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Abstract

Office operations play a significant role in organizational performance; however, their contribution to competitive advantage
has not adequately been addressed in the literature. In this study, we develop a methodology for designing an efficient office
operation using axiomatic design principles. Axiomatic design allows the use of well-understood patterns of all necessary
information when formalizing design objectives. We use these principles to design office cells, and claim that this methodology
will improve office operations and contribute to business competitiveness through a reduction in customer lead time. We provide
a detailed description of the methodology applied to office cell design, which consists of cell formation and operation, as well as
the results of a real-world implementation. Our findings indicate that the methodology works well in improving office operations
because it eliminates many non-value-added activities.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

One of the reasons that firms take a long time to
respond to customer inquires can be attributed to the
lead time related to office operations. In manufac-
turing firms, office lead time, i.e., the time between
receiving an order and releasing it to the shop floor, con-
tributes to more than 50 percent of the total customer
lead time [1]. In service firms, studies show that approx-
imately 98 percent of customer lead time consists of
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non-value-added activities [2,3]. Therefore, if such ac-
tivities were eliminated, customer lead time could be
reduced, considerably.

One method of addressing this problem would be
to develop cellular office layouts [1,4] which we refer
to as team-based office cells or office cells, for short,
throughout this paper. Single-operator office cells are
not considered in this paper. Office cells can improve
performance by facilitating better communication and
control similar to that found in manufacturing cells. In
other words, office cells provide a good foundation for
teamwork, and provide better communication and con-
trol because team members are located in close prox-
imity to each other.

Swank [5] describes how to implement lean produc-
tion principles at the Pilot Financial Service Company
and explains the benefits in detail, specifically using a

http://www.elsevier.com/locate/omega
mailto:durmusoglum@itu.edu.tr
mailto:okulak@pamukkale.edu.tr


634 M.B. Durmusoglu, O. Kulak / Omega 36 (2008) 633–652

model office cell. Although lean production principles
are usually applied as a manufacturing concept, this
study shows that lean tools can be successfully adapted
for service industries. Tapping and Shuker [6] present
the practitioners how to apply the value stream man-
agement (VSM) process to administrative work. In this
work, the application of lean management principles to
a value stream is defined as VSM and the explanations
of the eight steps of VSM for a complete system of lean
office are given.

Hyer and Wemmerlöv [7] focus on the basics of of-
fice cells—what they are, what benefits they produce,
and how you create them. An eight step process for de-
signing office cells is also presented within the context
of this study. In their other study, Hyer and Wemmer-
löv [4] offer a methodology to perform the design steps
of office cells effectively. In addition, the process im-
provement tips and 14 principles needed to create and
operate office cells are described in detail. Suri [1] de-
velops quick response office cell design (Q-ROC) ap-
proach which is mainly focused on reducing lead time.
The author explains the principles and tools that can
assist with the initial analysis, design and eventual im-
plementation of a Q-ROC.

Axiomatic design (AD) is a tool that is particularly
suited to the design problem because it addresses how to
handle cross-functional issues in designing office cells.
Many AD applications in designing products, systems,
organizations, and software have appeared in the liter-
ature in the last decade. AD theory and principles were
introduced for the first time by Suh [8]. Kim et al. [9]
apply AD principles to software design. AD principles
are also used in quality system design [10] and general
system design [11,12]. Suh et al. [13] provide a man-
ufacturing system design methodology using AD prin-
ciples. Then this methodology is improved by Cochran
et al. [14]. Kulak et al. [15] develop a road map for the
design of cellular manufacturing systems using the in-
dependence axiom. Fuzzy information axiom for multi
attribute decision making module is developed and ap-
plied to the selection of material handling equipments
[16] and the selection of punching machines in a manu-
facturing system [17]. In addition, AD principles are ap-
plied in designing flexible manufacturing systems [18].
Other applications of AD include process and prod-
uct development [19]. These studies have convincingly
shown the applicability and benefits of AD in solving
industrial problems.

This study develops a road map using the indepen-
dence axiom in order to design office cells effectively.
The road map provides a decomposition of broad de-
sign objectives into smaller supporting objectives that

are then linked to specific design parameters for framing
office cells. In other words, this methodology creates
the decomposition process that enables a clear formula-
tion of design objectives. The remainder of this paper is
organized as follows. The next section provides a brief
definition of office cells and their benefits. In Section
3, the basic concept of axiomatic design principles is
introduced. A methodology applying cellular thinking
to design and run office cells is presented in Section 4.
The office cells created in the study are implemented
in a loyalty-marketing group of companies and given in
Section 5. The final section contains the future research.

2. Office cells and their benefits

A cell is a small organizational unit within a produc-
tion system that is designed to exploit similarities in
processing information, making products, and serving
customers [4]. A small group of people and equipment
are closely located within a cell to perform interrelated
tasks of a product, a service or a project [20]. Such a
structure can simplify a complex production system by
dividing it into effective and controllable smaller units.
Since the production system consists of these smaller
units or cells, the properties of the cells, such as ability
and efficiency, are reflected to the whole system with-
out loss.

