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MODELING AND OPTIMIZATION OF MULTI-
LAYER AGGREGATE PRODUCTION PLANNING

ABSTRACT

Aggregate production planning has attracted the attention of researchers for quite
a long time now; and the continued researches depict the significance and scope for
improvement in this arena. Here, a multi-product, multi-level and multi-period model
has been formulated to identify the required aggregate plan for meeting the forecast
demand, by regulating production rates, inventory, workforce, various production
costs, and other controllable variables. Several new contributing factors, such as costs
related to material handling, raw material inventory and worker training have been
included in the objective function and constraint equations to make the model more
realistic. A case study has been presented for a cosmetics and toiletries manufacturer
in Bangladesh. Eventually, the problem has been solved using Genetic Algorithm and
Particle Swarm Optimization approach. The solution illustrates that the model can be
applied in a real world scenario to enhance productivity and profitability.
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INTRODUCTION

Aggregate production planning (APP) is a process
that incorporates forecast of usually 3 months to 18
months, known as the medium range forecast. It fo-
cuses on the determination of production, inventory
and workforce levels while meeting the fluctuating
demands requirement. The planning horizon usually
sets the next seasonal peak in demand as the target
and assumes the physical resources of the firm deter-
ministic and constant. Aggregating the information
being processed becomes a must for a long planning
horizon. Once the APP is established, constraints are
imposed on the production process. Adhering to an
APP model can help businesses operate in a leaner
manner. It increases production rate significantly
by maximizing the utilization of production equip-
ment and allows for contingency measures so that
firms can better accommodate the uncertainties in
customer orders and production. That’s why; it has
always been of immense significance to formulate
the APP model as realistic as possible.

Baykasoglu (2001) has presented APP as a midterm
planning for capacity to regulate the production, work-
force and inventory levels for a given set of constraints.
A good number of practitioners and academia (Shi &
Haase, 1996) has been carrying out intriguing research-
es on APP resulting different APP models with varying
degree of sophistication in past few years. Holt, Modi-
gliani, and Simon (1955) proposed the approach to solve
APP model for the first time. Hanssmann and Hess
(1960) developed linear programming model which was
extended for multi-product and multi-stage production
systems by Haehling (1970). Masud and Hwang (1980)
introduced goal programming (GP), the step method
and sequential multi-objective problem to solve APP
problem. Jain and Palekar (2005) presented compari-
son among several heuristics by solving the aggregate
production planning problem using the configuration-
based formulation. Entezaminia, Heydari, and Rahmani
(2016) proposed a multi objective APP model for a multi-
period multi-site scenario considering green and reverse
logistics. Al-e-hashem, Malekly, and Aryanezhad (2011)
tackled a multi-period and multi-product APP model un-
der uncertainty by applying LP-metrics method. Leung,
Wu, and Lai (2017) presented a stochastic programming
approach for addressing the uncertainty in a multi-site
aggregate production planning.

Tsoulos (2009) presented Genetic Algorithm (GA)
for constrained optimization model, whereas Bun-
nag and Sun (2005) presented a stochastic optimi-

zation method to solve constrained optimization
problems over a compact search domain. Fahimnia,
Luong, and Marian (2008) presented a methodol-
ogy to model the Aggregate Production Planning
problem, which is combinatorial in nature, when
optimized with Genetic Algorithms. Konak, Coit,
and Smith (2006) gave an overview and tutorial on
genetic algorithm for multi-objective optimization.
Eldos (2005) introduced a new topology indepen-
dent scheme called the selective migration model
in genetic algorithm. Ramezanian, Rahmani, and
Barzinpour (2012) developed a mixed integer linear
programming (MILP) addressing NP-hard class of
APP, and implemented GA and tabu search for solv-
ing that problem. The mixed integer programming
was implemented by Hung and Hu (1998) who con-
sidered maximizing revenue along with minimizing
inventory and cost. Artificial intelligence approach-
es, sometimes including mathematical program-
ming models have been used for solving APP mod-
els. Khalili-Damghani and Shahrokh (2014) solved
a multi-objective multi-period multi-product APP
problem using Fuzzy Goal Programming. The hybrid
discrete event simulation (DES) and system dynam-
ics (SD) methodology were introduced in the APP
field by Jamalnia and Feili (2013).

