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Commonality indices for product family design: a detailed
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Companies today are faced with the challenge of providing as much variety as possible for the market-
place with as little variety as possible between products. To achieve this, many companies are using
platform-based product development to realize families of products with sufficient variety to meet
customers’ demands while keeping costs relatively low. The challenge when designing a family of
products is in resolving the trade-off between product commonality and distinctiveness: too much
commonality can cause products to lack distinctiveness and perform poorly, while too little com-
monality can increase manufacturing costs. Toward this end, several commonality indices have been
proposed to assess the amount of commonality within a product family. In this paper, a framework for
redesigning a product family using commonality indices is proposed. We first compare and contrast
six of the commonality indices based on their ease of data collection, consistency, sensitivity, and
repeatability. Nine families of products are dissected, and the commonality of each family is then
computed. This study lays a foundation for understanding the relationships between different platform
leveraging strategies and the resulting degree of commonality within a product family. The framework
that is then proposed gives recommendations for product family redesign using commonality indices.
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1. Introduction

Many companies today are faced with the challenge of providing as much variety as possible
for the marketplace with as little variety as possible between products. To achieve this, many
companies are using platform-based product development to realize families of products with
sufficient variety to meet customers’ demands while keeping costs relatively low (for a detailed
review of the literature, see Simpson 2004). A product family is a group of related products that
share common characteristics (e.g. features, components, modules, or subsystems), and the
key to designing a successful product family is the product platform around which the family
is developed (McGrath 1995, Meyer and Lehnerd 1997). The challenge when designing a
family of products is in resolving the trade-off between commonality and distinctiveness: if
commonality is too high, products lack distinctiveness, and their individual performance is
non-optimal; on the other hand, if commonality is too low, manufacturing costs will probably
increase (Robertson and Ulrich 1998, Simpson et al. 2001). Commonality is best obtained
by minimizing the non-value added variations across the products within a family without
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limiting the choices of the customers in each market segment; that is, to make each product
within a family distinct in ways customers notice and identical in ways that customers cannot
see.

To help assess this trade-off, many commonality indices have been proposed in the literature.
A commonality index is a metric to assess the degree of commonality within a product family
based on different parameters such as the number of common components, the component
costs, the manufacturing processes, and so on. These indices often provide a surrogate for
estimating manufacturing cost savings within a family and are often the starting point when
designing a new family of products or when analysing an existing family; however, there
have been only limited comparisons between many of these commonality indices and their
usefulness for product family (re)design. Consequently, the aim in this study is to lay the
foundation for a framework for using commonality indices to support product family redesign.
To do so, we first analyse the relationships between product family design and six different
commonality indices in the literature (see section 2). Nine different families of products are
then dissected and analysed (see section 3), and the six indices are computed for each product
family. Comparisons are then made between families and within each family based on the
ease of data collection, consistency, sensitivity, and repeatability (see section 4). Based on
the results, we give recommendations for using these six commonality indices and propose a
framework to support product family redesign (see section 5). Closing remarks are offered in
the final section.

2. Overview of commonality indices

This section provides a brief overview of each index. These indices consider commonality
from a component perspective (i.e. the similarities or differences between components within
a product family); they do not focus on aspects such as functionality or performance. Table 1
summarizes the six indices used in this study; details on how each is computed follow.

2.1 Degree of Commonality Index
The Degree of Commonality Index (DCI) is the most traditional measure of component part

standardization (Collier 1981). It reflects the average number of common parent items per

Table 1. Commonality indices for comparative study.

Commonality Zero Complete
Name Developed by measure for  commonality commonality

DCI  Degree of Collier (1981) The whole 1 B= Z’f:‘fﬂ d;
Commonality Index family

TCCI Total Constant Wacker and Trelevan (1986)  The whole 0 1
Commonality Index family

PCI  Product Line Kota, Sethuraman and Miller The whole 0 100
Commonality Index  (2000) family

%C  Percent Siddique, Rosen and Wang Individual 0 100
Commonality Index ~ (1998) products

Cl Commonality Index ~ Martin and Ishii (1996, 1997) The whole 0 1

family
CI©  Component Part Jiao and Tseng (2000) The whole 1 a= Z?:l PR I

Commonality family
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average distinct component part:

i+d
Zj:iJrl @,

DCI =
d
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where @; is the number of immediate parents component ;j has over a set of end items or
product structure level(s), d is the total number of distinct components in the set of end items
or product structure level(s), i is the total number of end items or the total number of highest
level parent items for the product structure level(s). The component item is any inventory item
(including a raw material) other than an end item that goes into higher level items, and the
end item is the finished product or major subassembly subject to a customer order or sales
forecast.
The parent item is any inventory item that has component parts.

i+d

p= ) @

Jj=i+1

The DCI has no fixed boundaries, ranging between 1 and 8. The DCI can be interpreted as the
ratio between the number of common components in a product family and the total number of
parts in the family. The main advantage of the DCI is its ease of computation, but the moving
boundaries make it difficult to estimate increases in commonality when redesigning a family
and compare different families of products.

2.2 Total Constant Commonality Index

The Total Constant Commonality Index (TCCI) is a modified version of the DCI (Wacker and
Trelevan 1986). Contrary to the DCI, the TCCI is a relative index that has absolute boundaries
ranging from O to 1:
d-1
TCCl=1— (77— )
Z_,‘:l q)j -1

The absolute boundaries of the TCCI facilitate comparisons between families and within a
family during redesign.

