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Especially in the first stages of research, it is not always
clear which of many possible factors are relevant. Inclusion
of all factors results in enormous factorial designs, which
can cause practical problems because of the large number
of subjects involved. Fractional design offers a solution to
this problem by reducing the number of factor combinations
of a design and, therefore, treatments (or runs) and cases.
There are two situations in which the use of fractional de-
sign is recommendable (Landsheer & van den Wittenboer,
2000). The first is the elimination of possibly irrelevant fac-
tors from a large number of possible candidates. The second
is the estimation of main factors and sometimes two-way
interactions when higher order interactions can be consid-
ered negligible in designs with a large number of factors.

The reduction of a full design is accomplished by con-
founding effects. Effects that are confounded are noted as an
equivalence, for instance A 5 B * C * E 5 B * D * F 5 A *
C * D * E * F, which means that main effect A is con-
founded with the two three-way effects BCE and BDF and
with the five-way effect ACDEF. For the totality of these
confounded effects, there is only one estimate of variance.
When this estimate is not significant, the conclusion that all

confounded effects are negligible is warranted. When this
estimate is significant, it can be considered to be an esti-
mate of factor A, assuming that the higher order effects
BCE, BDF, and ACDEF are negligible. Higher order effects
can never be estimated when using a fractional design.

Most fractional designs allow all main factors to be
tested, although in some cases, the two-way interaction
effects can be estimated next to the main effects. The
price to be paid is the impossibility of estimating higher
order interaction effects. If these higher order interactions
are assumed to be zero, they can be eliminated from the con-
founded effects, allowing for a valid estimation of the mag-
nitude of main effects and possibly two-way interactions.
Main effects are estimable when they are confounded only
with higher order interactions, but not with each other. Two-
way interactions can be estimated when they are con-
founded neither with each other nor with the main effects,
but with only higher order interactions. The main effects
and two-way interactions can be estimated, if the higher
order interactions are known. In general, when the higher
order effects are known in advance, they can be subtracted
from the total of estimated variance. However, in most
cases, the higher order effects are assumed to be zero.

Fractional design has evolved in the field of quality con-
trol. When a new product is made, there are many unknown
possible shortcomings in the production process. Mesen-
brink and Lu (1994), who studied the quality of a wave-
soldering process, gave an example of such a study. In the
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social sciences, Berger and Magliozzi (1993) have applied
fractional design in direct mail research. Fractional designs
are also often applied in the field of consumer-choice re-
search (Cestre & Darmon, 1998; Kaul & Rao, 1995).

Because fractional design is not commonly applied in
the social sciences, the advantages and disadvantages 
of its use are not generally known. The main purpose of
the program is to make fractional designs available for
social science researchers. Because the use of fractional
design is not without complications, a help file pays spe-
cial attention to the usage of fractional design, the analy-
sis of fractional design results, and the interpretation of
the results.

Franklin (1985) published the algorithm for the gener-
ation of fractional designs, which forms the basis of the
program. Turiel (1988) published a FORTRAN-program
that implemented the algorithm. The latter program had a
terminal-oriented interface that did not allow for the cor-
rection of user mistakes, and its documentation was limited.
Moreover, the program had to be used on mainframes be-
cause of its generous usage of memory resources, unavail-
able to desktop computers in those days. The present pro-
gram makes the program available for desktop users and
tries to be helpful by providing a step-by-step interface.
It also has a more generous allowance for user mistakes
and corrections and has an extended help file that also
includes a short introduction to fractional design itself.

Nachtheim (1987) discussed tools for computer-aided
design of experiments. Some of the programs discussed
offered the possibility of generating two-level fractional
factorial designs. The present program offers a wider range
of these designs, because it is not limited to two-level fac-
tors. Another relevant improvement is the interface, mak-
ing the present program easier to use. More recently, SPSS
(1997) offered a program for the cost-effective reduction of
factorial designs. As such, Trial Run offers solutions in
even the most difficult cases and is very complete for
handling a huge number of different, often complicated
designs. However, the program is not very easy to use.
Moreover, because the program does not always provide

correct information, it should be used with caution (Land-
sheer & van den Wittenboer, 2000). The present program
is more useful as an introduction to fractional design, al-
though advanced users may want to use Trial Run for its
provisions of other solutions besides fractional designs
and especially when there is no fear of misinterpretation
resulting from inadequate or incorrect information.