Particle Swarm Optimization (PSO) has been applied
to an array of applications which can generate good
solutions with small calculation time and stable con-
vergence. Eberhart and Kennedy (1995) introduced
particle swarm methodology for optimization of non-
linear functions. Wang, Liu, Zeng, Li, and Li (2007)
showed an opposition-based learning scheme to PSO
(OPSO) along with a Cauchy mutation results in a bet-
ter convergence. Lei (2008) applied a pareto archive
particle swarm optimization for multi-objective job
shop scheduling, whereas Chen (2011) introduced a
two-layer particle swarm optimization (TLPSO) mod-
el. Later Wang, Sun, Li, Rahnamayan, and Pan (2013)
modified the PSO algorithm by incorporating the idea
of sub-particles. It produced a better search process
than the general PSO.

However, the previous studies failed to incorporate
some factors like costs related to material handling,
raw material inventory and worker training; which
undoubtedly shapes the APP model of a firm in a
great way. So by considering the factors and con-
straints associated with these cost terms, the pro-
posed APP model will become one step closer to the
real scenario and will guide the firms in a more accu-
rate fashion. And unlike many papers, instead of just
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minimizing the total production cost, this study has
considered minimizing the total production loss as it
also incorporates the effects of sales revenue.

The rest of this paper is organized as follows. The pro-
posed model is formulated and described in details
with assumptions first. Then the model is implement-
ed in a case study where GA and PSO are used. After
presenting and explaining he results and findings, the
paper concludes with some specific directions for fu-
ture research in this arena.

Figure 1: Outline of Genetic Algorithm

Start

THEORETICAL FRAMEWORK
Genetic Algorithm

A genetic algorithm is a problem solving method
that uses genetics as its model of problem solving. It
is a search technique to find approximate solutions
to optimization and search problems. The basic of
genetic algorithm is shown in Figure 1.
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Particle Swarm Optimization (PSO) Algorithm

We have developed a PSO model for the relevant objective function and constraint equations, similar to the

single objective GA model. The main purpose of this research work is to develop a fair comparison among
these two models with the same set of considerations. The basic of PSO is illustrated in Figure 2.
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Figure 2: Outline of PSO Algorithm
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The APP Model Formulation

The mathematical model is based on the following
assumptions:

1. Products are independent to each other, related
to marketing and sales price.

2. All per unit costs and set up costs are considered
constant for a given period.

3. Backorders are considered.
4. Shortage cost is not considered.
5. Hiring presumes an available supply of workers.

6. Backorder quantity of previous month is com-
pleted first in the current month and then the
planned production of this month is commenced.
So the production of backorder quantity is usually
carried out in the regular production time.

7. The penalty of the backordered quantity for the j
period is included in that months cost of Aggregate
Production Planning.

8. Demand is continuous.

9. Workers hired in a certain period will not be laid
off in the same period.

10. The manufacturer sets the wholesale price
(while there is still uncertainty regarding demand),
and the retailer orders product. The units are pro-
duced and delivered to the retailer.

11. The retailer takes delivery of ordered units when
demand is still unknown and assumes ownership
upon delivery.

12. Each worker is assigned for a particular line of
product.

The following notations are used after reviewing the
literature and considering practical situations:

P, =Regular time production cost per unit of i* (type
of product) product in period j for k level (casual,
temporary, permanent) workers (Tk./unit/minute)

ay = Regular time quantity of i product in period j
for k level workers (units)

o, = Required time for regular time production per unit
of i product in period j for k level workers (minutes)

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 01-15

ISSN: 1984-3046



ARTICLES | Modeling and Optimization of Multi-Layer Aggregate Production Planning

O,,= Overtime production cost per unit of i prod-
uct in period j for k level workers (Tk./unit/minute)

b, = Overtime quantity of i h product in period j for
k level workers (units)

B, = Required time for overtime production per
unit of i product in period j for k level workers

(minutes)

SC. = Subcontracting cost per unit of i product in
period j (Tk./unit/minute)

dij = Subcontracting quantity of i* product in period
j (units)

Y, = Required time for production in subcontract per
unit of i® product in period j (minutes)

IRZj = Inventory carrying cost per unit of z (type of
raw material) raw material in period j (Tk./unit)

e, = Inventory level of z™ raw material in period j
(units)

IF, = Inventory carrying cost per unit of i product
in period j (Tk./unit)

f, = Inventory level of i product in period j (units)

B, = Backorder cost per unit of i*" product in period
j (Tk./unit)

g, = Backorder quantity of i* product in period j for
k level workers (units)

Y, = Material handling cost per unit of z* " yaw mate-
rial in period j (Tk./unit/minute)

r, = Material handling quantity of z* raw material
in period j (units)
7, = Material handling time per unit of z™raw mate-

rial in period j (minutes)

M, = Material handling cost per unit of i product in
period j (Tk./unit/minute)

n, = Material handling quantity of i*" product in pe-
riod j (units)