2.3 The Product Line Commonality Index

Contrary to the indices that simply measure the percentage of components that are common
across a product family (and hence penalizing families with a broader feature mix), the Product
Line Commonality Index (PCI) measures and penalizes the differences that should ideally be
common, given the product mix (Kota ez al. 2000). The PCI is given by:

P P
Zl‘:]_ n* fut 2 fai — Zi:1 1/”,‘2 x

PCI = -
P*N =Y 1/n?

100 3)

where P is the total number of non-differentiating components that can potentially be stan-
dardized across models, N is the number of products in the product family, n; is the number
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of products in the product family that have component i, f3; is the size and shape factor for
component i, f»; is the materials and manufacturing processes factor for component i, and f3;
is the assembly and fastening schemes factor for component i. fy; is the ratio of the greatest
number of models that share component i with identical size and shape to the greatest possible
number of models that could have shared component i with identical size and shape (1;). f2:
is the ratio of the greatest number of models that share component i with identical materials
and manufacturing processes to the greatest possible number of models that could have shared
component i with identical materials and manufacturing processes (n;). f3 is the ratio of
the greatest number of models that share component i with identical assembly and fastening
schemes to the greatest possible number of models that could have shared component i with
identical assembly and fastening schemes (n;).

The PCI has fixed boundaries that range from 0 to 100. When PCI = 0, either none of the
non-differentiating parts are shared across models or, if they are shared, their size/shapes,
materials/manufacturing processes, and assembly processes are all different. When PCI =
100, it indicates that all the non-differentiating parts are shared across models and that they
are of identical size and shape, made using the same material and manufacturing process, and
the fastening methods are identical. PCI focuses on commonality that should exist between
products that share common or variant components rather than on the unique components. It
provides a single measure for the entire product family, but it does not offer insight into the
commonality of the individual products within the family.

2.4  Percent Commonality Index

The Percent Commonality Index (%C) is based on three main viewpoints: component view-
point, component—component connections viewpoint, and assembly viewpoint. Each of these
viewpoints results in a percentage of commonality, which can be combined to determine an
overall measurement of commonality by weighting each item (Siddique et al. 1998). The
component viewpoint measures the percentage of components of a platform that are common
to different models and is the percent commonality of components C.:

c 100* common components @)
© " common components + unique components

The component—component connections viewpoint measures the percentage of common
connections between components, C,:

c 100* common connections 5)
n — s . s
common connections + unique connections

Similarly, the assembly viewpoint measures the percentage of common assembly sequences.
Two indices are used: C; to measure the percentage of common assembly sequences, and C,
to measure the percentage of common assembly workstations:

100* common assembly component loading

C =

common assembly component loading + unique assembly component loading

(6)
c - 100* common assembly workstation @
“ " common assembly workstation + unique assembly loading
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These four values can then be combined into an overall platform commonality measure; the
weighted-sum formulation is the most popular (Siddique ef al. 1998):

4
%C = I"Ci = I."Ce+ 1,"C, + 1 C1 + 1,*C, (®)
i=1

where I; is the importance (weighting factors) where X7; =1, and C; is the percent
commonality as previously described.

The resulting %C ranges from 0 to 100. This index takes manufacturing and assembly into
consideration; moreover, it can be adapted to different strategies using the weighting factors.
The disadvantage is that the measure is applied to each platform and not the family as a
whole.

2.5 Commonality Index

Proposed by Martin and Ishii (1996, 1997), the Commonality Index (CI) is a modified version
of the DCI that provides a measure of unique parts:

u—maxp;

Ccl=1-
> pj —Max p;

©)

where u is the number of unique parts, p; is the number of parts in model j, and v, is the final
number of varieties offered.

The CI ranges from 0 to 1. The CI can be interpreted as the ratio between the number of
unique components in a product family and the total number of part in the family.

2.6 Component Part Commonality Index

Proposed by Jiao and Tseng (2000), the Component Part Commonality Index CI© is an
extended version of the DCI that takes into account product volume, quantity per operation,
and the cost of component part:

© _ Li=a [P @y XL (Vi )]

Cl
S [P Y (Vi0ip)]

(10)

where d is the total number of distinct component parts used in all the product structures of a
product family, j is the index of each distinct component part, P; is the price of each type of
purchased parts or the estimated cost of each internally made component part, m is the total
number of end products in a product family, i is the index of each member product of a product
family, and V; is the volume of end product i in the family. ®;; is the number of immediate
parents for each distinct component part d; over all the products levels of product i of the
family. Y"1 | ®;; is the total number of applications (repetitions) of a distinct component part
d; across all the member products in the family. Q;; is the quantity of distinct component part
d; required by the product i.
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The CI© has variable boundaries that range from 1 to . The CI© gives very useful
information, as it takes the cost of each component into consideration. A very expensive part
common throughout a family has more influence than a part that is very cheap and different
from one product to another. A disadvantage in CI‘© is in estimating the quantity and cost
information needed to compute the index.

3. Dissection methodology and description of the experiments

In the first part of the research, we investigate the relationships between the product design
and the resulting degree of commonality within a product family using the six commonality
indices. First, nine different product families are selected and dissected. The second step is
the collection of data related to the dissection. The third step uses these data to compare and
contrast the commonality indices. Four experimental measures are studied: ease of data collec-
tion, consistency, repeatability, and sensitivity. These measures are essential when developing
the framework to support product family redesign using these indices (see section 5), and
similar criteria are employed by Gershenson ez al. (2004) in developing their framework for
modular product design. However, this study is not exhaustive as other important factors are
not measured. For example, the computational time for each index is not considered in this
study: all of the indices are based on the same dissection and product information, which is
stored in Excel spreadsheets, and the additional computational time is indirectly measured by
the repeatability and the ease of data collection.