FRACTIONAL DESIGN

Fractional design is a systematic approach to limiting the
number of cells (treatment combinations or runs) of a full
factorial experimental design. The benefit of fractional de-
sign compared with a full factorial design is that costs can
be sharply reduced by having a smaller design. The dis-
advantage of fractional design is that not all effects can be
estimated. However, a fractional design is constructed in
such a way that at least the main effects can be estimated.

For instance, in an experiment with six factors with two
levels each (a 26 design), there are 64 cells, and at least 64
runs are needed. The full design requires at least 64 sub-
jects, with only a single subject for every treatment com-
bination; however, in that case, it is not possible to estimate
within-cell variance. Fractionating the design means that
the design is partitioned into several equivalent parts,
with each part requiring only a fraction of the number of
subjects. For instance, one creates a design with four frac-
tions of 16 runs each. The notation for such a design is
2(6 2 2). With the fractional design, it is possible to use one
of the four fractions with only 16 treatment conditions.
With 32 subjects, there are two subjects in each cell. This
number of subjects is half that of the full design, and it
also allows for an estimate of within-group variance. In
a fractional design, only a selection of the cells of the full
factorial design is used. The systematic selection of treat-
ment combinations (cells or runs) results in the combina-
tion of several effects, with only a single estimate available
for the total amount of variance of these combined effects.
This is called confounding. The effects that are combined
are noted as an equivalence. See the example below.

(1) = A1 * B1 * C1 * E1 = A1 * B1 * D1 * F1 = C1 * D1 * E1 * F1
(1) = A1 = B1 * C1 * E1 = B1 * D1 * F1 = A1 * C1 * D1 * E1 * F1
(1) = B1 = A1 * C1 * E1 = A1 * D1 * F1 = B1 * C1 * D1 * E1 * F1
(1) = A1 * B1 = C1 * E1 = D1 * F1 = A1 * B1 * C1 * D1 * E1 * F1
(1) = C1 = A1 * B1 * E1 = A1 * B1 * C1 * D1 * F1 = D1 * E1 * F1
(1) = A1 * C1 = B1 * E1 = B1 * C1 * D1 * F1 = A1 * D1 * E1 * F1
(1) = B1 * C1 = A1 * E1 = A1 * C1 * D1 * F1 = B1 * D1 * E1 * F1
(1) = A1 * B1 * C1 = E1 = C1 * D1 * F1 = A1 * B1 * D1 * E1 * F1
(1) = D1 = A1 * B1 * C1 * D1 * E1 = A1 * B1 * F1 = C1 * E1 * F1
(1) = A1 * D1 = B1 * C1 * D1 * E1 = B1 * F1 = A1 * C1 * E1 * F1
(1) = B1 * D1 = A1 * C1 * D1 * E1 = A1 * F1 = B1 * C1 * E1 * F1
(1) = A1 * B1 * D1 = C1 * D1 * E1 = F1 = A1 * B1 * C1 * E1 * F1
(1) = C1 * D1 = A1 * B1 * D1 * E1 = A1 * B1 * C1 * F1 = E1 * F1
(1) = A1 * C1 * D1 = B1 * D1 * E1 = B1 * C1 * F1 = A1 * E1 * F1
(1) = B1 * C1 * D1 = A1 * D1 * E1 = A1 * C1 * F1 = B1 * E1 * F1
(1) = A1 * B1 * C1 * D1 = D1 * E1 = C1 * F1 = A1 * B1 * E1 * F1

Confounded effects of a 2(622) design.
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Here, the confounded effects are noted in the same way
as in Fractional Design Wizard: The number after each fac-
tor indicates that it is concerned with an effect in a fractional
design. In this design, all main effects are confounded only
with interaction effects of three or more factors, whereas
two-way interactions are confounded with each other but
not with main effects. This means that the main effects can be
estimated, if one assumes that all interactions of three or more
factors are negligible. The two-way interactions cannot be
estimated, since these are confounded with each other. How-
ever, when the main effects are estimated, it is not necessary
to assume that the two-way interactions are zero.

The variances of confounded effects are summed, and a
single estimate is available for the total amount of variance.
For instance, main effect A1 can be estimated if the effects
B1 * C1 * E1, B1 * D1 * F1 and A1 * C1 * D1 * E1 * F1
are assumed to be zero. Alternatively, if the amount of vari-
ance attributable to three effects is known from previous
research, the fourth effect can be estimated. If the total
amount of variance of the confounded effects is zero, all ef-
fects must be zero, including the main effect. This makes
the technique especially useful in a situation in which one
wishes to eliminate possibly irrelevant factors from among
many candidates.