As a result, cells ensure decentralization. A classi-
cal manufacturing system (i.e., a job shop) is a func-
tionally organized system. In the machine shop area
of such a manufacturing system, milling machines are
grouped separately from lathes. The production system,
which services this job shop, is also organized function-
ally [21]. All personnel involved in process planning,
production planning, purchasing, quality, and budget-
ing are located in different areas. Walls usually separate
these people in their functional areas from all other ar-
eas. Breakdowns in communication links are common.
Therefore, this centralized organization does not fit well
with teams and employee-involvement approaches. It
often inhibits total-quality approaches [22]. However, it
is generally preferred because of its ease of design. It
concentrates expertise in the same area and provides,
theoretically, better personnel and equipment utiliza-
tion.

Building manufacturing cells within a manufactur-
ing system alone will not be sufficient to integrate the
manufacturing system into a production system. In such
an organizational structure, manufacturing lead time
can be shortened, but many non-value-added activi-
ties may still exist in the system, which may not yield
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sufficient reduction in overall customer lead time. As
mentioned before, office lead time is more than half the
total lead time in a manufacturing company [1]. There-
fore, a decentralized organizational structure for office
operations, which plays a substantial role in the perfor-
mance of a system, should be built to shorten total lead
time. For this reason, people from different production
areas leave their functional structure and become a team,
thus creating the office cell for a product, a service or
a project family.

3. Principles of axiomatic design

Design is the interplay between what we want to
achieve and how we want to achieve it [19]. The pre-
cise description of “what we want to achieve” is a dif-
ficult task for designers. Many designers often begin
working on design solutions before they have clearly
defined goals. They also try to measure success by com-
paring their design with design goals that may not be
established through customers’ needs. Therefore, they
spend a great deal of time on improving and iterating
the design. In order to generate an efficient design, the
designer must begin the design process by stating the
goals in terms of “what we want to achieve” in light
of customer’s needs. The AD approach provides a new
search process using these iterations between “what”
and “how.”

The most important concept in axiomatic design is
the existence of design axioms. The first design axiom is
known as the independence axiom (IA), and the second
axiom is known as the information axiom. They are
defined as follows [8]:

Axiom 1—The independence axiom: Maintain the
independence of functional requirements.

Axiom 2—The information axiom: Minimize the in-
formation content.

The IA states that the independence of functional re-
quirements (FRs) must always be maintained, where
FRs are defined as the minimum set of independent re-
quirements that characterizes the design goals. Design
parameters (DPs), which are the key variables, are cho-
sen to satisfy the specified FRs throughout the design
process. The information axiom states that the design
with the smallest information content among those sat-
isfying the first axiom is the best design [19]. The sec-
ond axiom is not considered in this paper.

Zigzagging to decompose FRs and DPs and to cre-
ate their hierarchies is an important part of axiomatic
design. In order to zigzag between domains, designer

Fig. 1. Zigzagging to decompose FRs and DPs.

starts out in the “what” domain and goes to the “how”
domain. From an FR in the functional domain, we go to
the physical domain to conceptualize a design and de-
termine its corresponding DP at the highest level. Then
we come back to functional domain to create FR1, FR2
and FR3 at the next level that collectively satisfies the
highest level FR. Then we go to the physical domain to
find DP1, DP2 and DP3 by conceptualizing a design at
this level, which satisfies FRs. The decomposition pro-
cess is proceeded layer by layer until the design reaches
the final stage, creating a design that can be fully im-
plemented [19]. This process is illustrated in Fig. 1.

At each level of decomposition, the independence of
the FRs must be maintained using the design matrix
(DM). Mathematically, the relationship between the FRs
and DPs is expressed as

{FR} = [A]{DP}. (1)

Here {FR} is the FR vector, {DP} is the design param-
eter vector, and [A] is the DM that characterizes the
design.

In general, each entry aij of A relates the ith FR to
the j th DP.

The structure of [A] matrix defines the type of de-
sign being considered [19]. In order to satisfy the in-
dependence axiom, [A] matrix should be an uncoupled
or decoupled design. [A] matrix is classified into three
categories as defined below:

Uncoupled design (most preferred): In this design,
the [A] matrix is a diagonal matrix indicating the inde-
pendence of FR–DP pairs. Therefore, each FR can be
satisfied by simply considering the corresponding DP.
Decoupled design (second choice): in this design the
corresponding [A] matrix is triangular. Therefore, the
FRs can be answered systematically FR1 to FRn by only
considering the first n DPs. This design appears most
frequently in real life. Coupled design (undesirable):
in this design the [A] matrix has no special structure.
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Fig. 2. Conversion from the coupled design to the decoupled design.