3.1 Dissection of the products in each family and data collection

Nine different families of products classified into four groups—single-use cameras, com-
puter mice, power tools, and coffeemakers—are dissected and analysed for this study (see
table 2). For the single-use cameras, computer mice, drills, screwdrivers, and coffeemakers,
we can compare products with the same main function but with specific additional features—
such as the Fujifilm single-use-cameras, where each product has the same main function (i.e.
taking pictures) but with different characteristics (e.g. Flash, Waterproof). Meanwhile, for the
Versapak tool set we can analyse different products from the same manufacturer that have
different functions but share common and variant components. These families cover a wide
range of manufacturing processes, including plastic injection moulding, metal casting, metal
stamping, and electronics assembly. Each product within each family is dissected to the lowest
level (i.e. the parts cannot be further divided into subassemblies). However, some assemblies
were difficult, if not impossible, to dissect to that extent, such as the electronic printed circuit
boards, taken as a single part for analysis. The dissection does not take any fastening meth-
ods (e.g. screws, bolts, etc.) and electrical wires into consideration: these parts, easy to share
within a product family, can artificially increase the values of the commonality indices.
After disassembly, each part is photographed and weighed. The data (e.g. part,
mass, type of commonality, etc.) are then stored into a web-based product database
(http://edog.mne.psu.edu/pfd/) used to identify common components within a family.

3.2 Experiments conducted

Three experiments are conducted to compare the indices. This section provides details of each
experiment.
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Table 2. Products analysed in each family.

‘ Product .
Group Family Products
Quicksnap Quicksnap Quicksnap Quicksnap
Outdoor Flash—old  Flash—new  Waterproof
Fujifilm ‘_x. ) -
— o | B
Single-use
cameras MATK MAX Flash Tuti Saver 35 Plus Digital MAX HQ ADVANTI Black & WA Water
OQutdoor Switchable White & Sport
Kodak o q v o "- @ F'- -
L k : e .y
Optical Optical Cordless MIC300 MIC500 MICI00
Mouse Wheel Optical
Mouse Mouse
- »
Logitech 3 e - i‘\ - l
¥ S a ‘ -
Computer
mice Wheel Wireless IntelliMouse  IntelliMouse Wireless Wireless
Mouse Optical Optical Esxplorer IntelliMouse  IntelliMouse
Optical Mouse Explorer Explorer for
Blue Eluetooth
o g ~ 59 9
\ - : "
— y .
1/4" Heavy 3/8" Heavy 1/2" Heavy  Heavy Duty
VSR Duty Duty VSR Duty VSR Drywall
Drill DW217  Drill DW226 Drill Screwdriver
Dw231 Dw2s1
Dewalt q - -
o = “y=s: "§=
1\ n ] 1 x
24V Twist 36V Twist Twist24 V3.6 V Super
Power tools Power Driver Power Driver  Cordless Tt
Slal 2924 2936 Screwdriver  Strewdriver
2106 2211-01
4% . MY TR I G
. Screwdriver Rotary Drill Breprocatin Circular
Flashlight Tool Saw
Black & == -
T = -
106571 106731 106581 106591F 106721
General
Electrics
Coffee-
-makers

Coffee

3.2.1 Computation of the commonality indices. The first focus in this study is the com-
parison of the six indices applied on each product family. For each index, the computation
is performed using an Excel spreadsheet program in order to minimize errors and maximize
the repeatability from one family to another; example calculations are given in Thevenot and
Simpson (2004).

3.2.2  Sensitivity experiment. The commonality indices are subjected to two types of
variations: variations that are voluntarily introduced by the user (such as a compari-
son of two slightly different designs within a product family), and variations that are
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involuntarily introduced in the computation (referred to as ‘noise’). In order to perform
well, the indices should have two distinct and opposite behaviours regarding these vari-
ations: they should detect small changes in the design voluntarily introduced by the
user (accuracy), while not being sensitive to noise (robustness). In this study, only the
effect of the noise on the commonality indices is investigated, using Monte Carlo sim-
ulation. Monte Carlo simulation is a ‘procedure to estimate the value and uncertainty
of the result of a calculation when the result depends on a number of factors, each of
which is also uncertain’ (http://www.sbeach.navy.mil/Programs/Environmental /IR /Rea-
ding_Room/Glossary/G_MNO.htm). The outputs (the commonality indices) depend on the
value of the inputs (the different parameters listed in section 2), of which many are uncertain,
as they are ‘subjective’ and user-dependent. Simulations are run in Microsoft Excel using
Crystal Ball. The data from section 3.2.1 are used as ‘target’ values, and the variations around
these values are analysed. Two indices were analysed in this part of the experiment—namely,
the PCI and the C1©© —as the inputs to compute these two indices are the most subjective, as
explained next.

e Sensitivity of the PCI. The variations of the PCI are mainly due to the subjectivity of
the factors fi;, f2i, and f3 (see equation (3)). Instead of having fixed values, a discrete
distribution is used for each factor based on the normal distribution, as no common dis-
crete distribution fits well (e.g. Poisson, etc.). The following steps are used to compute the
distribution for each factor f;;:

o 1. Identify n; and the current f;;, or ‘target’ value.

