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(54) APPARATUS FOR DETERMINING THE
RESULT OF ANSWERS TO A SET OF RELATED
QUESTIONS

(71) We, NATIONAL RESEARCH
DEVELOPMENT CORPORATION, a
British corporation established by statute,
of P.O. Box 236, Kingsgate House, 66/74
Victoria Street, London, SW1 6SL, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,
to be particularly described in and by the
following statement:-

The invention relates to an apparatus for
determining the results of answers to a set of
related questions each having at least two
answers.

The word ‘question’ as used in this specifi-
cation is intended to include any statement,
which may be a statement in symbolic form,
to which there are a plurality of responses.
The word ‘answer’ is intended to include
any such response for example, true, false;
yes, no; less than, equal to, greater than.

Many situations can be described by the
answers to a series of questions. There may
be many questions in the series and hence a
large number of ways in which the answers

can be combined in a set having one answer _

to each question. Associated with each set
of answers there may be an instruction
concerning the action to be taken in the
situation described by that set of answers.
The questions, sets of answers and instruc-
tions can be presented in a decision table in
which the questions are arranged, for exam-
ple, in a column and the answers are
arranged in an array adjacent the column of
questions, each column of the array being
unique and corresponding to a unique set of
answers. The instructions are associated
with the columns of the array of answers. A
person wishing to use the decision table to
assist him in choosing the action to be taken
in a situation must first describe the situa-
tion by a set of answers to the questions of
the decision table. He must then search
through the array of answers to find the

column which corresponds to that set and
hence the associated instruction. The inven-
tion provides an apparatus to assist in the
search through the array.

In accordance with the present invention
there is provided apparatus for determining
the result of answers to a set of related
questions each having at least two answers,
comprising, for each question, a respective
answer device which is operable to present,
in accordance with an answer selected by an
operator, one Or more answer symbols
forming part of an array, the presented
answer symbol or symbols associated with
each question being disposed in a line of the
said part of the array, all the presented
answer symbols defining not more than one
complete path through the said part of the
array which leads the operator to a single
reference out of a set of references carried
by a record member, wherein the lines of
presented answer symbols are disposed side-
by-side and the set of references is arranged
adjacent the lines of answer symbols where-
by the operator can scan alil the presented
answer symbols when searching for the said
complete path which extends across the
lines of answer symbols to the said single
reference.

The invention will be further described by
way of example and with reference to the
accompanying drawings in which:-

Figure 1 is a decision table showing all
possible combinations of answers to two
questions;

Figure 2 is an abridged version of the
decision table of Figure 1;

Figure 3 shows a record member bearing
an array of answer symbols corresponding
to the decision table of Figure 2;

Figure 4 shows apparatus constructed
according to the invention for determining
the result of answers to the two questions of
the decision table of Figure 2;

Figure 5 shows another record member
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bearing an array of answer symbols corres-
ponding to the decision table of Figure 2;

Figure 6 shows two answer devices for use
with the record member shown in Figure 5;

Figure 7 shows the answer device of
Figure 6 in use with the record member of
Figure 5;

Figure 8 shows yet another record mem-
ber bearing an array of answer symbols
corresponding to the decision table of Fi-
gure 2;

Figures 9 and 10 show apparatus con-
structed according to the invention for
determining the result of answers to the two
questions of the decision table of Figure 2;

Figure 11 shows another apparatus con-
structed according to the invention for
determining the result of answers to the two
questions of the decision table of Figure 2;

Figure 12 shows yet another apparatus
constructed according to the invention for
determining the result of answers to the two
qugstions of the decision table of Figure 2;
an

Figure 13 is a section through an answer
device for use with the record member of
Figure 3 or 8.