61)' = Material handling time per unit of i product in
period j (minutes)

H,, = Hiring cost per labor of k level for i* product
in perlod] (Tk./labor)

h, = No. of labor of k level hired for i*" product in
period j (no. of labor)

F_ = Firing cost per labor of k level for i product in
period j (Tk./labor)

L, = No. of labor of k level fired for i* product in
period j (no. of labor)

T, = Training cost per labor of k level for if h product
in perlod] (Tk./labor)

= No. of labor of k level to be trained for i" prod-
uct in period j (no. of labor)

m_, = No. of labor of k level to be trained to kX level
for i product in period j (no. of labor)

S, = Sale price per unit of i product in period j (Tk./
unit)

v, = Sale quantity of i* product in period j (units)

ATR,, = Available time for regular production of i
product in period j for k level workers (minutes)

ATO,,
i*" product in period j for k level workers (minutes)

= Available time for overtime production of

ATS, = Available time for subcontracting of i*" prod-
uct in period j (minutes)

MU = Machine usage per unit of i product in pe-
rlod j for k level workers (machine-hours)

MMC, = Machine capacity for i* product in period j
(machine-hours)

WSR , = Warehouse space required for one unit of zh
raw material in period j (cubic feet)

WSR, = Warehouse space required for one unit of it
product in period j (cubic feet)

MWCR Warehouse capacity for raw materials in
perlod] (cubic feet)

MWCEF, = Warehouse capacity for finished products
in penod] (cubic feet)

v, = Productivity of k level labor (0 < < 1)

SUP, = Quantity of z'™* raw material in period j from
suppliers (units)

= Quantity of z™ raw material required for one
unit of i product in period j (units)

L, = No. of k level labor required for producing one
unit of i product in period j

.= Fraction of labor variation allowed in period j
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The objective function includes production costs such
as regular time production, overtime, subcontracts,
inventory cost of raw materials and finished goods,
backordering and material handling. The second por-
tion of the objective function includes the cost of
changing the labor levels, such as hiring, laying-off
and training workers. Finally, the forecasted sales
revenue has been deducted from these costs, and our
objective is to minimize this difference. The factors
that we have introduced in this objective function
include segregating the raw materials and finished
goods, material handling and training cost. We have
tried to minimize the loss (i.e. maximizing the profit)
by incorporating the sales revenue, while the other
papers have tried to minimize the cost of production.

The objective function of the proposed model can be
derived as follows:

Minimizing Total Loss = (Regular Time Production
Cost) + (Overtime Production Cost) + (Subcontract-
ing Cost) + (Inventory Cost of Raw Materials and
Finished Goods) + (Backordering Cost) + (Materi-
al Handling Cost) + (Labor Hiring, Laying-off and
Training Cost) - (Forecasted Sales Revenue)

1 J K
Regular time production cost = Z Z Z [ijkauk%k]

i=1 j=1 k=1

This cost includes direct material, direct labor, man-
ufacturing overhead, administrative and marketing
or selling cost.

Overtime Production Cost = z i i [Oijkbijkﬁijk]

i=1 j=1 k=1

Overtime Production Cost includes direct material,
overtime labor, manufacturing overhead, adminis-
trative and marketing or selling cost.

L
Subcontracting Cost = E Z [SC id; JYU]

i=1 j=1

This cost includes the cost of materials provided by
the manufacturer to the subcontractor, and the rate
that will be charged for producing the products by
the subcontractor.

Inventory Cost of Raw Materials and Finished

zZ J 1 J
Goods = Z Z [IRZjezj] * Z Z [IF”f”]

z=1 j=1 i=1 j=1

This cost includes holding or carrying cost and or-
dering cost. Holding cost includes insurance, de-
preciation, spoilage, breakage, warehousing costs
(heat, light, rent, security) etc.

Backordering

5513 1]

i=1 j=I

[Pijkgi(j—l)k“ijk ]

This cost includes the penalty that the manufactur-
er has to pay for not being able to supply the prod-
uct on time according to the demand and the cost
of production in the current period to produce the
backordered quantity of the previous period.

Material Cost

z L
Z Z [YZJrZJEZJ] * Z Z [MlJnlJ6 ]
z=1 j=1 i1 j

i=1 j=1

Handling

This cost refers to the cost related to labor and
equipment for loading, unloading, palletizing, de-
palletizing, unitizing, packaging, etc. for handling
materials.