There are nearly always various possibilities for frac-
tionating a full design into equivalent parts. However, only
fractional designs that allow for at least the estimation of
main effects are considered to be useful. Effects that are
not confounded with each other are called protected ef-
fects, and, in essence, these protected effects are estimable.
Fractional Design Wizard allows the user to select these
protected effects, although it is not always possible to find
a valid fractional design with the desired properties.

Notation
In a fractional design, all main effects remain unsplit,

each with the normal degrees of freedom. Main effects are
all bound to unity, which is noted by Fractional Design
Wizard as A1, B1, C1, and so on. Interaction effects of
factors with three levels or more can be split into equiva-
lent parts, each with a corresponding allotment of degrees
of freedom. In a fractional design with factors of three lev-
els, all interaction effects are split into parts, each with two
degrees of freedom. For each effect (interaction effects as
well as main effects), the first factor is always indexed
with 1. For instance, in a design with factors of three lev-
els, the A 3 B effect (4 df ) is split into two parts, which
are noted as A1 * B1 and A1 * B2, each with 2 df. With
two levels, all interaction effects have only a single degree
of freedom and the interaction effects are not split. In gen-
eral, in fractional designs with factors of n levels, there are
n 2 1 df for each main effect and n 2 1 df for each of the
partitioned interaction effects. It is important to note that
the indexes do not refer to levels, but that the effect nota-
tion refers to contrasts in the fractional design.

In general, fractional effects are noted by a combination
of letters and digits, and most authors use superscripts

(Kempthorne, 1979; Winer, Brown, & Michels, 1991). As
Fractional Design Wizard uses text-only output, normal
digits are used. Moreover, to make clear that every effect
is an effect of a fractional design, one always uses a com-
bination of a factor and a digit. For instance, in a 3(3 2 1)

design there are 13 effects, which are commonly noted as
A, B, C, A * B, A * B2, A * C, A * C2, B * C, B * C2, A *
B * C, A * B * C2, A * B2 * C, and A * B2 * C2. These
are noted in the text-only output of Fractional Design
Wizard as A1, B1, C1, A1 * B1, A1 * B2, A1 * C1, A1 *
C2, B1 * C1, B1 * C2, A1 * B1 * C1, A1 * B1 * C2, A1 *
B2 * C1, and A1 * B2 * C2. The digits do not refer to the
levels, but are used to discriminate between the partitioned
effects. The partitioned interaction effects are separate es-
timates of the unpartitioned interaction effect and, apart
from that, they have no meaning.

Fractional Design Analysis
Many fractional designs can be analyzed with common

analysis of variance (ANOVA) programs. For the estima-
tion of main effects there are no special necessary provi-
sions. In the case of designs with two-level factors, all inter-
action effects of fractional designs are also estimable with
common ANOVA programs (Mendenhall, 1968). Only
when the user wants to analyze fractional designs with fac-
tors of three levels or more, special provisions are nec-
essary for the estimation of two-way interaction effects.
Details on the calculation of effects when fractional de-
signs are used can be found in Kirk (1993).

When a fractional design involves factors of three levels
or more, all interaction effects are split into components.
When the fractional design is constructed in such a way
that some or all of the two-way interactions are estimable,
the components of these two-way interactions require sep-
arate labeling. And, since the degrees of freedom of each
interaction effect are equally divided over the fractionated
interaction components, a program for the analysis of the
interaction components has to attribute the correct degrees
of freedom to each of the interaction components. Re-
grettably, a program for the ANOVA that could handle this
situation gracefully is not generally available. Most com-
mon ANOVA programs are not equipped with the neces-
sary options to handle these special requirements. How-
ever, in many cases, the analysis and interpretation of these
partitioned interaction components are unnecessary.

Computer Program Design
The program is intended for researchers who want to be-

come acquainted with the properties of fractional designs.
The program is especially relevant for researchers of de-
signs with a large number of factors, who may want to re-
duce the design without losing the possibility of testing all
main effects. The largest design that can be fractionated by
Fractional Design Wizard is a design with 10 factors of two
levels.

The first objective of the program is to make a compli-
cated arithmetic procedure available to researchers. The
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second objective of the program is to offer an easy-to-use
interface. The general structure is more or less that of other
so-called experts or wizards that are often used within the
Windows working environment. This structure allows the
user to make decisions on a step-for-step basis, providing
no more than the necessary information for making the de-
cision at hand. The user gives the necessary input in a total
of eight dialog windows that are presented in a step-for-
step fashion. Dialog windows that become superfluous are
skipped, depending on the user’s input. All dialog win-
dows have a corresponding page in the accompanying
help file. In most cases, user input is limited to valid val-
ues. If the user wants a design that requires too much of
the memory resources, the user is warned and invited to
reduce the design. The output is first presented on screen.
The user can select, cut and paste the output for use in other
programs, send it to the printer, or save it as a text-only file.