Figures 1 and 2 show decision tables
relating to a simple problem in tax law. To
decide whether income is taxable two ques-
tions must be answered - Has the income
arisen in the U.K? Is the taxpayer resident
in the UK? Each question has only two
possible answers - Yes and No. In Figure 1,
adjacent the questions is shown an array of
answer symbols in which the columns re-
spresent the four possible combinations of
answers to the two questions, NN, NY etc.
representing No No, No Yes etc. Associated
with combination of answers in a statement
of the correct action to be taken in the
situation described by that combination of
answers, for example if the answers to both
questions is No then the income is not
taxable.

As there are only three possible actions to
be taken, the decision table of Figure 1 can
be abridged to that of Figure 2. The dash in
the third column against the second ques-
tion indicates that the answer to the second
question, when combined with the answer
Yes to the first question, does not affect the
action to be taken.

Referring to Figure 3, a complete array of
answer symbols, identical to the array
shown in Figure 2, is recorded on a record
member adjacent a column of questions
which may be written out in full or merely
identified by numbers. Below each column
of the array there is a cross in line with a
reference to the correct action to be taken.
The crosses and references are recorded on
the record member which is preferably a
sheet of paper or cardboard. The symbols Y
representing Yes answers are recorded in a

different colour to the symbols N represent-
ing No answers, for example the Ys are in
green and the Ns are in red. The dash
indiclating that both answers Yes and No
lead to the same reference is recorded in
black as are the crosses, references, and the
questions of the numbers which identify the
questions.

Arranged in front of the record member
are two answer devices, one for each ques-
tion as shown in Figure 4. Each answer
device comprises two portions of transpa-
rent colour filter material joined together to
form a strip 10. One portion, the right-hand
half 11, of each strip 10 is green filter
material and one portion, the left-hand half
12, is red, these colours being chosen to
correspond to the colours used for the
answer symbols. Each portion of colour
filter material is large enough to cover a
complete line of the array of answer symbols
on the record member, the line being that
associated with one of the questions. In use
of the apparatus each strip is positioned
either with the green portion 11 covering the
line of the array or with the red portion 12
covering the line of the array, these posi-
tions of the strip corresponding to selection
of No or Yes answers respectively. .

Figure 4 shows the apparatus in use. The
operator has selected the answer No to
question one and the answer Yes to ques-
tion two. The strips of the answer devices
have been positioned accordingly, the line
of the array associated with question one
being covered by the green portion of the
first strip and the line associated with
question two being covered by the red
portion of the second strip. Consequently,
only the red N symbols in the line associated
with question one, i.e. the symbols corres-
ponding to the selected answer, are clearly
visible, the green Y symbol being virtually
indistinguishable from the background
when viewed through the portion of green
filter material. To illustrate the diference in
visibility of the N and Y symbols in the first
line of the array, the Y symbol is shown in
broken lines in Figure 4. Similarly in the
second line of the array the green Y symbol
is clearly visible through the portion of red
filter material and the red N is not. The
black dash is clearly visible through the red
filter material and it would also be visible
through the green filter material.

Having selected an answer for each ques-
tion and operated the answer devices
accordingly, the operator merely scans the
clearly visible answer symbols which form
part of the array to find a complete column
of clearly visible answer symbols. There will
always be one and only one such column. In
Figures 4 the only complete column of
clearly-visible answer symbols in the pre-
sented part of the array is the central
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column of the array, which can be followed
like a path through the presented part of the
array. By looking down the column to the
black cross and then left along the line
containing the cross, the operator is led to
the reference B. The explanation of the
references can be given on the record
member or on a separate sheet of paper or
cardboard.

To summarise the procedure with refer-
ence to Figures 3 and 4, the operator selects
an answer for each question and operates
the answer devices accordingly. Each
answer device when operated, renders some
answer symbols in a line of the array clearly
visible and obscures the remainder of the
symbols in that line. Consequently only part
of the array is rendered clearly visible. The
answer symbols rendered clearly visible are
those corresponding to the selected answer.
When all the answer devices have been
operated several of the answer symbols are
clearly visible but there is only one complete
column of clearly visible symbols in the
visible part of the array. The operator scans
the clearly visible answer symbols for the
complete column, looks along the column
and is led to one reference out of a set of
references carried by the record member.