Therefore, a change in any DP may influence all FRs si-
multaneously. In designing systems with AD principles,
the coupled design is avoided as much as possible.

The realization of uncoupled designs is rarely possi-
ble in the design world. However, coupled designs are
abundant, primarily due to the interaction between FRs.
Coupled designs lead to complex structures. The process
of developing coupled designs results in more repeti-
tive tasks and/or inefficient design structure. As shown
in Fig. 2, the negative effect of a coupled design can be
eliminated by converting it to a decoupled design. The
coupled DM of Fig. 2(a) is based on Eq. (1) as{FR1

FR2
FR3

}
=

[
X X

X X

X

]
∗

{DP1
DP2
DP3

}
. (2)

The decoupled design of the coupled design is shown
in Fig. 2(b). The decoupled DM of Fig. 2(b) is given as{FR3

FR2
FR1

}
=

[
X

X X

X X

]
∗

{DP3
DP2
DP1

}
. (3)

Notice that this matrix is triangular and all upper trian-
gular elements are equal to zero.

For example, the design of an efficient production
control system of a factory having an inefficient ma-
chine layout is a coupled design. In order to convert it
to a decoupled design, an efficient machine layout is
designed first [15].

The arrow represents a strong relationship between
the corresponding FR–DP pair. The details of AD prin-
ciples and applications can be found in Ref. [19].

4. Design of office cells using AD principles

4.1. Preliminary design stage

At this stage, the following are performed: deter-
mining a project team leader and team members, en-
suring people involvement, analyzing the current sys-
tem, and determining a conversion strategy to office
cells. Since office cell design is a large undertaking, a

well-motivated project team with a sufficient level of
commitment to the project and a good relationship with
the project client are key determinants of the project’s
success. In order to enhance peoples’ involvement, re-
lated training courses are needed. Naturally, training
will also be continued in small groups or one-on-one
throughout the life cycle of the project. Current system
analysis provides an essential database for the project.
Process value analysis (PVA) [23] and value stream
mapping [6] are proposed for the current system anal-
ysis. PVA identifies all resource-consuming activities
involved in manufacturing a product or serving a cus-
tomer, and labels these activities as being either value-
added or non-value-added in nature. Value stream map-
ping, which is the newest version of PVA, is the visual
representation of the material and information flow of
a specific product family.

The strategy of conversion to office cells may involve
the entire office or it may be the creation of one pilot
cell. The proper strategy, based on the current condition
of the office, will influence the project’s success.

After the preliminary design stage, the following
methodology based on AD principles is applied.

Step 1: Choose FRs in the functional domain
The first step in designing office cells is to define the

FRs of the system at the highest level of its hierarchy in
the functional domain. In this work, the following has
been selected as the highest FR:

FR1 = increase/improve organizational performance.

Organizational performance is greatly influenced by or-
ganizational structure. If the organizational structure is
divided by production functions, this causes the number
of non-value-added activities, and hence the lead times
and their variances, to increase. Therefore, changing
the current structure to a customer-oriented structure is
required in order to improve the performance metrics,
such as response time to customers, costs, and service
qualities.

Step 2: Map FRs in the physical domain
DPs, which satisfy the FRs established in the previ-

ous step, are selected through a mapping process be-
tween the functional domain and the physical domain.
In order to make the correct DP selection, the DP set
corresponding to the FR set established previously must
be exhaustively generated. The following DP has been
selected to satisfy the FR provided above:

DP1 = office cell design.

In order to eliminate non-value-adding activities and de-
crease lead times and their variances, an organizational
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Fig. 3. The decomposition of FR1–DP1.

structure arranged by office cells is needed. Office cells
provide a good foundation of teamwork; therefore, their
design is a focal point for improvement.

Step 3: Decompose FR in the functional domain—
zigzag between domains

If the DPs proposed for satisfying those FRs defined
in the steps above cannot be implemented without fur-
ther clarification, AD principles recommend returning
to the functional domain for decomposing the FRs into
their lower FRs set. The following lower FRs set is
defined for decomposing the FR determined in Step 1
above (see Fig. 3):

FR11 = divide products/services/projects to sim-
plify information flows.

FR12 = provide information deliverables for prod-
uct/service/project families.

FR13 = provide office layout to reduce waste in
office operations.

FR14 = reduce deviations from customer-oriented
targets.

Step 4: Find corresponding DPs by mapping FRs in
the physical domain

In satisfying the four FRs defined above, we move
from the functional domain to the physical domain. The
following DPs are in response to the FRs listed above:

DP11 = product/service/project families forma-
tion procedure.

DP12 = team members’ selection and skill devel-
opment procedure.

DP13 = product/service/project focused layout.

DP14 = effective management model.

