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ABSTRACT

This paper addresses the valuation of coefficidrasaffects the organizational structure desigdehon a make-
to-order (MTO) operation environment. A mathemadticadel was presented to aid an operations manager
MTO environment to select a set of potential managjéayers to minimize the operation and supeoristost.
This model examines the span of control (SOC) embénd provides a quantitative approach to thenmgaon
design problem and is intended for applications akesign tool in the make-to-order industries. Witlgiven
Work Breakdown Structure (WBS) for any specific jpod, solving this model leads to an optimal orgation
structure design. In order to solve this modeis ihecessary to determine the coefficients for riogdactors.
These factors consider allocation tasks to workiexduding complexity and compatibility of each kawith
respect to workers, and the requirement of manageroe planning, execution, training and control an
hierarchical organization. An implementation ofstimodel was made with a particular group of comgmni
resulting in the selection of a feasible span a@itia for this type of organizations.

Keywords: Span of control, Organizational Design, Hierarchidaganization, Assignment Problem, Make-to-
order

1. INTRODUCTION

This paper presents an analytical model for anadytiierarchical organizations. It considers vasiou
factors that affect the requirement for supervisama formulates them into an analytical model whaghs at
optimizing the organizational design. This decisiocludes allocation tasks to workers, considegogplexity
and compatibility of each task with respect to vesss and the requirement of management for planning
execution, training and control in a hierarchicedamization. The model is formulated as a 0-1 chikdeger
program. The objective of the model is minimumragienal cost, which is the sum of supervision s@dteach
level of the hierarchy and the number of workesgieed with tasks. This model addresses the spaantrol
(SOC) problem and provides a quantitative apprdacthe organization design problem and is intenfied
applications as a design tool in the make-to-omigustries. Each project-based company may hafreqoently
readjust its organizational structure, as its cdipaland capacity shifts over time. It could albe applied to
functionality based companies as an evaluation, tawlassess the optimality of their current orgatiin
structure.

The objective of this paper is to determine a mettwoquantify the factors that determine the aliioca
of jobs to workers (level 0), and those relatechwitipervising time, divided into the following facs: planning,
control, execution, and training. In order to ddsthhe level of importance between the factors twave
determined, and a quantitative range has to betiideh with which it is possible to make an objeeti
measurement that can be incorporated in solvingrifihematical model proposed. This part of thearebewas
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conducted through the study of the activities adpgte who have supervisory duties. For this purpdag were
collected from four different Information Syster)icompanies in the city of Chihuahua, Mexico.

2. Problem Description

This research focuses on a study of the organimtietructure design problem in the MTO operation
environment, aiming at developing a quantitativedelcand a practical solution for this problem. Thedel
considers all direct work planned for the operatioa planning horizon and managerial activitieguieed to run
the operation, including planning, training, cohtemd execution. The design process begins vatochposition
of each work into elemental work units (called O&)d assigning each OP to direct resources (maciride
worker required) in relevance to work complexitgsource competency (skill and proficiency), andirthe
compatibility. It then moves to organizing the uggd resources into groups, sections, and depatsn@rming
a hierarchical management structure. It assumek wam be decomposed into a hierarchy of standarsl GfP
which specifications, requirements and methods Hsen formalized for each OP type. It further asss
management effort for each managerial activity éasurable and is unique for each company, depedinge
experience and expertise it has and tools and igpodsit uses to run the operation.

Formally, the problem can be described as follotvsset J of jobs and a set o different processing
workstations are given. Each j@b) is described by its processing time for the taskbea completed, the skills
needed for the job, the level of each skill (factomplexity) and compatibility according to theanmhation given
to the workstations. The objective is to find a aetvorkstations (G) to schedule the jobs (J) inhsa way that
the utilization of each workstation could be maxed and to find the SOC needed for this Work Breakd
Structure (WBS) while maintaining the minimum costsupervision. The number of SOC formed depends up
the number of workstations (G) considered in artamse and also depends on the factors identified fo
supervision: planning, control, execution and fragn

3. Mathematical Formulation

Below is the mathematical model proposed for thgaoizational structure design problem for the MT@emation
environment and the parameters used in the matfehtmrmulation:

* Wy the unit cost coefficient for sectigrat leveln

pi: the processing time for jdbi « |

* I the capacity of the working groyg £ J

* oy the complexity factor when jabis assigned to group

* Py the planning factor for sectigrat leveln

* Gy the control factor for sectigmat leveln

» ty: the training factor for sectignat leveln

* &, the execution factor for sectipmt leveln

+ fy: the capacity of sectigrat leveln

* n;: the compatibility factor when jobis assigned to group

The decision variables used in this model arergbedow:

. o = { 1 ifjob is assigned to group | }
¥ 0 otherwise

. L { 1if group j with section p, at bottom level is occupied }
Yojea 0 otherwise

. L { 1 ifsection j with section p, at level nis occupied }
Ynjpn 0 otherwise

The mathematical formulation for the problem urstedy is presented below:
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Min Eﬁ:lzfﬂ_ Whj fi"!_i'}“ﬂ_i'p,: +E:?r=1}’n_i'pu (1 €J), (" €N) 1)

Subject to:

Ziz; =1 (Hi=1...m) (2)
ZiB; @2 /Mg = ToiVajp, (¥=1...n) 3)
X v Vojpe iy + € + b + o) <X Fs Vi, (Wi=1...m) (4)
Vojoa = Epl)“lpupi (%)
Zj famti¥nmtijons (B + 65 85+ 8) ZEj fis Vg, (H=1...m) (6)
Va-tjp_y = Lon Ynpr_spn . (@)
(2ij. ¥ojo, «¥njm, DINArY, (¥ €J), (M €1)). (8)

In this formulation the objective function (1) h&g elements: the direct cost of supervising amdrthmber
of working groups. Constraint (2) ensures each(gygeration type) is assigned to only one direcotairoup.
Constraint (3) ensures each direct labor groupatfaste capacity, all job assignments are limibgcthe capacity
of each labor group. Constraint (4) and (6) enstiregotal managerial work requirement of its chitdts cannot
exceed the finite capacity imposed on the pareint @onstraint (5) and (7) ensures that each almit must have
a parent unit. The constraint sets (8) impose thary restrictions on the decision variabies vy, and ;.
respectively. A commercial software system, LING&3s used to help validate the proposed binary émteg
model, study its behavior, and explore its compenad limits. Extensive experiments were condudtedalidate
the model with practical problems and evaluate ithpact of changing the complexity and compatibility
parameters at level 0 and managerial-related paeasnf®r planning, training, execution, and congtolhe higher
levels (Mena & Chen, In Editing (Online ISSN 194383&))

4. Complexity and compatibility factors (level 0)

The objectives pursued with the following method based in two points: (1) determining their erigti
workers’ OP-Types and skill levels, and (2) assigrthe workers to their complexity and compatipiféictors at
an appropriate level regarding the jobs. The metbodssessment of the complexity and compatibiifitstors at
level zero is based on the information of a jobppsed to the company which consists of the jmbdbe
completed, the OP-Type, and the level of dkélquired to complete each job). The theoreticahttation for this
method is based on the analysis of workers’ skalig] makes a comparison with respect to the skitjsired for
a particular job. The following figures show thest needed for this process. The proposed mogarimlly
built on the one developed by Depuy et al. (De[20@6).

On the left side (worker), the first step is tentify the skills (OP-Types) of the worker. Once th
different skills of each worker have been establisithe next step is to determine, based on teghtasts, the
level of each skill. On the right side (job), th®-Oype and required skills of each job are defiméekt step is to
determine the required skill level of each jobotder to assign a skill relationship between jahd workers, it is
necessary to design a skill relationship table. ther table, the first step is to determine how ynkavels are
required (e.g., novice, intermediate, expert), #renumerical relationship between the differemhlsmations
(e.g., novice-novice, novice-intermediate, novigpeat).
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Figure 2: Method for complexity factor

The compatibility factor, as shown in the followifigure, verifies the compatibility and then assiga
value to this factor updating the relationship lestwa job and a worker.
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Figure 3: Method for compatibility factor
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Some questions must be made regarding the coriipatibctor between worker and job assignments.
Compatibility values consider only close to 0 andnlsuch a way that the model assigns jobs to @rsrinly
when compatibility is equal to one. When compaitipik close to zero, the model assigns a verydangmber for
the processing time of that activity and does negign that activity to that individual worker. Theo-
compatibility factor is used when a worker doeshmte the appropriate level to perform a job. Tewult of this
method is the development of a model that provatesssignment of workers to jobs, such that the 8iills
gap is minimized.