2. Define the normal distribution with a mean equal to the ‘target’ value and a standard
deviation set to 0.2. This arbitrary value is chosen large enough so that the effect of
noise can be observed. The discrete distribution is then defined for the values x = k/n;
(where k =1, 2, ...,n;) by computing the integral of the normal distribution around
these values. Figure 1 shows an example of such integration.

Once a distribution is computed for each f;;, the Monte Carlo simulation is conducted.
Based on the distribution applied, the software attributes a value to each factor and computes
the PCI. The process is repeated 500,000 times to ensure an accurate result and since
computation costs were relatively low.

The Monte Carlo output provides us with significant information. The frequency chart
gives an idea of the variability in the results. The contribution to variance chart identifies
each factor and shows how it affects the variations in the PCI. The major factors that
influence the variance are also identified. The first 10% are then fixed (the original target
value is restored), and a second simulation is run to determine the effect of only the remaining
factors on the PCI. Results of these two simulations are discussed in section 4.3.1.

e Sensitivity of the CI'©). The effect of estimating the component costs is analysed. Our
cost estimates are replaced with normal distributions centred on the “target’ values and with
different standard deviations. Five simulations are conducted for each family. The standard
deviations chosen are 5%, 10%, 15%, 20% and 25% of the corresponding target value.
Once a distribution is computed for each cost, the simulation is conducted; only 100,000
trials are computed for this simulation due to the slightly increased computational costs.
The results of this experiment are discussed in section 4.3.2.

3.2.3 Repeatability experiment. To analyse the variability involuntarily introduced dur-
ing the computation of a commonality index by different people (i.e. subjective noise), three
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Figure 1. Computation of the discrete distribution forn = 4 and f;; = 1/2.

families of products with four products in each were analysed: the Kodak and Fujifilm single-
use cameras, and the Mr. Coffee coffeemakers. This last experiment focuses solely on the PCI,
which depends largely on factors attributed by the participants. Although this experiment is
not exhaustive, general conclusions for other commonality indices can be drawn. Six teams of
four to five people participated in the experiment. First, they dissected the products similarly
to the method proposed in section 3.1. The groups were then asked to identify the different
parts as being either common to each product within the family, variants of one another in
each product within the product family, or unique to each product within the product family.
They then took pictures of each product fully dissected with all the components analysed for
each product. They were then asked to compute the PCI for this family (spreadsheets were
provided for the computation). Then each group looked at another set of products already
dissected by another team, and they computed the PCI for this other family. More details can
be found in Simpson and Thevenot (2005). The results of this experiment are presented in
section 4.4.
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4. Analysis of the commonality indices

Using the experimental procedure outlined in the previous section, we now compare the six
commonality indices based on their ease of data collection, consistency (across and within
product families), sensitivity, and repeatability. These comparisons give valuable information
on the design of a product family, which is then used to define a methodology to use these
indices for product family redesign in section 5.

4.1 Ease of data collection

The ease of data collection differs as illustrated qualitatively in figure 2. The easiest indices to
compute are the DCI, TCCI and ClI because they require the same amount of information: the
parts in each product as well as the quantity of each part. These data can be readily obtained
from a bill of materials, and the computation can be easily automated. If this data are not
available, dissection of the products can be conducted (as done in this study); this can be
difficult in some cases, but this information is needed for all the indices.

The PCI and the %C are more difficult to compute: they require more ‘subjective’ informa-
tion, which can vary from one person to another (e.g. the factors f; for the PCI). For example,
when trying to compare two parts to see whether they are common, are parts with the same
shape and size but a different material still considered common? Moreover, the %C requires
more computation (one for each product in the family, as opposed to one for the whole fam-
ily for the other indices). Finally, the CI®© computation can be straightforward (if cost data
are available), but it can also be the most difficult to compute if component costs have to be
estimated.

4.2 Consistency of the commonality indices

4.2.1 Analysis of consistency within the commonality indices.  Using the data from prod-
uct dissection, the six indices are computed, and the results are summarized in table 3. While
the lowest values are for the B&D Versapak family, the highest values are obtained for the
GE Coffeemakers. These indices are indeed based on the component viewpoint, and the B&D
Versapak products share almost no common components in the family while the GE coffee-
makers share most of their components. All the other families have commonality indices
ranging between these two extrema.

Although the same trend is observed for all of the indices, two important differences are
observed. First, the PCI for the Fujifilm, the Black & Decker, and the Dewalt families are
much higher than the TCCI and DCI values. In the Fujifilm family, the commonality is affected
by the Quicksnap Flash (new model), whose platform differs from the three other cameras;
in the Black & Decker family, most components are unique due to the different design of
each product; and in the Dewalt family, the commonality is affected by the presence of one
screwdriver, which differs from the other products (three drills). While computing the PCI,
most of the parts of these products are not considered (unique parts are removed), and the

Cle
DCl
TCCI
Cl PCI %C
Easy to collect data Hard to collect data

Figure 2. Ease of data collection of the indices.
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Table 3. Summary of the commonality index values for each family.

Skill
Logitech Microsoft Fujifilm Kodak B&D Dewalt screw GE coffee

mice mice cameras cameras Versapak drills -drivers -makers
DCI 1.76 1.61 1.75 1.86 1.14 2.07 1.44 4.18
TCCI 43.60% 38.20% 43.40% 46.50% 12.50% 52.10% 31.10% 76.50%
PCI 43.50 42.00 67.50 54.00 22.70 74.70 41.20 85.60
%C 55.70 46.37 56.94 44.84 33.89 75.87 4453 95.42
Cl 64.70% 56.80% 59.70% 56.80% 15.40% 77.10% 65.20% 98.40%
cl© 2,51 2.28 1.97 2.34 1.58 2.97 1.38 4.16

resulting commonality measure increases. The second interesting difference is the low CI©
for the Skil family (1.38), which is explained by the costs of the non-common components in
this family: these parts are expensive to produce, lowering its CI‘© value.