Step 5: Determine design matrix
Once the FR–DP sets are defined in Steps 3 and 4, the

corresponding DM provides the relationships between
the FR and DP elements. It is important to ensure that
the DM, as established, satisfies the IA of the AD prin-
ciples. If the DM matrix is uncoupled or decoupled, it
satisfies the IA of the AD principles [8]. The design
equation and the DM corresponding to the FR–DP sets
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are defined in Eq. (4).

⎡
⎢⎣

FR11
FR12
FR13
FR14

⎤
⎥⎦ =

⎡
⎢⎣

X

X X

X X X

X X X X

⎤
⎥⎦ ∗

⎡
⎢⎣

DP11
DP12
DP13
DP14

⎤
⎥⎦ . (4)

The design given in Eq. (4) is a decoupled design and
satisfies the IA. In the matrix above, the symbol X rep-
resents a strong relationship between the corresponding
FR–DP pair.

In order to simplify information flow and the design
of office cells, families of products/services/projects
are determined first (family formation). According to
these families, team members are selected and skill-
development planning for team members is performed
(team building). The next step is the physical layout of
cells (office layout). The last step is the development
of an effective management model for cells to convert
from team members to a real team, which is capable of
achieving stretch goals [20] (management model).

Step 6: Decompose FR11, FR12, FR13, and FR14 by
returning to functional from the physical domain and
determining corresponding DPs

4.2. Family formation process (FR11–DP11)

The determination of product/service/project families
is very important in designing an effective office cell.
Customers, production functions and workload criteria
are used to determine families. Therefore, the rela-
tionship matrix, including products/services/projects,
production functions and customers is prepared first.
Information and data workloads are entered into the
matrix. Using this matrix, Pareto analysis (ABC anal-
ysis) for products/services/projects is performed. Since
Pareto analysis is a tool for separating the vital few
from trivial many, it is used for deciding which of sev-
eral products/services/projects to analyze first in terms
of workloads. Based on ABC classification, “A” class
products/services/projects are selected and each of
these products/services/projects is a candidate for form-
ing families. Then the others classified as “B” and “C”
are assigned to the candidate products/services/projects
considering the similarity criteria which are the pro-
duction function and/or customer similarities. These
similarities are used for that products/services/projects
required by same and/or similar customer and produc-
tion functions are assigned to the same family. At the
end, the workload capacity constraint for each candi-
date family is considered and the final decision is made
on family formation. The workload capacity constraint

depends on the workload driven from the maximum
assignable team members.

The decomposition of FR11 and DP11 is described
below depicted in Fig. 4, and its mathematical repre-
sentation is presented in Eq. (5).

FR111 = determine relations between the func-
tions of producing products/services/projects and
customers.

FR112 = arrange and classify products/services or
projects according to high workloads of informa-
tion and data processing.

FR113 = cluster products/services or projects
based on similarity criterion/criteria.

FR114 = decide on the final families of prod-
ucts/services/projects.

The corresponding DPs may be stated as follows:

DP111 = products/services/projects—production
functions—customers’ relationship matrix.

DP112 = information and data workload Pareto
analysis.

DP113 = convenient clustering method based on
relationship matrix.

DP114 = appropriateness analysis according to
workload capacity.

The design matrix for the above set of FRs and DPs are⎡
⎢⎣

FR111
FR112
FR113
FR114

⎤
⎥⎦ =

⎡
⎢⎣

X

X X

X X X

X X X X

⎤
⎥⎦ ∗

⎡
⎢⎣

DP111
DP112
DP113
DP114

⎤
⎥⎦ . (5)

4.3. Team building process (FR12–DP12)

After fixing the families, the selection of those team
members who will process the information and the plan-
ning of their skill development are determined accord-
ing to the specifications of the families. Therefore, the
procedures of member selection are formed first. Then
the skill development procedure is prepared to ensure
maximum utilization of team members’ talents.

The decomposition of FR12 and DP12 is described
below depicted in Fig. 5, and its mathematical repre-
sentation is presented in Eq. (6).
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Fig. 4. The decomposition of FR11–DP11 (family formation).

Fig. 5. The decomposition of FR12–DP12 (team building).
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Fig. 6. The decomposition of FR121–DP121 (selection procedure of team members).

FR121 = determine the skills suitable for the spec-
ifications of product/services/project families.

FR122 = ensure maximum utilization of team
members’ talents.

The corresponding DPs may be stated as follows:

DP121 = selection procedure of team members.

DP122 = skill development procedure.

The design matrix for the above set of FRs and DPs is[
FR121
FR122

]
=

[
X

X X

]
∗

[
DP121
DP122

]
. (6)

In the preliminary design stage with the aid of process
value analysis, non-value-added activities are identi-
fied, and action plans are determined. The next step
is to eliminate these non-value-added activities using
the action plans. Thus, the skills matrix [24] between
the production functions in relation to the lean process
and candidate team members is prepared. Through
the skills matrix, candidate leaders are determined by

taking into consideration the characteristics expected
from a leader. An appropriate leader is chosen among
the candidates based on the scores calculated for the
characteristics. The state of member candidates in the
skills matrix and chosen leader requests are taken into
consideration when assigning the initial members into
the cell. The initial members and the leader deter-
mine the production functions to be performed within
cells and, therefore, the level of support services to be
used considering desired service quality and economic
criteria [25]. Final team members’ assignments are ac-
complished based on the production functions and their
workloads within the cell.