Labor Hiring, Firing and Training Cost =

ZI: ZJ: ZK: [Hijkhijk + Fijlije + Tijkmijk]

i=1 j=1 k=1

Hiring cost includes recruitment, screening and
training. Quality may also suffer, whereas firing
cost includes severance pay, the cost of readjusting
workforce, lack of goodwill towards the farm on the
part of fired workers, and loss of morale for remain-
ing workers. Training cost includes the costs to bring
new workers up to speed as well as training of the
existing workers to increase their skill and expertise.

I J
Forecasted Sales Revenue = Z Z {Sijvij]

i=1 j=I

This includes the selling price that the manufacturer
will charge to the customer and the forecasted demand.

So, the objective function can be expressed as follows:
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+ IFf. + B,

L
1J5)

2

=l j

zZ ]
ZZ [IRZJS + YZJrLJnZJ] +

z=1 j=1
[SUVU]

2

|:Scijdij'\{1j
1

k=1
1

i=1

-

1

J

-
-

)

i 1

1]

Where, X = Total loss
Functional Constraints:
Constraint Equations for Inventory:

K
fig1) + Z [ﬂijk + by

k=1

= 8k + &-nk| +di—fi=vi

)

The forecasted demand v, consists of inventory lev-
el of finished goods of the previous period, as well
as regular and overtime production, backorder and
subcontracting. The backorder of previous period
and the finished goods inventory of this period are
then subsequently deducted to determine the fore-
casted sales quantity. Backorder of a previous pe-
riod must be fulfilled in the next period.

K

€4 < ex1) + SUPs — paij Z [ ajjk + by + gi(jfl)k] 3)
k=1

The raw materials available from the previous period

plus the quantity received from suppliers in this pe-

riod less the usage of raw materials for regular, over-

time and backorder production in this period should

be equal to the inventory at the end of this period.

Constraint Equations for Labor:

Li(jfl)k[ai(j—l)k + bi—ik + ik [T Bk — Tk —Liji

[%‘k + bt gi(j,l)k]—mijkk”"‘
4)

The number of labor at a certain level in this period
is equal to the labor in the previous period plus the
workers who were hired and from this the number
of workers laid off is subtracted. Also the workers
who were upgraded from a lower level are added and

K
Z [Hijkhijk+ Fiiclij + Tijkmijk]

k

K
ij Z [gljk]+ Mlj

1

[Pijkaijk(xijk + Oijkbijkﬁijk + Pijkgi(j—l)kaijk ] +

d

the workers who were transferred from this current
level to a superior level are subtracted.

)

i=1 k=1

K

1
[hijk + Liji| < @31 Z z Li(j—l)k[ai(j—l)k + by + 82k
i=1 k=1

)

The number of workers in the previous period deter-
mines how many people can be hired and laid off in
the current period. This number should be less than
or equal to a certain percentage of the labor level
of the previous period, which will be determined by
the company labor policy.

K

Lij + Z My < Li(jfl)k[ai(jfl)k + bigi—nk + igj-2k
k'=1

(6)

The number of workers who can be laid off or up-
graded to a higher level in this period should be less
than or equal to the number of workers in the previ-
ous period.

K

)

k=1

K
Z [ATR;jx + ATO;j] > [aijkaijk + byjbijt gi(j,l)k“ijk]

(7

The number of labor hours available through regu-
lar and overtime must be greater than or equal to
the time required for outputs at regular, overtime
and backorder production.

Constraint Equations for Warehouse Capacity:

Z
Y [WSRyje,;| < MwCR

z=1

®

This equation denotes that the space required for
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the inventory of raw materials should be less than
or equal to the warehouse capacity of raw materials
in each period.

1
Y |wskif,| < mwer,

i=1

€)

This equation denotes that the space required for
the inventory of finished goods should be less than
or equal to the warehouse capacity of finished goods
in each period.

Constraint Equation for Machine Capacity:

K
Z MUijk[aijk + bijict gi(jfl)k] < MMG;; (10)
k=1

This equation represents the limits of actual machine
capacity. That is, the machine usage for regular, over-
time and backorder production must be less than or
equal to the machine capacity for a certain period.

Constraint Equation for Subcontracting:

The time required for subcontracting in each period
should be less than or equal to the time available at
the subcontractors’ facility.

Constraint Equations for Material Handling:

r,; < SUPz+ ez

zj (12)

This equation denotes that the quantity of raw ma-
terials handled in current period should be less than
or equal to the amount of raw materials provided by
suppliers in this period and inventory of raw mate-
rials in the previous period.

n;;

This equation denotes that the quantity of finished
goods handled in current period should be less than
or equal to the amount of goods produced in regular
time and overtime in this period and inventory of
finished goods in the previous period.

Non-negativity Constraints:

£ii» ik Mijp Nijio Lijio 5o M =

aijk, b-jk, dij, e "

i zj?