4.2.2 Analysis of consistency of the commonality indices across families of products.

In

this section, the analysis is conducted based on the type of product being analysed.

Comparison of the single-use cameras. On average, the Fujifilm family has higher com-
monality than the Kodak family. Three indices are greater for the Fujifilm family: the PCI,
the %C, and the CI (see figure 3).

Whereas the Cl does not reveal a significant difference between the two families, the PCI
and the %C are higher for the Fujifilm family (4-25.00% for the PCI and +-27.00% for the
%C). The difference in the PCI is explained by the composition of the Fujifilm family: it has
two main platforms, one shared by three cameras and one only used for the new Quicksnap
Flash. On the other hand, the Kodak family appears to have up to five different platforms.
When computing the PCI, most of the components of the new Quicksnap Flash are not
analysed. The higher value of the %C is attributed to the number of common components,
greater for the Fujifilm family (26.50% versus 3.20% for the Kodak family). This significant
difference is obtained by having a common platform and common components for most
of the products in the Fujifilm family. The TCCI, the DCI and the CI‘© are greater for the
Kodak family. While the differences in the TCCI and the DCI are not significant, the CI1¢©
for the Kodak family is 18.78% greater than for the Fujifilm family, which can be attributed
to the unique and variant components being manufactured at lower costs.

Comparison of the computer mice. The Logitech family has higher commonality than
the Microsoft family: all of the indices are greater for the Logitech family (see figure 4).
The CI, 12.21% greater, reveals that the Logitech family has fewer unique parts. The %C

100%
90%
80%

70%
60% 1=

£ Fujifilm single-use
cameras 50% TRy

B Kodak single-use 40% - ‘\
cameras so% |-\
20% - X

10% 11

N

0% -

%C  Average

DCl CI(C)

Figure 3. Comparison for the single-use cameras.
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s 100%
24 ——j 90%
' 20%
70%
60% NN
18 N = Logitech mice 50% N
NN W Microsoft mice 40%

22

/;a,'ﬂ

16
30% +
20% +
10% |

0w LN

14

G0

12

CI(C) %C Average

Figure 4. Comparison for the computer mice.

value is 20.12% higher for the Logitech family. While Microsoft has tried to standardize
the connections (82.50% of common connection versus 71.70% for the Logitech mice),
they did not focus on commonality between the products (10.30% of common part versus
40.00% for the Logitech family). This difference also affects the C1©©), where the Logitech
family achieves lower costs. From these indices, we can conclude that the Logitech family
appears to employ a more effective platform-based product development strategy than the
Microsoft family. However, the PCI shows that when considering only common and variant
components, there are no significant differences between the two families.

e Comparison of the power tools. The power tool families exhibit more difference than
observed in the other types of products (see figure 5). In all the cases, the B&D Versapak
has the lowest commonality, the Dewalt drills have the highest, and the Skil screwdrivers
have intermediate values. The poor values for the B&D Versapak are explained by the
design of the family: rather than trying to achieve high commonality between products
having the same functions, each product of the B&D Versapak has specific functions, and
they share a limited number of components and connections. Hence, the TCCl and the Cl are
extremely low compared with the other families since the B&D Versapak has fewer common
components and more unique components than the Dewalt drills and Skil screwdrivers. In
this case, the focus should not be on these indices but more on the PCI and the %C.

The PCI has a higher value, which means that an effort was made to use common com-
ponents when designing the non-unique components. For the Dewalt family, although the
high values of the commonality indices reveal a good design, a major drawback is also seen:
the products are hardly differentiable. There is a definite trade-off between commonality
and distinctiveness within this set of products.

30 —
28 —
26 —

24 -
22 — B B&D Versapak
20 1 [ W Skil screwdrivers
18 |-— O Dewalt drills

1§ —

14 L
N =l
10 - b :

ole] [elf{v]

%C Average

Figure 5. Comparison for the power tools.
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4.2.3 Comparison between the commonality indices. In this section, comparisons are
made between different indices. The reference index chosen is the TCCI, based on its ease of
computation; it is plotted against the PCI and ClI in figure 6 and compared in the following.

e Comparison between the TCCI and the PCI. The PCI is almost always greater than
the TCCI. The reason is the data considered for each index: for a given family, whereas
the TCCI analyses all the parts in all the products, the PCI only considers the common and
variant parts, ignoring the unique parts. What is more important to consider is the difference
between theses two indices. A great difference between the PCI and TCCI can have several
interpretations. First, the family can contain many unique parts and/or the design of the
common and variant components is optimized (most of them have the same manufacturing
process, same shape, etc.). This is the case of the B&D Versapak, with an increase of 81.60%
between the TCCI and the PCI. Another reason can be the design of the products within a
family: if all the products in a family share most of their components (either common or
variant), except for one product, which has many parts unique, then the PCI can increase
dramatically because most of the parts of this product will not be considered during the
analysis. This is the case for the Fujifilm and the Dewalt family.

e Comparison between the TCCI and the CI. The values of the Cl are also always greater
thanthe TCCI, as seen in figure 6. The TCCI is based on the number of common components,
whereas the CI focuses more on the number of unique components.