Figures 5, 6 and 7 show a similar device to
that shown in Figures 3 and 4. However,
instead of using the letters N and Y to
represent No and Yes answers, a black
square is used in the left-hand half or
right-hand half respectively of a column of
the array. Figure 5 shows a record member
on which is recorded the array shown in
Figure 2 together with references to actions
to be taken. Figure 6 shows the answer
devices each of which comprises a strip 13 of
black paper or cardboard having windows
14 cut out. Each strip 13 has as many
windows 14 as there are columns in the
array, each window being the same size as
the black squares recorded on the record
member. As in the device shown in Figure
4, each strip is arranged in front of the recod
member in line with a question and, in use,
is positioned with the windows 14 either
over the left-hand halves of the columns of
the array or over the right-hand halves. In
Figure 7 the strip in line with question one is
positioned with its windows 14 over the
left-hand halves of the columns of the array
and this position corresponds to the selec-
tion of the answer No. The strip in line with
question two is positioned with its windows
over the right hand halves of the columns of
the array and this corresponds to selection
of the answer Yes for question two.

The strips render visible any black
squares which fall beneath the windows in
the strips. Thus when a strip, such as the
strip for question one in Figure 7, is posi-
tioned in accordance with a No answer, only

black squares in the left-hand halves of the
columns of the array i.e. the black squares
which are symbols for No answers, are
rendered visible. After operating all the
answer devices the operator must look for a
complete black column and follow the col-
umn down to find the reference to the
correct action to be take. Figure 7 shows the
device in use after operation of the answer
devices in accordance with selection of No
and Yes answers to questions one and two
respectively. The central column is the
unbroken black columns. The situation
shown in Figure 7 corresponds to that shown
for a different device in Figure 4.

Figure 8 shows a record member which
can be substituted for the record member
shown in Figure 3 and used with the device
shown in Figure 4. The array of Figure 2 is
recorded on the record member of Figure 8
as a network of paths commonly called a
decision tree. Yes and No answers are
represented by different coloured segments
of paths, for example green and red seg-
ments respectively. To illustrate the use of
different colours in Figure 8, an unbroken
line in Figure 8 represents a green line on
the record member, a broken line repre-
sents a red line on the record member, and a
double line represents a black line on the
record member. A black line on the record
member indicates that both answers Yes
and No give the same result. '

It will be noted that there are three
distinct paths through the array shown in
Figure 8, a path having two segments, one
segment associated with each question. The
three paths correspond to the three columns
in the decision table of Figure- 2. Directly
below the lower end of each path is a black
cross on the record member, each cross
being in line with a reference to an action to
be taken.

The record member of Figure 8 is for use
with answer devices which comprise strips of
material each having a portion of green
colour filter material and a portion of red
colour filter material. The record member
can thus replace the record member of
Figure 3 in the device of Figure 4. In use,
the answer devices are operated in accord-
ance with answers selected by the operator.
After ali the answer devices have been
operated some segments of paths are clearly
visible whilst the remainder are obscured
and there is only one complete path which is
clearly visible. The operator follows this
path and so locates the reference to the
action to be taken.

The paths can be made easier to follow if .

black dots are recorded on the record
member where each segment of a path
branches into further segments. It is also
advantageous to mark with a dot the black
lines which indicate that either answer gives
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the same result. If this is done the operator
can tell which segments of the path will be
unaffected by a change in answer without
having to operate the answer device con-
cerned.