The decomposition of FR121 and DP121 is described
below depicted in Fig. 6, and its mathematical repre-
sentation is presented in Eq. (7).

FR1211 = eliminate non-value-added activities in
the process, which covers relevant functions.

FR1212 = determine skill levels of employees for
relevant functions.

FR1213 = determine skills and leader required for
management of the cell.
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FR1214 = perform member assignments to meet
required functions for the family.

FR1215 = determine functional scope according
to the criteria of the quality of service and eco-
nomics.

FR1216 = perform final member assignments ac-
cording to functional scope and workload for the
family.

The corresponding DPs may be stated as follows:

DP1211 = simplified and lean process using pro-
cess value analysis.

DP1212 = candidate employees—functional skills
matrix.

DP1213 = candidate employees—characteristics
score matrix for selection of cell leader.

DP1214 = initial member assignment plan accord-
ing to skill levels and leader’s request criteria.

DP1215 = determined production functions per-
formed within cells.

DP1216 = final member assignment plan.

The DM for the above set of FRs and DPs is

⎡
⎢⎢⎢⎢⎢⎣

FR1211
FR1212
FR1213
FR1214
FR1215
FR1216

⎤
⎥⎥⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎢⎢⎣

X

X X

X X X

X X X X

X X X X X

X X X X X X

⎤
⎥⎥⎥⎥⎥⎦

∗

⎡
⎢⎢⎢⎢⎢⎣

DP1211
DP1212
DP1213
DP1214
DP1215
DP1216

⎤
⎥⎥⎥⎥⎥⎦ . (7)

After determining team members, the maximum utiliza-
tion of team members’ talents must be ensured. There-
fore, members’ training needs are determined, and a
training plan is designed to meet these needs. In addi-
tion, this plan should be extended to continuously main-
tain skill development.

The decomposition of FR122 and DP122 is described
below depicted in Fig. 7, and its mathematical repre-
sentation is presented in Eq. (8).

FR1221 = determine training needs.

FR1222 = provide continuous skill development
environment.

The corresponding DPs may be stated as follows:

DP1221 = team members-training issues relation
matrix.

DP1222 = training plan schedule.

The DM for the above set of FRs and DPs is[
FR1221
FR1222

]
=

[
X

X X

]
∗

[
DP1221
DP1222

]
. (8)

4.4. Office layout (FR13–DP13)

The closeness of team members is a major factor
in obtaining high performance [1]. For that reason, the
equipment needed by team members is placed in the
same office area as a cell. In the functional organization,
information generally flows from more than one depart-
ment. Since this situation makes communication, coop-
eration and coordination difficult, lead time increases
dramatically. According to the office cell layout, non-
value-added activities are reduced, thereby shortening
lead times. In these cells, communication and control,
using computers, sending e-mail, waiting for necessary
items, and consuming overhead are no longer a major
part of operations. Since people are located close to-
gether as a team, they are able to provide communica-
tion and control to perform the integrated functions by
simply talking to each other. Communication and con-
trol are built into the process design. The arrangement
of a cell’s visual display board provides visual commu-
nication and control for both the cell and the company.
A computer is a valuable tool for individual communi-
cation but not for group communication—it lacks pub-
lic interface. A visual display board provides groups of
people with knowing, seeing, and acting abilities as a
team [26]. Each display board is updated by team mem-
bers and shows the name of the cell, mission, vision,
cell performance indicators, performance targets, action
plans, etc.

The decomposition of FR13 and DP13 is described
below depicted in Fig. 8, and its mathematical repre-
sentation is presented in Eq. (9).
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Fig. 7. Decomposition of FR122–DP122 (skill development procedure).

FR131 = reduce waste encountered as the result
of difficulties in communication, cooperation, and
coordination.

FR132 = reduce waste encountered due to lack of
visual communication and control.

The corresponding DPs may be stated as follows:

DP131 = office layout according to information
flow.

DP132 = convenient arrangement of cell’s visual
display board.