4.3 Sensitivity analysis

As discussed in section 3.2.2, the sensitivity of PCI and the CI© is analysed.

4.3.1 Sensitivity of the Product Line Commonality Index. Eight of the families of prod-
ucts presented in section 3.1 are analysed. For each family, two simulations are made as
discussed in section 3.2.2, and the results are presented in table 4. There are two columns for
each family, each corresponding to one simulation. The mean obtained by simulation is lower
than the target value (see figure 7): in the ideal case most factors have a value of 1, whereas in
the simulation they are replaced by distributions with lower values on average. Although the
difference between the target values and the means obtained are significant, it is not considered
in the analysis; the effects of the factors on the PCI are analysed instead.
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Figure 6. The TCCI versus the PCI and the CI.



Table 4. Sensitivity of the PCI.

Dewalt Versapak Skil Microsoft Logitech Koadk Fuji GE
Number of fixed factors 0 10 0 5 0 10 0 7 0 10 0 8 0 7 0 11
Total number of factors 105 105 57 57 99 99 87 87 102 102 81 81 75 75 114 114
Ratio 00% 95% 00% 88% 0.0% 10.1% 00% 80% 00% 98% 0.0% 99% 00% 93% 00% 9.6%
Participation of these factors
in the variance 0.0% 255% 0.0% 395% 0.0% 638% 00% 357% 0.0% 49.9% 0.0% 332% 00% 31.0% 0.0% 17.9%
Target Value T4.7% 747% 201% 20.1% 27.8% 27.8% 42.8% 42.8% 41.6% 41.6% 54.0% 54.0% 67.2% 67.2% 85.6% 85.6%
Mean 60.7% 63.0% 19.4% 19.1% 24.6% 24.1% 37.0% 39.4% 350% 349% 46.0% 459% 56.3% 56.4% 67.8% 68.4%
Number of trials 500000 500000 500000 500000 500000 500000 500000 500000 500000 500000 500000 500000 500000 500000 500000 500000
Standard deviation 3.0% 2% 23% 1.7%  22% 1.6%  27% 24% 23% 18% 33% 2% 38% 33% 29% 27%
Minimum 46.5% 49.2% 10.2% 112% 151% 16.3% 242% 27.9% 23.8% 26.7% 31.3% 328% 37.1% 41.2% 26.7% 55.0%
Maximum 73.6% 751% 31.2% 30.3% 35.0% 31.7% 49.7% 50.5% 46.8% 425% 61.9% 58.6% 73.7% 71.5% 80.5% 79.4%
Table 5. Influence of the factors on the PCI.
Fujifilm Kodak Logitech Microsoft Black & Decker Skil Dewalt GE
Infl. No Infl. Infl. No Infl. Infl. No Infl. Infl. No Infl. Infl. No Infl. Infl. No Infl. Infl. No Infl. Infl. No Infl.
Factors = 1 0.0% 73.3% 0.0%  65.4% 0.0%  75.5% 0.0% 70.1% 0.0%  45.6% 0.0% 78.8% 0.0%  90.5% 0.0% 98.2%
Factors #1 16.0% 10.7% 21.0% 13.6% 88% 157% 17.2% 12.6% 123% 36.8% 0.0% 21.2% 3.8% 5.7% 1.8% 0.0%
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Probabilty Probability Target Value = 41 6%

135% 185% 195% 28% »s% PCl

Versapak family Logitech family

Figure 7. Frequency chart of the PCI for two families.

The main conclusion of this simulation is that the PCI is not very sensitive to small variations
in the input factors (i.e. to noise). While the f; factors have distributions with a large standard
deviation (20% of the mean and more), the PCI values for all the families have a small standard
deviation (between 2.2% and 3.8% of the corresponding mean). Moreover, by fixing 10% of
the factors, the ratio of the standard deviation to the mean can even be decreased by around
0.5%. Hence, all of the factors do not influence the PCI to the same extent.

To identify which factors are mainly influencing the PCI, the contribution of each factor to
the PCI variance is analysed; table 5 summarizes the results. The factors are sorted by their
value (either equal to 1 or not) and by their influence. A factor is considered to influence the
PCI if its contribution to the PCI variance is greater than: 2/number of factors. Another result
(not shown in the table) is that the factors with a corresponding high » value are more likely
to influence the PCI. These results are consistent from one family to another. In summary, the
factors that influence the PCI are mostly different from 1 and correspond to a high » value.
Recommendations based on these findings are given in section 5.

4.3.2 Sensitivity of the Component Part Commonality Index. Two families of products
were analysed: the Fujifilm single-use cameras and the GE coffeemakers. These families were
chosen due to their relatively extreme values of the C1©; that is, relatively low for the Fujifilm
family (1.97) and relatively high for the GE family (4.16). For each family, five simulations
were conducted as discussed in section 3.2.2. The results of the simulation are consistent with
the original values. The average CI(© is the same as the target value, as expected, since the
selected distributions were centred on the target values. The CI‘© appears to be very robust
regarding the component costs. For both families, even with high standard deviations of the
inputs, the standard deviation of the output is very low. This trend can be observed in table 6.
With a standard deviation of the inputs up to 25% of the corresponding values, the CI1‘© keeps
a low standard deviation, less than 3% of the mean. In other words, the ratio of standard
deviation to the mean of the CI© is 6-20 times lower than the corresponding ratio for the
costs.