Requirements. The computer program requires a cur-
rent desktop computer with Windows 95 (or a more recent
version of this operating system), having a minimum of 32
MB of memory. It is provided with an installer, offering
add-and-remove procedures common to Windows users.
Fractional Design Wizard is written in Object Pascal
within the Delphi programming environment. The main
library is the Visual Component Library, a standard part
of the Delphi programming environment. The earlier im-
plementation of the Franklin algorithm for the genera-
tion of fractional design (Franklin, 1985) was written in
FORTRAN by Turiel (1988). With the first step, the trans-
formation of the FORTRAN code into Pascal, small im-
provements could be made. The first alteration concerned
an improvement of the routine that searches for valid
fractional designs. This improvement resulted in more valid
solutions than did the Turiel implementation, but only under
relatively rare conditions. A second improvement con-
cerned the use of memory allocation: In some circum-
stances, the program needs less memory than was allo-
cated in Turiel’s original version. The program has a help
file that explains the use and limitations of the program.
It also offers a short introduction to fractional design, which
may be helpful when the program’s output is interpreted.
There are many other sources for documentation, since an
increasing number of books are published on the subject
of fractional design (Box, Hunter, & Hunter, 1978; Dodge,
Fedorov, & Wynn, 1988; Kempthorne, 1952/1973; Lou-
viere, 1988; McLean & Anderson, 1984; Upperman, 1993;
Winer et al., 1991), some of them specifically written for
use in the social sciences.

Interface. Before using the program, the researcher
needs to know the number of levels and factors of the full
design. In the first dialog window, the user specifies the
number of levels and factors of the complete design. The
basic specification of the full design requires that all fac-
tors have the same number of levels. The number of lev-
els must to be a prime (i.e., 2, 3, 5, or 7).

In the second dialog window, the user enters the de-
gree of fractionation, which determines the number of parts
the full design is fractionated into. The degree of fraction-
ation is always a negative power of the number of levels.

The number of possible fractions is dependent on the num-
ber of factors and the degree of fractionation. For instance,
in a 3(5 2 1) design, the basic full 35 design with five fac-
tors of three levels each, needs at least 243 subjects, when
each treatment or run is given to a subject. The fractional
design is a reduction of 321, or one third. The three equiv-
alent fractions each have 81 runs, requiring at least 81
subjects.

The third dialog window offers the choice between
searching for a fractional design or recreating a known
valid fractional design. The creation of a fractional design
is systematic and is defined by a so-called defining con-
trast. The program can search for such a defining contrast,
given the specified features of the design. Alternatively,
when a defining contrast is found in a previous session, and
the user wants to recreate the fractional design, the defin-
ing contrast can be entered and the program regenerates the
fractional design.

In the fourth dialog window, the user can select the
protected effects. Protected effects are effects that are not
confounded with each other. In this dialog window, the user
can specify the main effects and the two-factor interactions
that have to be protected to make estimation possible. The
default option is to have only the main effects protected
(see Figure 1).

In the fifth dialog window, the program offers an op-
tion for handling the remaining unprotected effects. If
there remains unprotected main or two-way interaction ef-
fects, it is possible to have these unconfounded with the
protected effects. Alternatively, they will be confounded
with the protected effects. Remaining unprotected ef-
fects can always be confounded with each other and with
all higher order effects.

The sixth dialog window allows the user to select the
so-called indicator factors. Indicator factors allow the pro-
gram to run efficiently by avoiding search through redun-
dant solutions. Each combination of indicator factors de-
termines a unique set of defining contrasts that can be
found. Each set of defining contrasts that can be found with
a specific combination of indicator factors is similar to a
set found with another combination of indicator factors.