The DM for the above set of FRs and DPs is[
FR131
FR132

]
=

[
X

X X

]
∗

[
DP131
DP132

]
. (9)

4.5. Management model (FR14–DP14)

In previous steps, office cell formation and loca-
tion are accomplished. The design of an effective

management model is required at this stage in order to
reduce deviation from the customer-oriented targets. For
that reason, creation of team culture and implementation
of the Hoshin Kanri approach [27] are proposed. Team
culture must be acquired in order to increase members’
abilities for working together. Then the Hoshin Kanri
approach is established to achieve continuous improve-
ment [28]. Hoshin Kanri differs most radically from
“management by objective (MOB).” While information
flows in one direction (top down) in MOB, the Hoshin
Kanri approach uses two directions (top down and bot-
tom up). Therefore, using the bottom-up approach in
Hoshin Kanri, team members determine team perfor-
mance indicators, targets (goals), and action plans di-
rected to the targets. As a result, Hoshin Kanri helps
team focus efforts and achieves results.

The decomposition of FR14 and DP14 is described
below depicted in Fig. 9, and its mathematical repre-
sentation is presented in Eq. (10).

FR141 = increase the ability to work together
within a cell.

FR142 = achieve continuous improvement.
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Fig. 8. The decomposition of FR13–DP13 (office layout).

The corresponding DPs may be stated as follows:

DP141 = team culture.

DP142 = Hoshin Kanri.

The DM for the above set of FRs and DPs is[
FR141
FR142

]
=

[
X

X X

]
∗

[
DP141
DP142

]
. (10)

The mission of a cell is the reason for its existence.
The mission stimulates team members for positive
changes; however, it does not change itself. For ex-
ample, NASA’s overall mission is to conquer space
[29]. It can be explained with more than one statement.
However, it should be simple, easy to understand, and
easy to remember. Team members determine their mis-
sion, which should be the foundation of eagerness for
their activities. Only one work statement per cell that
is convenient to the mission is determined. Ideally, all
processes/functions are expected to be understood and
performed by each team member based on the rotation
principle. However, the amount of cross-training and

job rotation depends on the cell’s objectives, the capa-
bility of the workforce, and the nature of the technical
work itself [4].

In addition, teamwork values should be determined
and identified by each team member in order to help
establish team culture. Teamwork values are also eval-
uated and modified by teams as necessary.

The decomposition of FR141 and DP141 is described
below depicted in Fig. 10, and its mathematical repre-
sentation is presented in Eq. (11).

FR1411 = establish clear scope in the direction of
the cell’s goal.

FR1412 = provide working environment for
teams.

The corresponding DPs may be stated as follows:

DP1411 = work statement convenient to the mis-
sion of the team.

DP1412 = teamwork values.
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Fig. 9. The decomposition of FR14–DP14 (management model).

Fig. 10. The decomposition of FR141–DP141 (team culture).

The DM for the above set of FRs and DPs is[
FR1411
FR1412

]
=

[
X
X X

]
∗

[
DP1411
DP1412

]
. (11)

In order to achieve continuous improvement of the
cell, team members determine cell performance indica-
tors and targets at the scope of Hoshin Kanri. Then a
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goal-based incentive system is built to increase motiva-
tion [30]. Within the content of goal-based incentive sys-
tem, group-based incentive system is suggested besides
individual one. Monetary and/or non-monetary types of
rewards are determined based on the goals. Since in-
creasing cell flexibility is very important to attain deter-
mined targets, an action plan is prepared based on the
skills matrix in order to increase the multi-functional
quality of team members. In contrast with the central
organization (where major functions are accomplished
in different departments), team members have to per-
form multiple (or all) functions within the cell. Multi-
functional quality of team members is defined here as
cell flexibility and measured by multi-functional rate
using red apple approach [24]. Following this is the
focus on eliminating the non-value-added activities in
order to reduce lead times. Eliminating the non-value-
added activities can be expanded further; however, this
will not be covered here. The transfer cost of prod-
ucts/services/projects is yet another important issue on
which to focus in order to reduce deviation of the cell
budget. Lead-time reduction aids in the reduction of
transfer cost of a product/service/project, defined here
as the portion of the cost incurred within the cell, which
is allocated to that specific product/service/project. This
portion is transferred to the customer (or the customer
cell) as a transfer cost.

The decomposition of FR142 and DP142 is described
below depicted in Fig. 11, and its mathematical repre-
sentation is presented in Eq. (12).

FR1421 = provide a means to increase moti-
vation.

FR1422 = provide a means to increase flexibility
within a cell.

FR1423 = reduce non-value-added activities.

FR1424 = reduce deviations of cell budget.

The corresponding DPs may be stated as follows:

DP1421 = incentive system convenient to deter-
mined targets.

DP1422 = increased multi-functional rate.

DP1423 = reduced lead times.

DP1424 = reduced product/service/project trans-
fer cost.

The DM for the above set of FRs and DPs is⎡
⎢⎣

FR1421
FR1422
FR1423
FR1424

⎤
⎥⎦ =

⎡
⎢⎣

X

X X

X X X

X X X X

⎤
⎥⎦ ∗

⎡
⎢⎣

DP1421
DP1422
DP1423
DP1424

⎤
⎥⎦ . (12)

So far, the design of the office cell is completed (see
Fig. 12). A complete DM for office cells is prepared
in order to assure that leaf-level design decisions are
consistent. As shown in Fig. 13, inconsistent relations
do not exist between leaf-level DPs and FRs.