4.4 Repeatability analysis

As discussed in section 3.2.3, different groups computed the PCI for three families of products.
Some parts were either voluntarily or involuntarily forgotten (or skipped) in the analysis by
different groups; hence, the first step is to normalize the results by ‘completing’ the parts that
are missing for a family by taking the arithmetic average of the values attributed by the other
groups. The results are presented in table 7. For the Mr. Coffee and Kodak family, the variations
of the PCI are quite significant (from 62.2 to 76.8 for the Mr. Coffee family and from 47.0
to 64.0 for the Kodak family); however, there is less variation for the Fujifilm family (from
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Table 6. Results of the sensitivity analysis of the CI(©).

Costs
(inputs) CI© (output) o _
1—‘(:()Sl = ¢ =
ocost/Meost  Target  Lowest  pS)  Highest of)  of/uS  TE/Teos
Fujifilm 5.0% 1.97 1.91 1.97 2.02 0.01 0.5% 10.2%
single-use 10.0% 1.97 1.85 1.97 2.08 0.03 1.5% 15.2%
cameras 15.0% 197 1.78 197 2.13 0.04 2.0% 13.5%
20.0% 1.97 1.74 1.97 2.18 0.05 2.5% 12.7%
25.0% 1.97 1.6 1.97 2.24 0.06 3.0% 12.2%
GE 5.0% 4.16 411 4.16 4.22 0.01 0.2% 4.8%
coffeemakers 10.0% 4.16 4.02 4.16 4.28 0.03 0.7% 7.2%
15.0% 4.16 3.99 4,16 4.33 0.04 1.0% 6.4%
20.0% 4.16 3.94 4,16 4.38 0.05 1.2% 6.0%
25.0% 4.16 3.9 4.16 4.44 0.06 1.4% 5.8%

68.1 to 75.7). Moreover, when comparing two families there is consistency of the values. In
other words, the results for the Kodak family are always lower than the results for the Fujifilm
family despite the large variation.

From this rough analysis, some observations can me made. When computing the PCI, the
user introduces considerable variation at two levels: during dissection, where the parts that
are relevant to the study are identified; and during computation, where values for the factors
f1, f2, and f3 are defined. However, the variations are small when groups computed the PCI
for an already dissected family due to the fact that the variations arising from the dissection
were no longer relevant.

4.4.1 Analysis of the influence of factors. To see where the variations are introduced,
a deeper analysis is conducted, consisting of comparing each part and the values attributed
by the different groups. The first differences occurred during dissection when the groups
disassembled the products and sorted the parts for each product: some groups involuntarily
skipped parts, such as the film, which obviously is a major component; some groups voluntarily
omitted parts during analysis, such as the ones that can be easily standardized (screws, etc.);
finally, the groups dissected the parts with different levels of dissection, and more parts were
thus identified with a more thorough dissection.

The variations on the computation are also due to the differences in the values of the factors.
For a given part, different groups attributed different values for the factors. The complete results
can be found in Simpson and Thevenot (2005). For all the families, there are fewer variations
for the factor f3 than for fi; and f,. For the ‘assembly and fastening scheme’ factor, f3,
the groups were able to identify the connections and the assembly of the parts with fewer

Table 7. PCI values computed by groups during experiment.

Group Mr. Coffee 1 Mr. Coffee 2 Mr. Coffee 3 Kodak 1 Kodak 1 Fuji 1 Fuji 2

1 62.2 48.9

2 64.5 71.6

3 54.8 75.7

4 64.0 68.1

5 76.8 47.0

6 73.3 717
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Figure 8. Front covers for the Kodak single-use cameras.

variations. They were able to clearly compare the assembly methods between two parts (e.g.
glued, snapped, screwed, etc.). Another observation is the high variation in values for the factor
f1 for the Kodak family, which is due to the understanding of what an ‘identical shape and
size’ is. One group considered two parts with ‘similar’ shape and size as ‘identical’. Consider
the front covers illustrated in figure 8. Each camera in the Kodak family has a front cover,
and all of the covers have a different shape. The corresponding fi is 1/4; however, one team
considered that two of the covers were ‘identical’ (because they were very similar in size and
shape), and they assigned f; a value of 1/2.

For the coefficient f>, the differences are due to different understandings of the definition of
‘identical material’. Some groups considered that two parts made of the same material (such
as plastic) but with different colours (such as black for one part and blue for another) still
have ‘identical material’, while other groups considered these parts as different. Such a part
is illustrated in figure 9.

In summary, the differences between the f; values are mainly due to a lack of precise and
accurate definition of the terms. The term ‘“identical’ was interpreted differently by each group,
resulting in large variations in the PCI value. A more complete definition of the factors should
be given to minimize involuntary variations when computing the PCI.

4.4.2 Relative repeatability of the remaining indices. We can extend these results to the
other commonality indices (see figure 10). Depending on the data available for each family
of products, the indices can be classified as either repeatable or non-repeatable. A repeatable
index can be computed by two different people without any variation. On the other hand,
a non-repeatable index is subject to lots of variation (i.e. subjective noise). If no data are

—r

Kodak Max Flash (part black) Kodak Max Outdoor (part blue)

Figure 9. Example of a ‘similar’ part in the Kodak single-use camera family.

< clic)—
DCI
TCCI PCI
Cl %C
Repeatable Non repeatable

Figure 10. Relative repeatability of the indices.
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available, then none of the six indices are repeatable. If a description of the parts for each
product in the family is available, the DCI, TCCI and CI are highly repeatable. If the cost
of each component is also obtainable, the CI1© is considered repeatable. On the other hand,
the PCI and the %C are non-repeatable indices: they are ‘subjective’ as they require human
intervention to answer questions such as ‘do these parts have the same shape?’. For the CI©,
the cost of each part, if unavailable, is hard to evaluate and can also differ from one user to
another.