In the apparatus described with reference
to Figures 4, 7 and 8, the answer devices are
movable strips which are positioned in
accordance with selected answers to render
part of an array of answer symbols clearly
visible. The arrays shown in Figures 3, 5 and
8 can be recorded on a sheet of transparent
material to produce record members which
are suitable for illumination from behind the
member using coloured light. Each answer
device thus comprises means to evenly
illuminate with light of different colours a
line of the array associated with one ques-
tion. For use with the arrays of Figures 3, 4
and 8, which have symbols recorded in red,

reen and black, each answer device would

ave to provide red and green light. A single
light source could be used in combination
with filters or there could be two indepen-
dent light sources. On selection of, for
example, a Yes answer to a question the
operator would have to operate the answer
device associated with that question in order
to illuminate the line of the array with red
light. This would render the green Yes
symbols in that line clearly visible whilst
obscuring the red No symbols. When all the
answer devices are operated only one com-
plete path of symbols will be clearly visible.
The record member can be very small, for
example it can be a portion of microfilm,
and illuminated by means of fibre optic light
guides.

Similarly, when a transparent record
member having answer symbols recorded in
different colours is used, each answer device
can comprise strips of coloured material
placed behind a line of the array of answer
symbols. For example, if the record member
has symbols recorded in red and green, a
red strip behind the record member will
obscure the red symbols and render the
green symbols clearly visible. A transparent
record member bearing answer symbols in
different colours can be mounted in a
projector in order to project the answer
symbols on a screen which includes strips of
coloured material. Alternatively, coloured
strips can be produced on a white screen by
incorporating strips of colour filter material
in a projector and projecting light of diffe-
rent colours on the screen. When projecting
a record member on a screen illuminted by
light of different colours, the visibility of the
answer symbols is improved if the record
member is black, the answer symbols being
transparent portions of colour filter mate-
rials.

Another type of answer device is shown in
Figures 9 and 10. The array of answer

symbols is not recorded on a record member
but is recorded on the strips of material 15
which are the answer devices. A record
member 16 carries references to actions to
be taken and, in line with the references,
crosses to assist in locating the references.

Each answer device comprises a strip of
material 15, such as paper or cardboard, on
which are recorded the answer symbols
from one line of the array of symbols shown
in Figure 2. The answer symbols are not all
recorded on one side of the strip but are
divided into Yes symbols and No symbols
which are recorded on opposite sides of the
strip. The dash which indicates that both
answers give the same result is recorded on
both sides of a strip. The symbols on one
side of a strip have the same relative
positions as the corresponding symbols in
the array of Figure 2. When the operator
has selected an answer to a question he
positions the strip 15 either with the side
bearing the Yes symbols uppermost, for a
Yes answer, or with the side bearing the No
symbols uppermost, for a No answer. When
all the answer devices have been operated
the operator scans answer symbols pre-
sented by the answer devices to find a
complete column of answer symbols which
leads him to the reference to an action to be
taken. In Figure 9 the operator has selected
answers No and Yes to questions one and
two respectively, positioned the strips
accordingly, and is led to reference B. In
Figure 10 the operator has selected answers
No and No to the questions, positioned the
strips accordingly, and is led to reference C.

Figure 11 shows apparatus similar to that
shown in Figures 9 and 10. The apparatus
comprises two answer devices 24 and a
record member 25, which is identical to the
record member 16 shown in Figures 9 and
10. Each answer device 24 is a sheet of
material, for example paper, which extends
behind the record member and which has a
question and answer symbol corresponding
to one answer to the question recorded on
one side of the sheet along the upper edge.
The sheets are of different sizes and are
arranged behind the record member such
that when the lower edges of the sheets are
level with the lower edge of the record
member, the symbols recorded along the
upper edges of the sheets are visible. Each
answer device 24 has the answer symbols
corresponding to the different answers to a
question recorded along the upper edge of
opposite sides of the sheet in a similar
manner to that in which symbols are re-
corded on the strips 15 shown in Figures 9
and 10. In use of the apparatus, the operator
selects an answer to each question, positions
the sheets such that the answer symbols
corresponding to the selected answers are
visible and scans the visible symbols for a a
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complete column of symbols. Figure 11
shows the situation when the answer devices
24 have been operated in accordance with
the answers No and Y to questions one and
two respectively and so corresponds to
Figure 9.