In most cases, the default indicator factors offered will
suffice. However, the indicator factors become relevant if
the user is looking for a specific solution. The number of
indicator effects, as well as the minimum number of ef-
fects necessary to define a contrast, is always the same as
the degree of fractionation. Each of the indicator effects
is a unique part of one of the effects in the defining con-
trast. When a specific solution is desired, a valid set of in-
dicator factors can be found by eliminating all factors in
the defining contrast that are not unique. For instance, when
the defining contrast is (1) 5 A1 * C1 * E1 5 B1 * D1 *
E1 5 A1 * B1 * E1 * F1, the valid indicator factors for
finding this solution are the set of C1, D1, and F1, since
the other factors A1, B1, and E1 are part of more than one
of the effects in the defining contrast. In this example,
there is only one valid set of indicator factors for finding
this defining contrast. In other cases, various sets of indi-
cator factors can lead to the same valid solution. For in-
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stance, for a 2(6 2 2) design, the solution (1) 5 A1 * B1 *
C1 * E1 5 A1 * B1 * D1 * F1 can be found with indica-
tor factor pairs C1 and D1, C1 and F1, E1 and D1, and
E1 and F1. When this specific solution is searched for, the
nonunique factors A1 and B1 cannot be used as indica-
tor factors. Franklin (1985) offers a more technical de-
scription of the use of indicator effects.

The seventh dialog window is for selecting the output.
The user can select the desired output for display. The last
dialog window is the output window. The user can select,
copy and paste the output for use in other programs, print
it, or save it as a text file.

Although the user needs a basic knowledge of common
experimental designs, the program and accompanying help
file provide the user with the necessary information for
each of the dialog windows. However, the help file is no
more than a short introduction to the field. Advanced work
on fractional design (e.g., Upperman, 1993) offers solu-
tions for fractional designs in complicated situations not
covered by the program.

Output. First, the output (see the Appendix for exam-
ples) shows the chosen design parameters: number of lev-

els, number of factors, and degree of fractionation. Sec-
ond, it shows the selected protected effects that are un-
confounded with each other and, when so chosen, the ef-
fects that are unconfounded with the protected effects.
Further, the selected indicator factors are also shown. When
the program finds a suitable solution for these design pa-
rameters, the group formed by the defining contrasts and
the first and the defining contrast is optionally displayed.
The defining contrast is the information needed to recre-
ate the fractional design. Optionally, the full pattern of
confounding is displayed. This information is needed to
interpret the results of an ANOVA, when fractional de-
sign is used. If the presented solution is satisfactory, the
user may want to display the fractions. Each fraction
shows the runs (or experimental treatments) necessary to
implement the fraction. In the Appendix, four examples
of output are presented. These examples are the same as
those offered by Turiel (1988).

The output answers several key questions. If the program
can find a solution, given the chosen design parameters,
the output provides the information needed to implement
the design, as well as the information needed to interpret

Figure 1: The fourth dialog window of Fractional Design Wizard. In this dialog window, the user selects the effects to be pro-
tected. A 3(5 2 1) fractional design is shown with the default option for the protected effects: All main effects are protected. The user
can go forward to the next dialog window, or backward to the previous dialog window, using the Next button or the Back button. 
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the output of an ANOVA of the results obtained by using the
fractional design.

Evaluation
The intended goal of this project was to make fractional

design more easily available to social science researchers.
The first stage in the process was the construction of the
step-by-step user interface, offering the user the opportu-
nity to make decisions concerning the design without the
distraction of unnecessary information or further require-
ments. The second stage was the construction of a help file,
which provides the information needed for using the pro-
gram, as well as a basic introduction to fractional design.

The easy-to-use interface is an important improvement
in comparison with older, as well as more recent, pro-
grams. Nevertheless, further improvements are possible.
The search algorithm is not very fast and could be im-
proved. The designs the program can handle are limited to
fractional designs with factors of two, three, five, and seven
levels. Upperman (1993) pointed to possible solutions for
factors of four levels, which may be augmented to six and
eight levels. An ANOVA of these fractional designs with
a nonprime number of levels needs special provisions,
and interpretation of results obtained with these designs
may be less than straightforward. The present program
does not offer solutions for mixed designs that use a dif-
ferent number of levels for each of the factors. Again,
Upperman showed some possible solutions. Further re-
search is needed, aimed at improving search-and-select
mechanisms for possible fractional designs, for the im-
plementation of more complex fractional designs. Fur-
thermore, an ANOVA should be made available for de-
signs of factors with more than three levels and involving
protected two-way interactions. Regular ANOVAs are not
suited to these situations.

Notwithstanding these possible improvements, we think
that the present program makes fractional design more
accessible to behavioral researchers and can prevent some
of the possible misunderstandings and misinterpreta-
tions of fractional designs.

