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its efforts to achieve targeted costs by using the Value Engineering
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ABSTRACT

This study introduces an evaluation formula to
quantitatively evaluate function F of products by
combining human feeling, one of the important
factors in determining customer satisfaction. and
the various functions of that product by using the
basic VE formula: V = F/C. In addition, this
study introduces an evaluation method of value
V based on the relationship between sales
quantity and price.

This study. then, presents a VE management
system using this evaluation method for business
management as one of various management
supporting systems.

INTRODUCTION
Today. camera models are available from
various camera manufacturers. These

manufacturers are comparable in terms of
expertise and their products do not differ greatly
in their basic functions. Therefore. consumers
find it difficult to distinguish between one model
and another.

Under such circumstances, the most important
challenge facing manufacturers trying to
introduce hit items to the market is how to
determine which factors will ensure customer
satisfaction.

The VE basic formula, V (value) = F (function)
/ C (cost), is very easy to understand conceptually.
However, it is difficult to actually apply it to
business management.
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mainly camera products. one of the most popular consumer

Let us cite a simple example. In a market

flooded with so many competitive products. it is
difficult to analyze in specific numerical values
which products satisfy customers becausc such
analysis must take numerous factors into
consideration. One. therefore. tends to end up
concluding that products that sell in large
quantities or generatc a great deal of profit are
likely to enjoy high customers satisfaction.
This study is characterized by the fact that it
combines methods presented in various fields
with unique ideas and presents a combined
systematic evaluation method. This study also
uses data on compact cameras to show how such a
method can be wused in actual business
management.

OVERVIEW OF THIS STUDY

This study consists of two steps (see Fig. 1).

In the first step. we set up the following
evaluation method by focusing on a compact
camera as an example:

1) Setting up a formula to objectively and
quantitatively cvaluate function F. the
numerator in V = F/C. by multple
regression

2) Expressing consumer feeling, one of the
most important factors in determining
consumer purchase decisions and adding it
in a digitized form to the above evaluation
formula

3) Setting up a formula to evaluate "value V"
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based on the relationship between function
F and the sales quantity.

Setting up a method for setting prices and
for simulating thc number of units to be
sold. based on the above formulae.

4)

In the next step. a procedure for using thc
evaluation method obtained in the first step in
business management is introduced.

(First step)

l Feeling

HMultiple regression”
< >
((Evaluating function F]|

t Sales quantity

([Evaluating the value V)
< >

Sectting a value V that mcets the aims of
product planning in the planning and
development stages

2) Weighting function F by using time-series
data obtained in the first step
3) Cost C’s allocation to the clements of a

production cost based on thc relationship
between value V and function F.

(Second step)

Merchandise planning
(sales price and quantity)
<~

Setting value V |

HSemng tunction F ﬂ

Fccling"@[Basm function ”

[[ Weighting function F H
<>

”'(to the elements of a production cost)

Allocating cost C

[[ Setting the sales price and quantity ||

Fig.1

EVALUATION METHOD OF FUNCTION F

The basic concept of VE according to the
formula V = F/C involves reducing cost C and
increasing function F, thus increasing value V so
as to obtain greater customer satisfaction and
generate profits.  C in this formula V = F/C
represents either manufacturing cost or sales
price, which is expressed in numerical values.
Therefore, it is relatively easy to evaluate. F is
generally evaluated digitally by, for example.
multiple regression. However, in the case of
consumer products such as cameras, it is not easy
in practice to obtain convincing results because
such products are widely available on the market
and are for the most part indistinguishable in
terms of both specifications and performance. We
assume that human feeling may be one of the key
factors in determining a consumer's choice of
product. As a result, we decided to study the
evaluation method of F by taking human feeling
into account.

1. Converting feeling into numerical values
What do consumers focus on, when they select
a camera at a shop? What are the differences
between cameras that sell well and those that do
not? Consumers naturally pay attention to the
specifications and prices indicated in catalogs. In
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Procedure of this study

addition to these factors, their individual feeling
that a product is "groovy" or "neat” seems to us to
play an even more important role in the selection
a product. We. therefore. attempted to convert
such human feelings into numerical values. Here
is how this was done. (see Fig. 2).

(1) Monitor survey

To determine what users are really conscious of,
a monitor survey was conducted as described
below.

Several compact camera models made by
several manufacturers and survey sheets
were provided to monitors.

On the survey sheets. monitors commented
on what they liked or disliked and gave
reasons for their opinions of each model.