5. Primary dimensions of supervision work (level 1 ta)

In this section, the objective is to constructiastrument for providing a measure of organizationa
factors (planning, execution, training, and contrdhis develops a more extensive model that assigikers to
supervisors, in such a way that the total costireduachieving all the jobs is minimized. From exaation of
the literature on Organization Theory (Meier & Be&h2003), (Theobald & Nicholson-Crotty, S., 200fLr
primary dimensions of supervision work were defing€ld planning, which is concerned with processdpict
standardization in the organization, initiationegaration, resource allocation, and schedulingc@¢®frol, which
is concerned with the extent to which good proje@nagement control is employed, such as monitoring,
coordinating, decision making, dissemination, dicpi@aag, and performance evaluation; (3) trainindnich is
concerned with effective training tools such asueng, coaching, guiding, and discussing in thganization;
and (4) execution, which is concerned mainly wité alignment of organization objectives, problertviag and
implementation. These definitions are going to tanglated into operational definitions, and devielgphe
methods and results of scaling the supervisor warkables. The theoretical foundation for this noetlis based
on the analysis of the relevant activities reldte@ach factor, and the identification of instrumseior measure.
This method is partially based on the work of Kidade al. (Khaled, 1995) for measuring organizationaturity.
The following figure shows the general steps:

Identify

Settin Identify L
. g - . relevant J . L Application
limits of — 1 s - = Instruments of > . .

- activities of and validation
tactors measure

each factor

Figure 4: Method for supervisor factors
5.1 Setting limits for the factors
In the model, if the sum of the factors (constiai 6) is equal to one, then that implies thaesusion
at level 1 requires the same quantity of time tthenworker at level 0. On the other hand, if thengsi less than

one, this implies that the supervision time reqliire less than the operating time of the groupretioee, a
supervisor can have more than one subordinateoamsin the following figure.

an]+c71j+tnj+ealj=1 anj'+crzj+tnj+erij<1

Figure 5: Impact of sum of factors in SOC

As shown in Figure 6, a method was developeddatify the boundary of each of the factors withie t
constraints indicated.
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Figure 6: Factors between level 8 1

The first step in the previous model includesdhalysis of each factor according to the type dbgiry.
Planning, control, execution, and training coulgendifferent meaning in different types of indussi In order to
know the importance level of each factor within twmpany, a survey with different questions regagddach
factor was designed. The survey was applied tsuglervisors and managers in the company and tbksregere
analyzed using statistical software (in order ttaobmean, standard deviation, and relevant paensjetf for a
particular type of business, the importance of dactor was the same, then the limit would be @d2%each (in
such a way that the sum of the four factors equads 0.25 + 0.25 + 0.25 + 0.25). Otherwise, applyinearity to
the results, a factor limit is obtained. Once thetdr limit is known, a measure rule could be desibadjusting
the minimum and maximum number of subordinatesyich a way that the rule is according to the SQ@é#&ch
particular industry. In order to show how this msg works, data were collected in four IS compaares 30
supervisors (within these companies) in the citfCbfhuahua, Mexico. The next figure shows how dsigh a
measure rule: once the survey that establisheletiet of importance of each of the supervisor fextmas been
designed and applied, the next step is to get #@nnfal, a2, a3, a4) and standard deviation of featbr. The
next step is to get the sum of the means valugsafad assuming that the sum of the coefficientstrba less or
equals to one, applying linearity the coefficielimsits could be obtained (equals a*/at). Each @ itistruments,

in order to valuate supervision effort, used insthirocess, has an evaluation from one (expert), two

(intermediate), and three (novice). The coefficilemit at level three (novice) will be the mean walof each
factor. In order to get the measure rule, the numbsteps must be established and from there tesore rule
could be designed dividing the coefficient limit bye number of steps with regular increments (asvehin

figure).
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Figure 7: Design of measure rule
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5.2 ldentification of relevant activities

Once the coefficients limits of each factor haeeib identified, it is necessary to establish thevest
activities for each factor in order to identify gdge instruments to measure the required timeupkesvision
effort. From definitions found on the work of lyigi{lyigiin, 1993), Raishi (Raisch, 2008), Annandle{Anand,
2006), and Hales (Hales, 1986) the principal ai¢izifor the planning, control, training, and exemu factors
were defined. The next steps in this process, #iteactivities were identified for each factore &mcused on the
following processes:

IMPLEMENTATION
OF EACH ACTIVITY

v

LEVEL OF
IMPLEMENTATION

-

DESCRIPTION OF
TOOLS AND
TECHNIQUES

v

ANALYSIS
(HOW THE ACTIVITY
WAS RUN)

'

PERFORMANCE
MEASURE

Figure 8: Activity implementation process

5.3 Application and validation

This section provides the procedure of the fielst used, and a brief description of how variablese
measured, the data analysis procedures, and dimcussthe results of the study. Supervisors, whghtnbe a
work manager, an area superintendent, or some atiremistrator, were first contacted by a lettedradsed to
the general manager of each IS company. Field Wwegan with interviewing them at length, and intews were
conducted with standard schedules listing the deséred. This instrument is used as part of theveoé process
diagnosis and improvement services that the IS eoieg provided. The study was specifically condiidte
confirm the patterns found in the literature witle torganizational practice (Price, 2007) and ttecbldata that
are useful for measuring the factors of plannimgt®l, training, and execution.

In order to apply and validate this method, a damp 30 supervisors and managers of the Informatio
Systems (IS) companies were given a survey to meterthe importance assigned to each of the fagtdhsn
that particular organization type. The use of aadro differential scale (Al-Hindawe, 1996) for #fle items in
the survey was proposed. The first part of thedatibn consists in setting the limit for the fagtdanvolved, and
an analysis of the survey instrument employed wasderusing the statistical software SPSS versioriol7
Windows Vista. The interview consisted of twentyegtions, five of them related to each factor irdaan order
and on a scale of 1 to 5 (1. Strongly disagred)i@agree, 3. Neither agree nor disagree, 4. AgreStrongly
agree) that the supervisor has with respect to gaehtion. Applying linearity to the value found foverage for
each of the factors and assuming that the sumedfrtfits must be less than or equal to 1, the Ifoniteach of the
factors identified were obtained. The previous difigation shows that the factors have differenérbirchy
between each of them, where the planning and exacaere of significant importance of 0.26, the ttohfactor
limit was 0.25 and a training factor of 0.23. Thédwing table shows the values obtained for eaciof:
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Table 1: Quantitative limit of each factor

Factor Mean % Limit
Planning 3.7 26.24 0.26
Control 3.54 25.11 0.25
Training 3.24 22.98 0.23
Execution 3.62 25.67 0.26
Sum 14.10 100 1

The next step for validation purposes was to nmregi$ie utilization of each of the instruments idfesd.

To validate this information, a study with 20 ramdy selected supervisors was conducted. The asalyas
carried out to identify how activities are perfoaier each factor. A standard measurement of 1 far all the
instruments was used, where 1 is the full utilmatf the instrument, and 3 when the instrumenbisknown. As
noted in the factors for the level O, the analggithe supervisor factors must be made by the pesgon higher
in command to avoid, at least to the lenel, a self-assessment process. The objective issesatshe number of
subordinates that should be expected (on averddp).study consisted of an interview with each suiper
where the evaluator collected data regarding the arsl knowledge that each supervisor has in eadheof
formats identified. Scales were constructed torgefhe variables operationally. These measuredebece of a
particular factor present by linking together a femof items that could be used to measure thatrfac

Once the limit of the factors and the evaluatibreach supervisor have been established, the text s
was to determine the value of each factor thatbeaassigned to the supervisor. Applying linearitg asing the
following rule the value of the coefficient for éafactor was calculated, as shown in figures 9nhd

Limit Evaluation Limit Evaluation
0.012381 || 1 00109524 || 1
0.0247619 || 1.1 0.0219048 || 1.1
| o.0371429 || 12 | - 0.0328571 | 12
00495238 || 13 0.0438095 || 1.3
00619048 [| 14 | oos47619]| 14 | -
0.0742857 [ 15 00657143 || 15
00866667 || 16 00766667 || 16
0.0990476 [ 1.7 . 0.087619 || 1.7
01114286 || 18 z 0.0985714| 18 )
01238095 [ 19 = 01095238 || 1.9 3
0.1361905 || 2 2 01204762 2 £
0.1485714 || 2.1 g 0.1314286 || 2.1 £
0.1609524 [ 22 = 0.142381 || 22 &
01733333 [ 23 01533333 || 23
01857143 )| 24 0.1642857 || 24
0.1980952 [ 2.5 01752381 || 25
02104762 || 26 01861905 || 26
02228571 )| 27 01971429 2.7
02352381 | 28 0.2080052 || 2.8
0247619 || 2.9 02190476 || 2.9
0.26 3 0.23 3