Availability
Our primary goal is to make fractional design more eas-

ily available to researchers in the social sciences and to
offer the possibility of learning about fractional design in
an easy way. Therefore, the program is made available as

freeware and is distributed via the Internet at www.fss.
uu.nl/ms/hl/fracdes.htm.
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APPENDIX
Output Examples

These examples are the same as those offered by Turiel (1988). The output differs from the output presented
by Turiel in one respect: Turiel showed nonunique factors [such as A1 next to A2, which are actually the same
(A1 = A2)], whereas the present program displays only unique factors. Another difference is that the current
program offers the full pattern of confounded factors, which may be helpful when results are interpreted. The
designs with two levels for each factor have the factor level coded with 0 or 1 for every run. When there are
three levels, the codes for the levels are 0, 1, and 2 for every run.

http://www.fss.uu.nl/ms/hl/fracdes.htm
http://www.fss.uu.nl/ms/hl/fracdes.htm
http://www.ingentaconnect.com/content/external-references?article=/0892-0591^28^297L.44[aid=2296814]
http://www.ingentaconnect.com/content/external-references?article=/0167-8116^28^2913L.139[aid=1167638]
http://www.ingentaconnect.com/content/external-references?article=/0040-1706^28^2927L.165[aid=2296815]
http://www.ingentaconnect.com/content/external-references?article=/0167-8116^28^2912L.293[aid=2296816]
http://www.ingentaconnect.com/content/external-references?article=/0743-3808^28^2932L.528[aid=2296817]
http://www.ingentaconnect.com/content/external-references?article=/0162-1459^28^2989L.1209[aid=2296818]
http://www.ingentaconnect.com/content/external-references?article=/1225-0635^28^2919L.132[aid=2296819]
http://www.ingentaconnect.com/content/external-references?article=/0022-4065^28^2920L.63[aid=2296820]
http://www.ingentaconnect.com/content/external-references?article=/0892-0591^28^297L.44[aid=2296814]
http://www.ingentaconnect.com/content/external-references?article=/0167-8116^28^2913L.139[aid=1167638]
http://www.ingentaconnect.com/content/external-references?article=/0167-8116^28^2912L.293[aid=2296816]
http://www.ingentaconnect.com/content/external-references?article=/0743-3808^28^2932L.528[aid=2296817]
http://www.ingentaconnect.com/content/external-references?article=/0162-1459^28^2989L.1209[aid=2296818]
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Output Listing 1
This design is the same as the solution presented by Dey (1985) for a four-factor experiment in which each

factor has three levels. The full 34 design requires 81 runs. The program searches for a 1�3 fraction of the full
design—that is, a 3(4 2 1) design. The remaining unprotected effects may be confounded only with each other
and with higher order interaction effects. The solution is found with indicator factor D1, but can also be found
with indicator factor C1, B1, or A1.

Design Parameters:

Number of Levels: 3

Number of Factors: 4

Degree of Fractionation: 1

Design: 3^(4-1) resulting in three fractions of 27 runs.

Protected effects that are unconfounded with each other:

(1)

A1

B1

C1

D1

Effects unconfounded with the protected effects:

A1*B1

A1*B2

A1*C1

A1*C2

A1*D1

A1*D2

B1*C1

B1*C2

B1*D1

B1*D2

C1*D1

C1*D2

Indicator Factors: D1

A defining contrast is:

(1)=A1*B1*C1*D1

Confounded effects:

(1)=A1*B1*C1*D1

[A1]=B1*C1*D1=A1*B2*C2*D2

[B1]=A1*C1*D1=A1*B2*C1*D1

[A1*B1]=[C1*D1]=A1*B1*C2*D2

[A1*B2]=A1*C2*D2=B1*C2*D2

[C1]=A1*B1*D1=A1*B1*C2*D1

[A1*C1]=[B1*D1]=A1*B2*C1*D2

[B1*C1]=[A1*D1]=A1*B2*C2*D1

A1*B1*C1=[D1]=A1*B1*C1*D2

A1*B2*C1=[B1*D2]=A1*C1*D2

[A1*C2]=B1*C2*D1=A1*B2*D2

[B1*C2]=A1*B2*D1=A1*C2*D1

A1*B1*C2=A1*B1*D2=[C1*D2]

A1*B2*C2=[A1*D2]=B1*C1*D2

At least one of the main effects is confounded with three-way effect(s)

At least one of the two-way effects is confounded with two-way effect(s)

To run the defined experiment, use one of the following fractions:

Fraction 1

Run a b c d

1  0 0 0 0

2  2 1 0 0

3  1 2 0 0
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4  2 0 1 0

5  1 1 1 0

6  0 2 1 0

7  1 0 2 0

8  0 1 2 0

9  2 2 2 0

10  2 0 0 1

11  1 1 0 1

12  0 2 0 1

13  1 0 1 1

14  0 1 1 1

15  2 2 1 1

16  0 0 2 1

17  2 1 2 1

18  1 2 2 1

19  1 0 0 2

20  0 1 0 2

21  2 2 0 2

22  0 0 1 2

23  2 1 1 2

24  1 2 1 2

25  2 0 2 2

26  1 1 2 2

27  0 2 2 2

< two more fractions are produced >

Output Listing 2
This concerns plan 6A.4 of Cochran and Cox (1957). This design is a one-eighth fraction of a 26 factorial

design, in which  all main effects and the AB interaction are protected and therefore estimable. However, the
protected effects are allowed to be confounded with the remaining two-way interactions. For every set of in-
dicator factors, two valid solutions are found. However, since the desired solution is (1) 5 A1 * C1 * E1 5
B1 * D1 * E1 5 A1 * B1 * E1 * F1, the indicator factors must be C1, D1, and F1. In contrast to Turiel’s (1988)
implementation, the user can select this third set of indicator factors (C1, D1, F1) as one of the offered choices.
In Turiel’s program, the user has to try for another solution, until the desired solution is found.

Design Parameters:

Number of Levels: 2

Number of Factors: 6

Degree of Fractionation: 3

Design: 2^(6-3) resulting in eight fractions of 8 runs.

Protected effects that are unconfounded with each other:

(1)

A1

A1*B1

B1

C1

D1

E1

F1

Indicator Factors: C1 D1 F1

A defining contrast is:

(1)=A1*C1*E1=B1*D1*E1=A1*B1*E1*F1

Confounded effects:

(1)=A1*B1*C1*D1=A1*C1*E1=B1*D1*E1=B1*C1*F1=A1*D1*F1=A1*B1*E1*F1=C1*D1*E1*F1

[A1]=B1*C1*D1=[C1*E1]=A1*B1*D1*E1=A1*B1*C1*F1=[D1*F1]=B1*E1*F1=A1*C1*D1*E1*F1

[B1]=A1*C1*D1=A1*B1*C1*E1=[D1*E1]=[C1*F1]=A1*B1*D1*F1=A1*E1*F1=B1*C1*D1*E1*F1

[A1*B1]=[C1*D1]=B1*C1*E1=A1*D1*E1=A1*C1*F1=B1*D1*F1=[E1*F1]=A1*B1*C1*D1*E1*F1

[C1]=A1*B1*D1=[A1*E1]=B1*C1*D1*E1=[B1*F1]=A1*C1*D1*F1=A1*B1*C1*E1*F1=D1*E1*F1

[A1*C1]=[B1*D1]=[E1]=A1*B1*C1*D1*E1=A1*B1*F1=C1*D1*F1=B1*C1*E1*F1=A1*D1*E1*F1

[B1*C1]=[A1*D1]=A1*B1*E1=C1*D1*E1=[F1]=A1*B1*C1*D1*F1=A1*C1*E1*F1=B1*D1*E1*F1

A1*B1*C1=[D1]=[B1*E1]=A1*C1*D1*E1=[A1*F1]=B1*C1*D1*F1=C1*E1*F1=A1*B1*D1*E1*F1
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At least one of the main effects is confounded with two-way effect(s)

At least one of the two-way effects is confounded with main effect(s)

To run the defined experiment, use one of the following fractions:

Fraction 1

Run a b c d e f

1  0 0 0 0 0 0

2  1 1 1 1 0 0

3  0 1 1 0 1 0

4  1 0 0 1 1 0

5  1 0 1 0 0 1

6  0 1 0 1 0 1

7  1 1 0 0 1 1

8  0 0 1 1 1 1

< The program generates seven other fractions >

Output Listing 3
The third example shows a regeneration of a known defining contrast. It is the solution offered by the Na-

tional Bureau of Standards (Connor & Zelen, 1959), involving four factors with three levels each. The main
effects and the interaction effects A1B2, A1C2, A1D2, B1C2, B1D2, and C1D2 are estimable. The protected
effects are allowed to be confounded with the remaining unprotected two-way interactions. The indicator fac-
tor in this example is D1. However, the same solutions can be found with indicator factor A1, B1, or C1.

Design Parameters:

Number of Levels: 3

Number of Factors: 4

Degree of Fractionation: 1

Design: 3^(4-1) resulting in 3 fractions of 27 runs.