5. Recommendations for using the six commonality indices

The six indices can be used to estimate the level of commonality in a product family, and
each index lets us specify particular aspects of a product’s design (e.g. number of unique
parts, number of common connections, etc.). Hence, we propose the methodology shown in
figure 11 to utilize the commonality indices during product family redesign, and descriptions of
each step follow. Additionally, specific recommendations are given to decrease the sensitivity
to the noise input and to increase the repeatability of these commonality indices.

5.1 Step 1: define the company’s perspective when redesigning a product family

Depending on the strategy of the company, the focus can be on the common components,
the common connections, their number, their costs, and so on. From that, the most relevant
commonality indices can be chosen based on table 8.

Phase I = Focus on the number of components -> DCI, TCCI
Definition of the = Focus on the non-differentiating components -> PCI
company's perspective = Focus on the number of common components, connections and assembly -> %C
when redesigning a = Focus on the cost of the components > CI©

product family "\/] /k
P
e Materials\_ No

available for all >————— Dissect the products
the products in
Phase Il the family? / S
DCl and TCCI y/ Analyze the parts
computation (common, variant,
Yes unique)

Compute the DCIl and TCCI

y y e
Analyze the Analvzethe Is the cost
manufacturing y‘ of each No| Estimate the costs
processes and coapecions snd component of the components
Phase Il . the assembly ihi=ta=sembly available?
PCI, %C and CI(©)
computation -
Yes
Compute the PCI °°m&""ce it ‘ Compute the GI®)
\/ 1 I i |

v
Phase IV . z
Redesign | Redesign the product family ‘

Figure 11. Proposed methodology for product family redesign.
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Table 8. Relationship between commonality index and product family design strategy.

Strategy DCI TCCI cl PCI %C CI©

Focus on the number of common components X X X
Focus on the non-differentiating components X
Focus on the number of common components,
common connections, and assembly X
Focus on the cost of the components X

5.2 Step 2: compute the TCCI and the DCI

Rather than limit the computation to one index, the TCCI and DCI can first be computed as
they give an initial idea of how good the design of the family is. The parts strongly affecting
the commonality can be redesigned at this stage. A bill of materials of the parts in each product
of the family is required to compute the TCCI and the DCI; otherwise, a thorough dissection
of the products is needed. Moreover, the fixed boundaries for the TCCI allow comparisons to
be made between designs.

5.3 Step 3: compute more ‘specific’ indices depending on the strategy of the company

Based on the perspective of the company (defined in step 1), the %C, the PCI, and/or the C1©©
should then be computed.

5.4 Step 4: redesign the family based on the selected index

The indices can give useful information on how to redesign the products in the family to
improve commonality. For example, the %C analyses each product within the family, and it
is easy to see which products or components lack commonality and why. The commonality
index can be recomputed after the products in the family are redesigned to determine the extent
to which commonality has been improved.

5.5 Recommendations to decrease sensitivity to noise

Both indices studied (PCI and CI©) are robust indices, and their values are hardly affected
by the input noise; that is, the indices are insensitive to the variations that can be engendered
when they are computed by different users. Hence, these indices can be used as a benchmark
when improving the design of a product family or when comparing two families. For the PCI,
the factors that have the most influence can be identified (the one corresponding to a high n,
and different from 1). By carefully choosing the values for theses factors when computing the
PCI, these variations can be minimized.

5.6 Recommendations to increase the repeatability

The variations between the computations can be divided into variations introduced during
dissection and during computation. Suggestions for minimizing both types of variation follow.

e During dissection, the same level of dissection should be applied, and specific rules should
be given to follow. For example, a part can be considered as one component if it is made of
one material. For the parts that can be hardly dissected, precise rules should also be given,
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such as ‘the electronic printed circuit boards are always considered as one component’.
Moreover, a detailed list of the parts to skip from the analysis should be given (e.g. screws,
etc.).

e During computation, specific definitions should also be given for the different factors, and
these rules should be systematically utilized. For example, for the PCI, a list of possible
assembly and fastening schemes should be established for the factor f; (assembly and
fastening schemes). By creating specific rules, the repeatability of the indices can be greatly
improved, and they can be used with more accuracy when designing or redesigning a product
family.

6. Closing remarks and future work

In this paper, six commonality indices—DCI, TCCI, PCI, %C, Cl, and CI‘© —were reviewed
and computed for nine different families of products that were dissected and analysed. Compar-
isons between the indices were also made. From these multiple comparisons, a methodology
was proposed to use the commonality indices during product family redesign. Recommenda-
tions were also given to increase the repeatability and to decrease the sensitivity of the indices
to noise. Implementing this framework could result in improving the design of a product family
and decreasing the development costs dramatically.

Based upon the current research, there are many avenues for further research. First, the
accuracy of the commonality indices has not been evaluated. It is difficult to measure accuracy
as there is no ‘true’ benchmark, and commonality depends heavily upon one’s perspective
(e.g. is commonality more important from a structural, functional, or assembly perspective?).
Research can be carried out regarding the accuracy of the commonality indices based on
different perspectives. Moreover, this study was limited to the analysis of six component-
based commonality indices; additional indices such as the Generational Variety Index (Martin
and Ishii 2002) could be included in the future. Finally, none of these commonality indices
take quality into consideration; future research should examine how commonality impacts
product quality.
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