0 for all values of'i, j, zand k (1)

MODEL IMPLEMENTATION
Case Description

Kohinoor Chemical Company (Bangladesh) Limited
(KCCL) was used as a case study to demonstrate the
practicality of the proposed methodology. This com-
pany was established in 1956. It is situated at Tejg-
aon Industrial Area, Dhaka. It is a pioneer manu-
facturing company in high quality beauty, toiletries
and personal care products. A number of its brands
such as Sandalina, Fast Wash, Genstar, Bactrol, Ice
Cool and Fair & Care are renowned in Bangladesh.
The brands Sandalina and Fast Wash have high de-
mand in market, so they incur the most manufac-
turing resources and need to satisfy the customers
within specified lead time. The major concentration
of the study was focused on one Stock Keeping Unit
(SKU) of each of the brands: 75-gram presentation
of Sandalina soap (product 1) and 450 gram of Fast
Wash (product 2). The planning horizon is 2 months
long, namely September and October. Table 1, 2 and
3 summarize the information about products and
raw materials for different periods and levels.

Table 1: Information about the Products, depending on the Period

Product 1 Product 2
Items
Period 1 Period 2 Period 1 Period 2
Forecasted Demand (units) 780000 760000 350000 360000
Subcontracting cost per unit (Tk./unit/min) 15.92 15.92 38.22 38.22
Required time for production in subcontract per unit (mins) 0.00011 0.00011 0.00025 0.00025
Inventory carrying cost per unit (Tk./unit) 0.16 0.16 0.382 0.382
Backorder cost per unit (Tk./unit) 1.2 1.2 2.6 2.6
Material handling cost per unl.t of finished product 0477 0477 115 115
(Tk./unit/min)
(continue)
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(conclusion)
Product 1 Product 2
Items
Period 1 Period 2 Period 1 Period 2
Material handling time per unit of finished product (mins) 0.0014 0.0014 0.002 0.002
Selling price per unit (Tk./unit) 24 24 52 52
Warehouse space required for%Zi)unlt of finished product (cubic 0.0068 0.0068 0.0246 0.0246
Machine capacity (machine hours) 630 630 420 420
Available time for subcontracting (mins) 210 210 210 210
Table 2: Information about the Products, depending on the Level
Product 1 Product 2
Period 1 Period 2 Period 1 Period 2
Items
Levels Levels Levels Levels
1 2 3 1 2 3 1 2 3 1 2 3
Regular
production | ;oo | 1587 | 1585 | 1589 | 1587 | 1585 | 3819 | 3817 | 3815 | 3819 | 3817 | 3815
cost (Tk./
unit/min)
Regular
. . 0.007 0.0068 | 0.0066 0.007 0.0068 | 0.0066 0.01 0.098 0.096 0.01 0.098 0.096
time (mins)
Overtime
production |, 195 19.2 20 195 19.2 49 487 | 483 49 487 | 483
cost (Tk./
unit/min)
Oz’::i:;‘e 0.007 | 0.0068 | 0.0066 | 0.007 | 0.0068 00066 | 001 | 0098 | 0096 | 001 | 0098 | 0.096
Hiring cost
(Tk./labor) 5 0 0 5 0 0 5 0 0 5 0 0
Firing cost |44 120 150 100 120 150 100 120 150 100 120 150
(Tk./labor)
Training
cost (Tk./ 10 12 0 10 12 0 10 12 0 10 12 0
labor)
Number of
labor 0.00094 | 0.00093 | 0.00092 | 0.00094 | 0.00093 | 0.00092 | 0.0013 | 0.0012 | 0.0011 0.0013 | 0.0012 | 0.0011
Number of
labor to be 5 4 0 5 4 0 6 5 0 6 5 0
trained
Labor
productivity 68 70 72 68 70 72 68 70 72 68 70 72
(%)
Available
time for
regular 1800 1800 1800 1800 1800 1800 1200 1200 1200 1200 1200 1200
production
(mins)
Available
time for
. 1800 1800 1800 1800 1800 1800 1200 1200 1200 1200 1200 1200
overtime
(mins)
Machine us- |, 0 0.0001 0 0 0.0001 0 0 1000023, © 0 000023
age (hours)
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Table 3: Information about the Raw Materials

Product 1 Product 2
Items Period 1 Period 2 Period 1 Period 2
RM1 RM 2 RM1 RM 2 RM 3 RM 4 RM 3 RM 4

Inventory Carrying

. . 0.00082 0.0142 0.00082 0.0142 0.00030 0.00010 0.00030 0.00010
cost per unit (Tk./unit)