In addition, cell monitoring and performance de-
velopment are issues that should be considered for
continuous improvement. Therefore, the performance
development procedure has been prepared according
to AD principles; however, it has not been included in
this paper.

5. Implementation of office cells

This developed road map was used in a loyalty-
marketing group of companies for office cell designs.
Loyalty projects are usually performed for banks and
communication companies. These companies require
organizing a significant loyalty system for promotion
of the end users in order to increase the usage of their
credit cards and the GSM operating system. Loyalty
projects usually contain campaigns in a manner of ac-
cumulation points based on end users’ expenses and
selection of gifts according to points or points plus
credits given. The group of companies serving on this
project implements the following functions:

• Determines the gifts as products.
• Selects and manages the suppliers for determined

products and services.
• Establishes creative works, publishing, and delivering

the gift catalogues.
• Receives and processes demands of the end users,

based on the points earned proportional to the level
of usage.

• Stores products in the warehouse.
• Repackages products as gifts and ships them to the

end users.
• Organizes and provides travel services as gifts, such

as flight tickets and vacations.

The group consists of four companies, which are below-
the-line advertising, direct marketing, knowledge-
management, and import-distribution companies.
Below-the-line advertising and direct marketing
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Fig. 11. The decomposition of FR142–DP142 (Hoshin Kanri).

Fig. 12. The decomposition of office cell design.
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Fig. 13. A complete design matrix for office cells.

companies aim to manage the campaigns for banks and
GSM companies. The knowledge-management com-
panies provide information technology and consulting.
For each company, solutions based on the databases
of campaigns are developed, and current marketing
and advertising services in the information technology
environment are implemented. The import-distribution
company imports and markets all kinds of electrical
household appliances. Also, the last two companies are
suppliers for the first two companies. The effort for
designing office cells focused on 38 employees from
the below-the-line advertising and direct marketing
companies.

Loyalty projects are performed through four differ-
ent departments: project management, operations and
storage, creative studios, and travel services. Data entry
and reporting, purchasing, and storage and shipping are
sections within the operations and storage department
(Fig. 14).

Communication, cooperation, and coordination are
required among all departments in order to complete
the project. This situation causes non-value-added ac-
tivities to increase and lead times to lengthen, includ-
ing response times to customers. The idea of building
office cells based on teams is developed to overcome
these problems and to increase the quality of services.

In the preliminary design stage, activities explained
by the developed methodology were performed. PVA,
which is one of the suggested approaches for current
system analysis, was performed by the activity-based
costing project before the office cell project started.
Therefore, PVA was also used for the design of office
cells.

The pilot cell strategy was chosen for implementa-
tion. The project took 8 months before the planned pilot
cell (office cell 1) was realized. During the successful
testing period of 3 months, the other planned cells were
built simultaneously at the same location.
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Fig. 14. The organizational structure before cellular system.

5.1. Family formation process (FR11–DP11)

The formation of project families began following the
preliminary design stage, with the aim of simplification
of the information flow. Each of the customers was con-
sidered as a project. Firstly, ABC classification using
Pareto analysis was realized and three projects were
determined as candidate project families. Then other
eight projects were assigned to these candidate families
according to customer and production function similar-
ities.

The available number of staff and the maximum
assignable members to a cell were taken into consid-
eration for determining the number of office cells. The
number of team members was required not to exceed
eight, including team leaders. The team size was deter-
mined based on the business environment. The size of
team had to be large enough to enable team dynamics
and to allow a variety of ideas and skills, yet small
enough to enable cohesiveness of the team members
[31]. According to the maximum assignable number
of eight members, the maximum workload was deter-
mined and accepted as a capacity constraint. Finally
all the families were evaluated and one project was re-
assigned from the family with excess workload to the
convenient one in terms of workload. As a result, three

final project families containing three or four projects
were formed.

5.2. Team building process (FR12–DP12)

The procedures for selecting team members based on
project families and skill development were applied in
a similar manner as before. The skill matrix between
candidate team members and production functions were
initially built. As an example Fig. 15 shows a skill
matrix built for office cell 1. After cell management
skills were determined based on the skills matrices, cell
leader selection and initial members’ assignments were
performed. The selected team members determined the
functions performed within cells and the support ser-
vices (see Table 1). Based on the allocations of func-
tions, the redesigned organization based on office cells
is shown in Fig. 16. According to these allocations, the
final assignment of team members into cells was real-
ized by means of re-evaluating the proposed team mem-
bers. The organizational structures of office cells were
customer-oriented.

As shown in Fig. 16, a central purchasing depart-
ment was built as a common service department. Sev-
eral employees who were available from the purchasing
department formed this department in order to supply
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Fig. 15. The skills matrix of office cell-1. (The apple is divided into four portions. When the skill level is increased, one portion of apple
becomes red.)