Protected effects that are unconfounded with each other:

(1)

A1

A1*B2

A1*C2

A1*D2

B1

B1*C2

B1*D2

C1

C1*D2

D1

Indicator Factors: D1

A defining contrast is:

(1)=A1*B1*C1*D1

Confounded effects:

(1)=A1*B1*C1*D1

[A1]=B1*C1*D1=A1*B2*C2*D2

[B1]=A1*C1*D1=A1*B2*C1*D1

[A1*B1]=[C1*D1]=A1*B1*C2*D2

[A1*B2]=A1*C2*D2=B1*C2*D2

[C1]=A1*B1*D1=A1*B1*C2*D1

[A1*C1]=[B1*D1]=A1*B2*C1*D2

[B1*C1]=[A1*D1]=A1*B2*C2*D1

A1*B1*C1=[D1]=A1*B1*C1*D2

A1*B2*C1=[B1*D2]=A1*C1*D2

[A1*C2]=B1*C2*D1=A1*B2*D2

[B1*C2]=A1*B2*D1=A1*C2*D1

A1*B1*C2=A1*B1*D2=[C1*D2]

A1*B2*C2=[A1*D2]=B1*C1*D2
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At least one of the main effects is confounded with three-way effect(s)

At least one of the two-way effects is confounded with two-way effect(s)

To run the defined experiment, use one of the following fractions:

Fraction 1

Run a b c d

1  0 0 0 0

2  2 1 0 0

3  1 2 0 0

4  2 0 1 0

5  1 1 1 0

6  0 2 1 0

7  1 0 2 0

8  0 1 2 0

9  2 2 2 0

10  2 0 0 1

11  1 1 0 1

12  0 2 0 1

13  1 0 1 1

14  0 1 1 1

15  2 2 1 1

16  0 0 2 1

17  2 1 2 1

18  1 2 2 1

19  1 0 0 2

20  0 1 0 2

21  2 2 0 2

22  0 0 1 2

23  2 1 1 2

24  1 2 1 2

25  2 0 2 2

26  1 1 2 2

27  0 2 2 2

< The program generates two other fractions >

Output Listing 4
The last example is based on the solution presented by Box, Hunter, and Hunter (1978) and demonstrates

that the program finds the same solution for the 2(5 2 1) design. All two-way interaction effects are protected,
and there are no remaining unprotected main or two-way interaction effects. The solution is found with indi-
cator factor E1, but the same solution can be found with indicator factor D1, C1, B1, or A1.

Design Parameters:

Number of Levels: 2

Number of Factors: 5

Degree of Fractionation: 1

Design: 2^(5-1) resulting in two fractions of 16 runs.

Protected effects that are unconfounded with each other:

(1)

A1

A1*B1

A1*C1

A1*D1

A1*E1

B1

B1*C1

B1*D1

B1*E1

C1

C1*D1

C1*E1

D1

D1*E1

E1
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Indicator Factors: E1

A defining contrast is:

(1)=A1*B1*C1*D1*E1

Confounded effects:

(1)=A1*B1*C1*D1*E1

[A1]=B1*C1*D1*E1

[B1]=A1*C1*D1*E1

[A1*B1]=C1*D1*E1

[C1]=A1*B1*D1*E1

[A1*C1]=B1*D1*E1

[B1*C1]=A1*D1*E1

A1*B1*C1=[D1*E1]

[D1]=A1*B1*C1*E1

[A1*D1]=B1*C1*E1

[B1*D1]=A1*C1*E1

A1*B1*D1=[C1*E1]

[C1*D1]=A1*B1*E1

A1*C1*D1=[B1*E1]

B1*C1*D1=[A1*E1]

A1*B1*C1*D1=[E1]

At least one of the main effects is confounded with four-way effect(s)

At least one of the two-way effects is confounded with three-way effect(s)

To run the defined experiment, use one of the following fractions:

Fraction 1

Run a b c d e

1  0 0 0 0 0

2  1 1 0 0 0

3  1 0 1 0 0

4  0 1 1 0 0

5  1 0 0 1 0

6  0 1 0 1 0

7  0 0 1 1 0

8  1 1 1 1 0

9  1 0 0 0 1

10  0 1 0 0 1

11  0 0 1 0 1

12  1 1 1 0 1

13  0 0 0 1 1

14  1 1 0 1 1

15  1 0 1 1 1

16  0 1 1 1 1

< The program generates a second fraction >

(Manuscript received January 2, 2001;
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