Material handling cost

of raw material per 2.46 42.7 246 42.7 0.92 0.31 0.92 0.31
unit (Tk./unit/min)

Material handling

. D 0.0014 0.0014 0.0014 0.0014 0.002 0.002 0.002 0.002
time per unit (mins)

Quantity of raw ma-
terials from suppliers | 292500000 | 4916667 | 292500000 | 4916667 | 333000000 | 204750000 | 333000000 | 204750000
(gm)
Quantity of raw mate-
rial per unit of product 73 13 73 13 167 103 167 103
(gm)
Warehouse space for

one unit of raw mate- | 0.0000542 | 0.000047 | 0.0000542 | 0.000047 0.000056 0.000035 0.000056 0.000035
rial (cubic feet)

Additional Information: Genetic Algorithm Approach

» Fraction of labor variation allowed according to labor =~ The authors have used MATLAB computer soft-
union contracts and government regulations is 10%. ware to solve the proposed model, using genetic al-
gorithm approach for the KCCL case. Table 4 lists
the values of the variables obtained by solving the
+ Warehouse capacity for finished products is 1000 model using GA by MATLAB.
cubic feet.

» Warehouse capacity for raw materials is 340 cubic feet.

Table 4(a): Calculated Multi-Product, Multi-Level and Multi-Period APP Plan

Product 1 Product 2
Period 1 Period 2 Period 1 Period 2
Items
Levels Levels Levels Levels
1 2 3 1 2 3 1 2 3 1 2 3
Regulartime | 1,c 7 | 126666 | 126666 | 84413 | 84413 | 84412 | 52000 | 52000 | 52000 | 50129 | 50130 | 50130
quantity (units)
Overtime
. . 86667 86668 86667 | 44413 44413 44412 34000 34000 34000 32130 32130 32130
quantity (units)
Subcontracting
quantity (units) 0 0 ! 0
Inventory level
of finished 126762 20000 5610 5000
product (units)
Material han-
dling quan-
tity of finished 300000 300000 120000 120000
product (units)
No. oflabor 0 0 0 0 0 1 0 0 0 0 1 0
hired
No. of labor 0 0 0 0 0 1 0 0 0 0 0 0
fired
No. of labor 0 0 0 2 0 2 0 0 0 0 0 1
trained
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Table 4(b): Calculated Multi-Product, Multi-Level and Multi-Period APP Plan

RM 1 RM 2 RM 3 RM 4
Items
P1 P2 P1 P2 P1 P2 P1 P2
Inventory level
of raw material 5000 5000 5000 5000 5000 5000 5000 5000
(units)
Material handling
quantity of raw 3000000 500000 3000000 500000 3000000 2000000 3000000 2000000
material (units)
Table 4(c): Calculated Multi-Product, Multi-Level and Multi-Period APP Plan
Backorder Quantity (units)
Period 0 Period 1 Period 2
L1 L2 L3 L1 L2 L3 L1 L2 L3
Product 1 86667 86666 86666 44413 44413 44413 1
Product 2 34000 34000 34000 32130 32130 32130 1 0

Table 5 illustrates the different GA parameters and options used to obtain the optimal value of the objective

function. According to this calculation, the total profit
Tk. 35,47,000.

Table 5: Different GA Parameters and Options

for the two months taken into consideration comes to

GA Parameters

Options Used

Population Type

Double Vector

Population Size

20

Creation Function

Feasible Population

Fitness Scaling Top
Selection Function Roulette
Mutation Function Adapt Feasible
Crossover Function Heuristic

Migration Both
Generations 60

Time Limit Positive Infinity
Fitness Limit Negative Infinity
Stall Time Limit Positive Infinity

Iteration Needed to Complete

51

Particle Swarm Optimization Approach

Here in this research paper the authors proposed a
particle swarm optimization model for solving this
Aggregate Production Planning problem. Here for
the initial run the cognitive coefficient C, is used as
0.5 and social coefficient C, is 1. A total of 20 par-
ticles are targeted and the stopping criterion is used

as 100 loops or iterations. We have used MATLAB
software for writing the program and solving the
problem. For all the PSO variants the fitness value
gives approximately similar values. It receives its
minimum fitness or objective value Tk. 38,07,300
after 100 iterations. Table 5 illustrates the different
PSO parameters and options used to obtain the op-
timal value of the objective function.
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Table 6: Different PSO Algorithm Parameters and Options

PSO Parameters Options Used
Population Size 20
Generations 100

Time Limit Positive Infinity
Fitness Limit Negative Infinity
Stall Time Limit Positive Infinity
Stall Generations 50
Function Tolerance le-6

Constraint Tolerance

Negative Infinity

RESULTS AND FINDINGS
The solution developed by GA for the proposed single objective model is depicted in Figure-3.