Table 1
The functions performed within cells and the support services being
used

The functions included
in the cell

The functions excluded
from the cell

Project planning Acc. & Business adm.
Project control Creative
Order management Central purchasing
Invoicing Storage
Reporting Travel services
Data entry
Call center
Returns
Budgeting

common gifts belonging to more than one cell. Other
purchasing employees, prior to cellular structure, were
divided between cells. In other words, this approach
delegated most of the purchasing authority, except pur-
chasing common gifts, to the cells.

5.3. Office layout (FR13–DP13)

An office layout that was convenient for the structure
of office cells was determined. All cells were placed in
offices adjacent to each other. Team members and their
equipment were arranged according to the information
flow within the cell. As a result of cellular arrangement,
a 30 percent savings in the office area was obtained.
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Fig. 16. The organizational structure after cellular system.

In addition, a visual display board was arranged for each
cell. These boards facilitated visual communication and
control.

5.4. Management model (FR14–DP14)

This stage needed to ensure the continued effective-
ness of cells in operation. For this reason, the for-
mation of a team culture and a Hoshin Kanri culture
were started. Within the scope of each team, it was
ensured that team members determined their mission,
work statements, and teamwork values of their own
cells. At the first step of Hoshin Kanri, the cell perfor-
mance indicators and the performance targets were de-
termined. With respect to these plans, the action plans
were prepared for the targets determined.

During the six-month period after the pilot office cell
1 was built, improved activities were realized, and im-
proved performance values were attained, as shown in
Table 2. The lead time was reduced from five days to
three days after development of the office cell. Since
only one team was responsible for the customer order,
that team could focus on its customers. This caused the
end user satisfaction rate to increase from 75 to 85 per-
cent at call center telephones. A survey with 500 re-
spondents was conducted to measure these end user’s
satisfaction rates. Since team members were located in
close proximity to each other, they learned the others’

jobs and assisted in bottleneck tasks. Therefore, the team
member flexibility rate increased from 21 to 50 percent.
The flexibility rate here was introduced as the percent-
age of three and four red portions from the whole ap-
ple for all team members. The team members discussed
and decided their skill levels measured by the number
of red portions of their apples for each function within
the cell. To increase the multi-functional quality of team
members, an individual intensive system was built. The
reward types in a group-based incentive system were
also determined in Table 3, depending on the weighted
percentage of target performances achieved.

6. Conclusion

This paper presents a systematic road map for de-
signing office cells using axiomatic design principles.
This road map is used for reducing the non-value-added
activities in office functions and for obtaining consid-
erable simplicity and benefits toward building a lean
enterprise. An application of the independence axiom
was proposed throughout the design process to develop
a road map for office cells. Using this axiom, design
goals became explicit rather than implicit. Therefore,
during the office cell project, resistance of middle man-
agement decreased and people involvement increased.
This, of course, has helped effectively facilitating a de-
sign process that is customer satisfaction oriented.
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Table 2
Performance values of office cell-1

Performance indicators Performance before Target performance Performance
office cells after office cells

Time for creation of a project and development of its software 120 days 90 days 100 days
Lead timea 5 days 3 days 3 days
Return products rate 5% 2% 3%
Customer satisfaction rate at call center telephones 75% 90% 85%
The flexibility rate for team membersb 21% 75% 50%
Deviations from the budgets of the projects ±20% ±10% ±10%

aAverage time between the customers’ (end user) placement of orders and the delivery of the ordered gifts to a transport company.
bThe flexibility rate here is introduced as the percentage of three and four red portions from the whole apple for all team members.

Table 3
Team reward types

Team reward type Weighted percentage of target performances achieved (threshold value and upper)

70 75 80 85 90 95 or upper

Raising salaries
√

Premium
√

Bonus
√

Leaving of absence
√

Training
√

Gift
√

Recreation
√

The proposed procedure was implemented to meet
the requirements that arose from the outcomes of an
active project performed in a firm. The previous cen-
tralized organizational structure acted as a burden to
the firm’s communication and information flow among
several departments in resolving customer complaints.
There were high lead times and customer dissatisfac-
tion. However, implementation of the office cells and
decentralization of the organization enabled cooperation
of several functional departments in the solution pro-
cess and creation of continuous improvement resulting
from improved participation. Clear definition of respon-
sibilities also provided ownership and customer focus.
Since team members were located close to each other,
they could improve their skills by reciprocal interac-
tions and assist others in carrying out bottleneck tasks.
A significant improvement in team member flexibility
rate was observed.

The functional requirement and design parameter sets
in office cell design might change according to the de-
signer. Future research could involve a different design
developed by another designer that would be compared
to the presented road map using the information axiom.
Research for generating the information content of de-
sign matrices is in progress.
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