When the answer devices comprise sheets
of material as shown in Figure 11, each
answer device has four portions in which
answer symbols can be recorded, i.e. along
the upper and lower edges on both sides of
the sheet. Such answer devices can be used
with questions each having as many as four
answers, for example, with questions having
four different answers, each of the said four
possible answers to a question.

In Figure 12 is shown apparatus which is
very similar to that shown in Figures 9 and
10 except that the Yes and No symbols are
recorded in different portions of one side of
a strip of material 17 instead of on opposite
sides. The situation shown in Figure 12 is
equivalent to that shown in Figure 9. The
symbols Y and N could be replaced by
vertical strokes because the operator has
merely to search for complete column of
symbols. He does not need to be able to
distinguish between the Yes and No symbols
providing he knows, from the position of an
answer strip 17, whether the strip has been
positioned in accordance with a Yes answer
or a No answer. If the Y and N symbols in
the apparatus of Figure 12 were replaced by
embossed vertical strokes, the apparatus
could be used by a blind operator. In such
an apparatus answer symbols would be
presented by operation of the answer de-
vices, without necessarily being clearly
visible.

Figure 13 is a section through an answer
device suitable for use with the record
member of Figures 3 or 8. The answer
device comprises an endless belt 18 having a
portion 19 of green colour filter material
and a portion 20 of red colour filter mate-
rial, the two filter portions being separated
by two transparent portions 21. A handle 22
is fixed to the belt to enable the operator to
move the belt around the tensioning rollers
23 and so position the red portion 20 of the
green portion 19 over a line of the array
recorded on a record member. Any of the
answer devices described which comprise
strips of material can be adapted to use a
belt similar to that shown in Figure 13.

In all of the examples described, the
apparatus is based on the decision table of
Figure 2, which is a complete decision table
in the sense that all possible combinations of
answers to the two questions are repre-
sented. After operation of all the answer
devices in apparatus based on a complete
decision table, the presented answer sym-
bols will always define one and only one
path through the presented part of the

array. This feature can be used as a check on
the completeness of the decision table on
which the apparatus is based. When there
are many questions, and hence many com-
binations of answers, it can be advantageous
to produce an incomplete decision table
which does not include those combinations
of answers which are of no interest to the
operator. In apparatus which is based on
such an incomplete decision table, the pre-
sented answer symbols will not define a path
through the presented part of the array
when the answer devices have been oper-
ated in accordance with a combination of
answers which is of no interest to the
operator.

It will be appreciated that the invention is
not limited to the examples of apparatus
described. The invention is obviously not
limited to problems in tax law nor to
situations described by answers to two
questions. In fact, it is in connection with
situations described by the answers to a
large number of questions that the advan-
tages of the invention become apparant.
Scanning some presented portions of a large
array of symbols for a complete column or
path is much simpler than looking at each
column of the complete array to find the
column with a particular combination of
answers.

The questions need not have only two
possible answers and use of the apparatus
shown in Figure 11 with questions having
more than two answers has been descibed.
The apparatus shown in Figure 12 can easily
be adapted for use with questions having
more than two answers by making each strip
longer and recording the symbols corres-
ponding to the different answers to any one
question in different portions of one side of
the strip. Apparatus having answer symbols
recorded in different colours on a record
member can be adapted for use with ques-
tions having three answers. For example, in
apparatus similar to that shown in Figure 4
for use with questions each having three
answers, the three different answer symbols
are recorded in the secondary colours
magenta, yellow and cyan. Covering the
array with the colour filter of a primary
colour, green, blue or red, would obscure
symbols recorded in two of the secondary
colours whilst rendering the symbols re-
corded in the third secondary colour clearly
visible.