Figure 3: Solutions by Genetic Algorithm
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Both the GA and PSO approaches yield different
fitness function values each time the program is
run. This is because the initial population selec-
tion and steps in further iterations are done at
random by these algorithms. So we have execut-
ed each of the algorithms 20 times for our pro-
posed model, and then deduced a mean value for
evaluation. Table 7 depicts the heuristic optima
in each run by both GA and PSO algorithms. The

actual net profit of Kohinoor Chemical Company
(Bangladesh) Limited (KCCL) for the two months
considered was around 3600000. The mean from
PSO is Tk. 3547000 and from GA is Tk. 3807300.
So the output from the PSO is closer to the actual
value than the GA. The PSO also shows better per-
formance in terms of standard deviation and range
which are mentioned in Table 7.
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Table 7: Heuristic Optima of Individual Run by GA and PSO Algorithm

Heuristic Optima

(Total Net Profit for 2 Months in Taka)

Run
GA PSO
1 3811531 3504100
2 3504826 3345649
3 3604915 3491658
4 3962154 3764212
5 3809562 3564974
6 3807300 3561974
7 3665482 3547000
8 3596215 3549167
9 3789652 3546196
10 3965882 3491673
11 3995145 3469167
12 3896325 3556798
13 3812654 3594361
14 3807300 3600945
15 3647589 3675485
16 3998798 3546197
17 4095789 3534697
18 3807300 3534645
19 3759784 3534596
20 3807800 3526497
Mean (Tk.) 3807300 3547000
Standard Deviation (Tk.) 151741.6059 81089.46
Range (Tk.) 590963 418563

The percentage difference between the two values is calculated as follows:

Difference of GA and PSO mean values

x 100%

Percentage difference =

Average of GA and PSO mean values

3807300 — 3547000

= x 100%
0.5 x (3807300 + 3547000)

=7.1%

Since the percentage difference between the two
values is quite close, this indicates that, for multiple
runs both GA and PSO provide similar solutions.
The difference in runtime is also negligible. This de-
picts the validity of our proposed model, as well as
the case study used for the numerical analysis.

Several new contributing factors, such as costs relat-
ed to material handling, raw material inventory and

worker training have been included in the objective
function and constraint equations to make the model
more realistic. Without incorporating these factors,
the models provide solution over Tk. 4000000 which
is further from our actual value of Tk. 3600000. This
fact supports the validation of the model as these
costs are actually incurred in practical scenario for
the industries and thus incorporating these costs al-
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lows KCCL to obtain a better solution. KCCL has al-
ready implemented this model and according to the
response from the management of KCCL, they are

obtaining more accurate and realistic solutions from
this updated APP model.

CONCLUSION

Aggregate production planning (APP) is one of the
most omnipresent but fluctuating problems in both
the industry and academia. The battle to meet uncer-
tain demands for different products in future as well
as to decide hiring, firing, overtime, subcontract and
carrying inventory level has always existed (Atiya
et al., 2016). This research work presents a suitable
approach for solving multi-product, multi-level and
multi-period APP decision problems, with the fore-
cast demand, related operating costs and capacity.
The inclusion of variables such as material handling,
labor training, raw material inventory, which have
not been incorporated in other research works, has
transformed the APP model to be more realistic. Fi-
nally, the PSO algorithm has been implemented in
order to generate the optimal solution which is then
again justified by implementing GA.

Future Recommendations

» Global optimum can be ensured by using a dif-
ferent fitness, crossover and migration func-
tions, or utilizing different stopping criteria.

»  Other than the factors that we have considered
in this model, some other aspects can also be
incorporated to enhance the accuracy of the
model. These include shortage costs, availability
of skilled workers, shortage of raw material sup-
plies, etc.

» Cascade Rolling Horizon can be implemented
with this model where the output of a certain
number of period can be utilized as inputs for
obtaining precise solutions for future periods.
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INTRODUCTION

Several studies on sources of supply chain risks and
risk management have gained popularity among
academics over the years (Blackhurst, Craighead,
Elkins, & Handsfield, 2005; Craighead, Blackhurst,
Rungtusanatham, & Handfield, 2007; Stecke & Ku-
mar, 2009; Kleindorfer & Saad, 2005; Tang, 2006).
For the sake of emphasis, the majority of the recent
works in operations management especially the sup-
ply chain management literatures are focussed on
the developed countries such as Germany and USA
(Ambulkar, Blackhurst, & Grawe, 2015; Robb, Xie,
& Arthanari, 2008; Beske, Land, & Seuring, 2014;
Craighead, Blackhurst, Rungtusanatham, & Hand-
field, 2007; Heckmann, Comes, & Nickel, 2015; Hof-
man, Busse, Bode, & Henke, 2014; Oke & Gopal-
akrishnan, 2009; Scheibe & Blackhurst, 2017; Tang,
2006; Wagner & Bode, 2006; 2008; Wiengarten,
Humphreys, & Gimenez, 2016).