)

2)

(2) Data analysis

From the survey results, we obtained the
numbers of comments such as “Like” and
“Dislike” to know which aspects of each camcra
monitors noticed, then analyzed the reasons for
their comments. Finally, we obtained a value
that represents consumer feeling by combining
the degree of attention and degrec of favorable
reception.
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& _Converting feeling into numerical values —>

Monitor questionnaire for compact cameras

Model|l Like |Dislike What Reason
Example D O Zoom sound Too loud
1 H [@] Waterproofing up to a depth of S meter | Not enough
2 H [@) Z com Unavailable
3 B [e] [Body Shm
4 H O Style and color Groovy
5 1 O _ |Lid Does not open easily
[ C [@) Thickness Thin
7 J [@) Sound Too loud
8 K [e] General appearance Cheap-looking
9 L O Finder Does not allow sufficint visibnlitv

Converting words
into numer:cal values
“Agrecableness score’

Model Camera | Camera | Camera | Camera Carmiera
Feeling item A J C D

Design & ss 73 -6 35
Operability g - 32 3 - -
Optical functions, 2 11 -2 76 - A3
Size =21 93 o] -5 . 20
Reliability -5 -19 15 -11 10

Total 18 150 136 64 140
“agreeableness score’]

& Multiple regression a@

Introducing feeling mto
multiple regresston analyst

F value Zoom ratio | AF function jWaterproofing  Panorama - |Feeling score
function function
(=CX\V) X X ; X3 X 4 Xy
Camera A 71,987 2 1 1] 1 18
Camera B 124,538 1 0 [§) [N 150
Camera C 95,468 3 1 1 136
Camera L 90.187 2 1 1 140

*Calculate value F by the formula F=C ~ V. C represents a sales price. To calculate value V,see 4.Evaluation Method of Value V

=

Zoom function
AF function

Results of multiple
regression analysis

Panorama function

Feeling function

Waterproofing function

Function factor
20.000.” Magnification
13.000

1.800

120~ Points —_} v

Function F value

F=20,000 x , +13,000 x , +1,800 x ,+--+120 x ,,

Fig.2 Conversion of feeling and a formula for evaluating function F

The total number of comments expressing
"likc" and "dislike" represents the number
of comments given about a specific camera.
that is, the degree (amount) of attention.

The difference between the number of
such comments., “Like” and “Dislike.”
represents  the  product’s  reputation
(quality).

Determine the weight factor A of one
"Like" comment and one "Dislike"

comment by using the Delphi method.

As a formula of (quality x quantity),
multiply (like + factor A x dislike) by (like -
factor A x dislike).

A square of the number of samples is
dimensionally effective. Therefore.
determine the absolute valuc of that number,
take its square root, and convert it into a
numerical value. (If the value of the square
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root is negative. remove the negative sign.)

“Agreeableness score” = *  ((like +
factor A x dislike) x (like - factor A x
dislike))

Prepare a scorecard of “agrecableness™ for
each camera model. in terms of each factor.
that is. design. operability. size. elc._

Formula for evaluating function F by
multiple regression analysis

Common knowledge in the camera industry
holds that the price range of compact cameras is

determined mainly by the zoom ratio.

We

conducted multiple regression analysis by adding
feeling scores obtained by the method introduced
in section 3.1 to elements listed as basic functions

in the catalog

including zooming. autofocusing.
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panoraming. and waterproofing. to introduce an
evaluation formula for function F. (See Fig. 2.)

We take a compact camera as an example. To
obtain function F value. the zoom ratio is
multiplied by a function factor of 20.000 when a
zoom function is provided. Similarly. a function
factor of 13.000 is applied for the autofocus
function and a function factor of 1.800 is applied
for the waterproofing. Furthermore. the feeling
score is multiplied by a function factor of 120.
Thus, by obtaining function F. quantitative
evaluation becomes possible.

METHOD FOR EVALUATING VALUE V

Quantitative evaluation of function F is thus
possible.  Now. we would like to discuss what
value V represents.

When different cameras have the same
functions. and there is difference in sales price.
the lower priced model has a higher V value.
Therefore, we would like to examine the
relationship between the sales price and the sales
quantity under the condition that value F is fixed.

We can estimate how many more cameras will
sell when value V is higher, if the camera’s
functions remain the same. If we know the
answer to this question, we can determine what
should be value V by reversc reasoning.

When cameras with different functions sell at
prices matching their respective functions and
they have equal V values. we can imagine that
they will scll in equal quantities and that value V
for users will affect the number of units to be sold.
This means that. with this method. we can judge
that. if they sell for prices that match their
respective functions and are cqual in valuc V for
users, cheap-looking and stylish cameras will scll
in equal quantities. and that they will have the
same V value if they sell in cqual quantities.
Customer value V should have such significance.

However. it is not casy to analyze cases in
which cameras have different functions with
different sales prices. Therefore. we first fixed
the functions and confined the variables to prices
alone. If an identical camera with equal
functions sells on the market at half a price (that
is, with doubie V). will the sales quantity doublc?
Or will this quantity triple or quadruple? If we
know the answer to this question. wc should be
able to determine the price on the basis of the
number of units sold and value V. which is the
inverse of the price.