Figure 9: Evaluation of planning andraining factor
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Limit Evaluation Limit Evaluation

0.012381 1 0.0119048 | 1
0.0247619 || 1.1 0.0238095 || 1.1
0.0371429 || 12 00357143 || 12
| 0.0495238 || 13 |- 0047610 013
0019048 || 14 [0osos2ss | 12 | <l
0.0742857 || 1.5 0.0714286 || 1.5
0.0866667 || 1.6 00833333 || 16
0.0990476 || 1.7 ~ 0.0952381 || 1.7
0.1114286 || 18 £ 01071429 || 18 5
01238095 || 19 = 0.1190476 || 1.9 &
01361905 || 2 Z 01309524 | 2 3
0.1485714 || 21 3 0.1428571 || 2.1 =
0.1609524 || 2.2 5 0.1547619 || 22 o
01733333 || 23 0.1666667 || 2.3
01857143 || 2.4 01785714 || 2.4
01980052 || 25 01904762 || 25
02104762 || 2.6 0202381 || 26
02228571 | 27 02142857 || 2.7
02352381 || 2.8 02261905 || 2.8
0247619 || 2.9 02380052 || 2.9
0.26 3 0.25 3

Figure 10: Evaluation of training ad control factor
With the data found and replacing in the followsanstraint:

To_;u'}rﬁ_;l"pn[pi_;f + c-"z'_;l' + tz'_;l' + ei_;l') = zfz_;l }Fz’_;l",u._

7 7

For an 8-hour workday, the constraint resulthfollowing equation:

8 hrs * (.037+.059+.054+.049) = 8 hrs * (0.199).59 hrs.

This relationship indicates that the working graugy requires 1.59 hours of supervision. Superviso
factors that affect each level must be calculatedefich working group independently. If the workiggups
were homogeneous (same factor value for each grol) in the previous constraint the number ofugso
directed by each supervisor can be calculated twéliollowing equation:

nngUpS(E%) (0.199)5 8(1)5upervisor
le:l:]lsu'[:lemsa-r -5 groups
() (0.159)
Under these conditions, one supervisor could mangyg to five working groups (workers). In the
extreme case, where a supervisor obtains an asseissifnone (perfect score) in all measuring insgnts, it

involves the following equation:

Ngroups=

Ngroups (8) (-045)< 8(1 )upervisor

2{1)supervizor _
(2) (0.045) 20 groups

It is important to note that these results andetlmf weights are relative to a particular type of
organization and cannot be taken as the basisnfocampany. In any new design, the method mustnbegh
the evaluation of the limit that the factors cowddke in order of the relevance of each factor eglab the
company and also the assessment made in measwstngments.

Ngroups=

6. Conclusions

From an examination of the literature of Organa@aflheory, four primary dimensions of supervision
work were defined: planning, control, executiong @raining. These concepts were then operated bgrgéng
instruments measuring various aspects of the pyirdemensions. The results found in this paper, ndigg the
SOC within the Information Systems (IS) companigsre consistent with the practice that those comegan
currently have between four and eight operatorshiarge for each supervisor and also the SOC fonrttig
literature review. This method can give some gindsl to determine how a supervisor may be resplenfib
more working groups. The evaluation of each fachoist be analyzed, and from this assessment, it brus
determined how it can improve the performance #wrhefactor involved. The SOC can also identify nggma
who need further training by measuring their perfance. One of the main contributions of this qumatiion of
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factors was to determine an appropriate methoddease the number of subordinates consideringriabysis
and study of the factors involved.

The results of the SOC in this paper are condistatth the ones found in the literature review. The
number of subordinates founded in the work of Véetet al. (Van Fleet, 1977) with an average S®@ve
and also Entwisle and Walton (Entwisle, 1961) withaverage between 5 and 7. The only author thations a
maximum SOC is Udell (Udell, 1967) with 30 subosmt®s. For this particular application case, the SOC
suggested is (around) five with a maximum SOC of 21
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