sub-plot error degrees of freedom

Total degrees of freedom

Block sum of squares

Whole-plot factor sum of squares

Whole-plot error sum of squares

Sub-plot factor sum of squares
Whole-plot/sub-plot interaction sum of squares
Sub-plot error sum of squares

Total sum of sguares

Whole-plot factor mean square

(+) printed and displayed when PRINTER UNIT is used
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Whole-plot error mean sgquare

Sub-plot factor mean square
Whole-plot/sub-plot interaction mean sguare
Sub-plot error mean sguare

F-ratio for whole-plot factor

F-ratio for sub-plot factor

F-ratio for whole-plot/sub-plot interaction
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PROGRAM CARD DESCRIPTION

Split-Plot in RCB
Proc. |Resul.|#A,B Proc. USEHB INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
1 Load side 1 of program cardl 1
2 Load side 2 of program cardl 2
3 Load side 1 of data cardl 4
4 Load side 2 of data carcl_.L 3
5 Enter number of levels of A # A C $# A
6 Enter number of levels of B # B R/S # B
7 Process data card A
7a | If number of observations is
less than 30 3 *
7b | If number of observations is
greater than 30 ¥3r Ak
8a | If step 7a is true go to
step 10
|8b If step 7b is true load side
1l of data card2 3
9 Process data card R/S
9a | If all observations have
been processed go to step 10 3 ¥
9b | If step %a is not true v3r e
9c | Load next data card and go
to step 9
10 | Load side 2 of data cardl
11 | Process data card R/S
lla| If all observations have
been processed go to step 12 3 *
11b| If step lla is not true 32 *%
llc| Load next data card and go
to step 11
12 |Load side 2 of data cardl
13 | Process data card E
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STEP] PROCEDURE ENTER PRESS DISPLAY

13al If all observations have been

processed go to step 14 2 k%
13b| If step 13 a is not true 131 k%
l13c| Load next data card and go to
step 13 3
14 |Set new partition 3 2nd OP| 719.29
17

15 |Load side 1 of program card2
16 |Load side 2 of program card2
17 |Load side 1 of program card3

18 |[|Obtain the results B Blc. D.F.
R/S A D.F.

R/s |ER(a) D.F.

R/S B D.F.

* Number 3 in the display R/S AB D.F.
indicates that side 2 of R/s |Er(b) D.F,
data cardl must be read; R/s |[Tot. D.F,
DATA will be printed if R/s |[Blc. S.S.
printer is attached R/S A S.S.

** Number 3 will flash in R/s |Er(a) S.S.
the display and DATA R/S B 8.8.
will be printed if R/S AB S.S.
printer is attached R/s |Ex(b) s.S|

*** PROG. CARD(2) will be R/s |Tot. S.S.
printed if printer 1is R/S A M.S.
attached R/s |Er(a) M.S.

R/S B M.S.

R/S AB M.S.
R/s [Er(b) M.S.
R/S [F-Ratio A
R/S |F-Ratio B
R/S [F-Ratio
AB




SANPLE  PROBLEN

EXAMPLE: Analysis of variance for a split-plot design with

two treatment factors. Both factors, the whole-
plot factor and the sub-plot factor, have 4 levels
each. The whole-plot factor is arranged in a
randomized complete block design. Data from
Steel and Torrie (1960), page 237. (Data is
presented on the following page)

ENTER PRESS OUTPUT COMMENTS
Prog. cardl display will show # 1 card upright
Prog. cardl display will show # 2 card inverted
Data cardl display will show # 4 card upright
Data card1 display will show # 3 card inverted

4 & 4 # of levels of A
4 R/S 4 # of levels of B

A # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop
is attached flashing

Data card display will show # 3 card upright

R/S # 3 will flash in the

2
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vs]

B W N

w w

42.9
53.8
49.5
44 .4

53,3
57.6
59.8
64.1

62.3
63.4
64.5
63.6

75.4
70.3
68.8
71.6

BLOCKS

2 — B
41.6 28.9
58.5 43.9
53.8 40.7
41.8 28.3
69.6 45.4
69.6 42.4
65.8 41.4
57.4 44.1
58.5 44.6
50.4 45.0
46.1 62.6
56.1 52.7
65.6 54.0
67.3 57.6
65.3 45.6
69 .4 56.6

30.8
46.3
39.4
34.7

35.1
51.9
45.4
51.6

50.3
46.7
50.3
51.8

0d ¥
58.5
51.0
47.4
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display and DATA will
be printed if printer
is attached

ENTER P RESS OUTPUT COMMENTS
display and DATA will
be printed if printer press CLR to stop
is attached flashing
Data card2 display will show # 3 card inverted
R/S # 3 will show in the
display and DATA will
be printed if printer
is attached
Data card1 display will show # 3 card inverted
R/S # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop
is attached flashing
Data card2 display will show # 3 card upright
R/S # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop
is attached flashing
Data card2 display will show # 3 card inverted
R/S #3 will be in the dis-
play and DATA will be
printed if printer is
attached
Data cardl display will show # 3 card inverted
E # 3 will flash in the
display and DATA will
be printed if printer press CLR to stop
is attached flahsing
Data card2 display will show # 3 card upright
E # 3 will flash in the

press CLR to stop
flashing
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ENTER PRESS OUTPUT COMMENTS
Data card2 display will show # 3 card inverted
E # 2 will be in the
display and PROG. CARD
(2) will be printed if
printer is attached process finished
3 2nd 719.29 new partition
OP 17
Prog. card2 display will show # 1 card upright
Prog. card2 display will show # 2 card inverted
Prog. card3 display will show # 3 card upright
B 3 Block D.F.
R/S 3 A DiFs
R/S 9 Error(a) D.F.
R/S 3 B D.F.
R/S 9 AB D.F.
R/S 36 Exror(b) D.F.
R/S 63 Total D.F.
R/S 2842.873125 Block S.S.
R/S 2848.021875 A S.5.
R/S 618.,294375 Error(a) S.S.
R/S 170.536875 B S.S.
R/S 586.465625 AB S.S.
R/S 731.2025 Exrror(b) S.S.
R/S 7797.394375 Total S.S.
R/S 949.340625 A M.S.
R/S 68.699375 Error(a) M.S.
R/S 56.845625 B M.S.
R/S 65.16284722 AB M.S.
R/S 20.31118056 Error(b) M.S.
R/S 13.81876655 F-Ratio for A
R/S 2.798735644 F-Ratio for B

R/S

3.208225492

F-Ratio for AB




PRINTED GUTPUT

RSN A Y I Vi R A Y L. " “ .
o o ouw o ow oa ow oweed i D] T o D
IR T R A o 1 I I T S " . " u
[ U Y R T T I Ciz L. L. Lo L.
_U . - " -

[ [
=

CE P ol ol s el . L (1
1 = = b= b D

L Do il il s o -

L o et v | (N 1

L (WN

266




267

L
L1l




268

Split-Plot in RCB PROGRAM  LISTING
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