Taking a compact camera as an example. we
have introduced a formula from the viewpoint
described below to make confirm the above
concept.

Changes in prices and sales quantityJ

Sales quantity [ AP

AS

Price

Sales quantity

rV: a +(log(number of unitsy 8 )I

Basic number

“Relationship between price and guantity™

converted into a

“relationship between valueV and quantity™

4\

ofunitssold | 777 T

*Alpha,beta,gamma.delta.and t are constants
*For calculation purposes. V=1(basic) when
themonthly sales quantity is 1,000 units

V+r
L. <)
Number of units=10

V=l V(I/P)

Fig.3 Relational formula of the value and sales quantity derived
from the relationship between the sales price and sales quantity
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If a product is cheaper, it generally tends to sell
more. We know also that over timc a new
product’s sales quantity tends to decreasc. In
order to minimize this decrease. that is. maintain
the sales quantity, sales prices arc often reduced.
As shown in Fig. 3. from the relationship between
this reduced price. delta "P”". and the incremental
quantity realized by price reduction, delta “S™.
we can obtain an approximate relational formula
for price and sales quantity.

In the case of compact cameras. a general
relational formula is obtained as indicated in Fig.
3. Plotting this formula allows us to easily see that
the sales quantity increases very rapidly as value
V increases.

ESTIMATED SALES PRICE AND QUANTITY
BASED ON FUNCTION F AND VAILUE V

By combining the evaluation formula for value
F. which includes a feeling clement and the
evaluation formula for value V based on the
relationship between value V and the sales
quantity, when we fix either price C, value V or
the sales quantity. we can theoretically determine
value V or price C based on the relational formuia
Vv =F/C.

The simulation described below is therefore

possible. An example with compact cameras is
shown in Fig. 4.

Zoom function 3.5 times
AF function Yes
Waterproofing function Yes
Panorama function Yes
Feeling function 160 Points
F=150,000 (Value V=1)

<t

Actual sales price ¥60,000 Estimated sales quantity
v

From V=F'C = From number of units=10 *
V=25 18.000 units/month

Sales quantity target: Actual sales price
30,000 units/month =
From V= a +f(log numberofumts/ 8 } From C=F/V

V=28 ¥53.500

Fig.4 Prices and sales quantity as assumed
based on function F and valueV

If a new product is equipped with a zoom ratio
of 3.5X, a feeling score (agreeableness score) of
160 points, and an autofocus function, value F
becomes 150,000. This value means that V = 1.
that is, if 1,000 units are to be sold per month,
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cach unit should sell for 150.000 yen. If this
camera is actually sold for 60.000 yen, value V
will be 2.5 according to the relational formula
of V = F/C. Consequently. the sales quantity
obtained from the relational formula for value V
and sales quantity should be 18.000 units.

On the contrary. if we want to sell 30,000 units
per month, this means that valuc V will be 2.8
according to the relational formula for value V
and the salcs quantity indicated in Fig. 3. It
follows then from the relational formula of C =
F/V that the actual sales price should be 33,500
ven.

HOW TO USE THE RESULTS OF THIS
STUDY IN BUSINESS MANAGEMENT

Before introducing new products to the market .
manufacturers go through various steps.
including development and production. If the
importance of "0 Look VE" is stressed in gencral
VE activities. various activities will be very
important in the planning stage to ensure that
consumers will be very satisfied with the new
products. Next. wc would like to explain how
this theory can be used to identify a sense of
values. so that they can be reflected in product
planning during the planning stage where neither
merchandise prototypes. nor specifications are
fixed. Furthermore. we would like to propose
this procedure as a systematic evaluation method.
if this method is applied to a specific merchandise
strategy. the steps described below may be
followed (Fig. 5).

(1) Setting a V value that matches product
planning needs
First. let us assume that we have set a sales
pricc range and a sales quantity for a new
product. Camera I, in the planning stage. At this
stage. however, the camcra's specifications are
not fixed.

Here. let us assume that we have a plan to sell
this new model. Camera 1.  at twice the rate of a
current good seller Cameral L, keeping both sales
prices at the same level. Because the sales price
of Camera L was 45.000 yen and its monthly
sales quantity was 30,000 units, we would have to
sell  60.000 units of Cameralat 45.000 yen.

According to this plan, we would like to
determine value V required for Camera 1. If value
V of Camera L is 2.8, according to the formula
given in Fig. 3. the required value V for Camera
1 will be 3.2.
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@f the value evaluation method at the planmn@

Results of the current model.

Planning of the new model.