Some changes can be made to the struc-
ture of the devices described without de-
parting from the invention. For example,
the apparatus can be adapted for use in
projectors or microfilm readers. The answer
devices can comprise means to project
coloured light on an opaque record member
which carries an array of answer symbols of
different colours together with references.
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In apparatus having answer devices which
comprise strips of material, any suitable
means can be provided for guiding or
squorting the strips in the correct position
relative to the record member, for example
in the apparatus shown in Figure 4 embos-
sed lines can be provided on the record
member and the strips can slide between the
lines. A sheet of transparent material can be
fixed to the embossed lines thus forming
closed channels in which the strips can slide.
Magnets can be used to facilitate movement
of the strips within the channels.

In apparatus in which answer symbols and
references are recorded on a record member
the answer devices can be mounted in a
frame in order to enable movement of the
answer devices as one unit relative to the
record member as the operator scans for a
complete path through the presented part of
the array. For example, in apparatus similar
to that shown in Figure 4, the portions of
colour filter materials need not be large
enough to cover a line of the array if the
answer devices can be moved as one unit
across the record member as the operator
looks for a complete path.

The portions of the array which are to be
presented after operation of the answer
devices could be generated electronically
and displayed on a television screen
together with references. In this case the
screen becomes a record member for the
duration of display of the array and refer-
ences.

Apparatus in which colour filters are used
to differentiate between symbols recorded
in different colours can be adapted to use
diffraction gratings or materials which pola-
rise light if the symbols are recorded on the
record member as portions of compatible
diffraction gratings or polarising materials.

WHAT WE CLAIM IS:-

1. Apparatus for determining the result
of answers to a set of related questions each
having at least two answers, comprising, for
each question, a respective answer device
which is operable to present, in accordance
with an answer selected by an operator, one
or more answer symbols forming part of an
array, the presented answer symbol or
symbols associated with each question being
disposed in a line of the said part of the
array, all the presented answer symbols
defining not more than one complete path
through the said part of the array which
leads the operator to a single reference out
of a set of references carried by a record
member, wherein the lines of the presented
answer symbols are disposed side-by-side
and the set of references is arranged adja-
cent the lines of answer symbols whereby
the operator can scan all the presented
answer symbols when searching for the said
complete path which extends across the

lines of answer symbols to the said single
reference.

2. Apparatus according to claim 1,
wherein every answer device comprises at
least one strip of material carrying answer
symbols, the different answer symbols cor-
responding to the different answers to any
one question being in different portions of
the strip or on different strips, the strip
being movable to present the said portions
or other strips.

3. Apparatus according to claim 2,
wherein the different answer symbols cor-
responding to the different answers to any
one question are recorded on opposite
surfaces of one strip which is rotatable to
enable either surface to be presented.

4. Apparatus according to claim 1,
wherein a complete array of answer symbols
is recorded as a table on the record member,
every answer device comprising a movable

_strip of material having windows through

which parts of the complete array can be
presented.

5. Apparatus according to claim 1,
wherein a complete array of answer symbols
is recorded as a table on the record member,
the different answer symbols corresponding
to the different answers to any one question
being recorded in different colours, every
answer device comprising a movable strip of
material having transparent portions of col-
our filter material.

6. Apparatus according to claim 1,
wherein a complete array of answer symbols
is recorded as a network of paths on the
record member, every path branching at
every question into further paths recorded
in different colours corresponding to the
different answers to the question, every
answer device comprising a movable strip of
material having transparent portions of col-
our filter material.

7. Apparatus according to any of claims
2 to 6, wherein the movable strip of material
is arranged as a continuous belt.

8. Apparatus according to claim 1,
wherein a complete array of answer symbols
is recorded on the record member and every
answer device comprises means to illumin-
ate a line of the array with light of at least
two different colours, the light being viewed
by the operator through the record member,
the answer symbols corresponding to the
different answers to any one question being
recorded as transparent portions of different
colour filter material.
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9. Apparatus for determining the result
of answers to a set of related questions, the
apparatus being substantially as herein de-
scribed with reference to the accompanying

5 drawings.
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