Camera L Camera [
Actual sales price ¥45 000 ¥45 000
Sales guantity 30,000 units/month 60,000 unitssmonth
From V= a+filog number of units’ 8 )
V value 28 32
From V=F,
F_value 126,000 144,000 1s necessary Tarpet for mcrease

Feehing score

f4u

If the basic_tunctions are identical,

of value F
150

D 290 15 necessary

V feeling = F feeting A C feeting

V pasic functions ~F_basic functions_~”C_ basic funtions

[’[’amally-fucused activity

Ratio based on 1993

Feeling factors

1.6
1.4
1.2 1 .

/ Changes 1n the weight of
104 factors constituting function F
08 b =
0.6 Basic functions ——#

1993 1994 1995 1996

In the entire product,

vt= (I pasic tunctions " F seelng 1
* € et 1) Lor

(C pacic functions

Fig.5 How to use evaluations in business management

(2) Setting function F to satisfy value V

Since value V and sales price of Camera I have
been fixed. function F required for Camera I can
be calculated by using the formula V = F/C. In
this case. Camera I requires a function F value of
144,000, while the function F of Camera L was
126.000.

The elements constituting function value F are
zoom ratio. availability of autofocus. availability
of a panorama function. and human feeling. For
Camera 1, therefore. we should determine which
elements should be stressed in an attempt to
increase function value F.

One thing to consider here is the fact that the
evaluation formula for function value F changes
constantly. In the case of a camera. for example.
the first time an autofocusing was added to a
camera, the availability of such a function greatly
affected the evaluation formula for function F.
However, after this function had become very
popular, the effect on the evaluation formula
became less. Thus. by comparing the evaluation
formulae obtained in a time series by multiple
regression, we can see changes in the weight of
each factor in the evaluation formulae (Fig. 5).

Trends in compact cameras over the past few
vears indicate that, while the basic functions for
taking photographs such as the zoom ratio or

autofocus function no longer play the most
important rolc because almost all compact
cameras available on the market have them. the
feeling element is becoming more important. As a
result. to increase the weight of function F of
Camera 1. in this case, we must improve design
and size bccause cameras must now appeal to
consumer feeling.

(3) Setting feeling scores that satisfy function F

Camera 1. which requires a function F of
144.000 as opposed to a function F of 126.000
and a feeling score (“agreeablencss™ score) of 140
points of Camera L. which wc obtained from
the monitor survey. will require a feeling scorc of
290 points, which is the sum of the old score for
Camera L and 150 points. if the zoom ratio.
autofocus function. and other basic functions are
assumed to be identical (Fig. 5). As a result.
in order to sell twice as many of Camera I as
many as of Camera L without changing the sales
prices and basic functions of these two models
(that is, improving the feeling scorc alone) a
very high feeling score (double that of Camera L)
will be required.

To realize the original product plan of the
Camera 1. we must achieve a feeling score of 290
points. In this case. we must create a prototype
model that can obtain a feeling score of 290
points. With this model. we can conduct a
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monitor survey as described in 3.1 under the same
conditions. This procedure can then be repeated
until a feeling score of 290 points 1s achieved.

(4) Cost allocation according to merchandise
planning

Camera 1. which has a feeling score of 290
points. will naturally cost more than the previous
model, Camera L. In this case. applving the
feeling portion only to V = F/C surely increases
function F. but cost C also rises. This is against
the basic philosophy of VE. Therefore. any cost
above that of Camera L, the previous model.
should be minimized by reducing the cost of the
functions that Camera 1 inherits from previous
model in order to satisfy the feeling target. As a
result, the sales price of the Camera I. as a whole.
will match the target.

That is. with this method. we can increase
valuc V of the product greatly by allocating clear-
cut regions for the portion where function F is
found to have value V and the portion where cost
C is found to have value V (Fig. 3).

This is how the results of this study can be used
in business management. In product planning.
evervone is trving to create a better product at a
lower cost. However. proceeding with the
development without defining the targets for
making a better planned product and the targets
for reducing the cost  will often end up with a
product that is highly functional but expensive or
a product that is inexpensive but unattractive.

However. by following the steps that we have
outlined. we can clearly identify the targets of
increased functionality and the cost targets. which
makes it easier to evaluate various activities,
Furthermore. since the VE concept s
incorporated in all processes from planning to
production. the wuse of this method will
presumably make it possible to conduct consistent
and logical VE activitics.

SUMMARY

In this study. by combining various VE
methods including how to fix the sales price. how
to evaluate functions. how to evaluate a products’
feeling. and many other VE methods which have
been presented in reference documents and other
sources. we propose a VE method that can be
used effectively throughout the cntire flow of
processes  from actual  business planning 10
production. We  then  demonstrated  the
cffectiveness of the method by introducing sonic
cxamples.
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This paper reports on the results of research
conducted on cameras, and we think that this
method can take any form depending on the
product characteristics. In other words. the VE
methods combined with basic theories are
virtually limitless.
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