Notably, there are disparities in the types of supply
chain risks experienced in developing and devel-
oped countries. Some environment-specific factors
are the reasons for the differences in performance
of manufacturing firms in developing and devel-
oped countries (Luken, Rompaey, & Zigova, 2008).
Despite the effects of globalization on aligning the
diverse markets in the developing and developed
countries, there are still considerable differences in
firms’ performances (Onwubolu, Haupt, De Clerrcq
& Visser, 1999).

Due to some environmental sources of disruptions
as a result of geographical, technological, and infra-
structural differences, there is the need to identify
the causes of supply chain risks, the mitigation strat-
egies used in managing different risks in manufac-
turing firms in developing countries, especially in
the case of Nigeria. Nigeria is chosen as the develop-
ing context investigated. This is because Nigeria has
become an important part of the global supply chain
due to her large market in the Sub-Saharan Africa
(Pigato & Tang, 2015).

The need for academic scholars and practitioners in
Nigeria to focus on the Nigerian manufacturing sec-
tor in order to ensure notable improvement cannot be
overemphasized. There is need to take advantage of
the recent diversification from oil and the move away
from the mono cultural activities in the country (Uzon-
wanne, 2015). It is also an important step towards at-
tracting more foreign direct investments (FDIs) in the
manufacturing sector in Nigeria and creating aware-

ness for investors about potential risk factors in the
country. The global interest in Africa at large and par-
ticularly, Nigeria has made this research work of great
significance. This study focused on identifying and cre-
ating awareness about the causes of supply chain risks
and supply chain risk management strategies popular
to the developing context investigated. Hence, some
sources of supply chain risks peculiar to manufacturing
firms in Nigeria and the mitigation strategies common-
ly used in managing different supply chain risks have
been identified. In addition, this work also enumerated
the impacts of supply chain risks on the manufacturing
firms in Nigeria.

As earlier explained, there has been a significant
amount of research conducted in the area of sup-
ply chain systems among academics but there have
been little or none reported on supply chain risk
management in relation to the manufacturing sec-
tor in Nigeria. Therefore, this work focuses on typi-
cal manufacturing-oriented supply chains in Nige-
ria. The objectives of the study included are three.
First, to identify and state the supply chain risks
that disrupt the manufacturing operations of firms
in a developing context. Second, to identify and state
the impacts of supply chain risks on the operations
of manufacturing firms in the developing context
investigated. Finally, to identify and state the dif-
ferent mitigation strategies used by manufacturing
firms in the developing context investigated without
considering the fit or matching of supply chain risks
with specific mitigation strategies. In this regard,
the question answered in this study is “ what is the
state of the supply chain risks among the Nigerian
manufacturing firms”. The state of the supply chain
risk from this context connotes its causes, impacts,
and the different mitigating strategies used to man-
age the risks with no particular interest in the fit or
matching perspectives in this study.

There have been growing research interests in supply
chain risk management among scholars in the de-
veloped countries with less focus on the developing
world’s supply chain risk management and manu-
facturing processes. This gap necessitates the need
to account for the developing countries’ context in
order to examine the peculiar attributes of the en-
vironment. Therefore, this study contributes the
following to the supply chain risk management lit-
erature. First, it explores the phenomenon of supply
chain risks emphasizing the root causes and impacts
on manufacturing firms from a developing country’s
context. Second, it investigates and highlights the
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different mitigating strategies for managing sup-
ply chain risks from a developing country context
specifically, Nigeria with no focus on fit or match-
ing dimensions. Hence, the scope of this research
study does not include the matching of supply chain
risks to their best mitigation strategies for managing
them. Third, this study answers the call of making
use of content analysis for research which is rarely
used in the field of operations management and or
supply chain management (Akkermans & Vos, 2013;
Chatha, Butt & Tariq, 2015; Flynn, Sakakibara,
Schroeder, Bates, Flynn, 1990; Meredith, 1993; Mir,
Lu, Cantor, & Hofer, 2018; Turker & Altuntas, 2014).

The rest of this paper contains the following: section
two is the literature review of this study. Section three
presents the research methodology which comprises
the instrument design, sample, data collection and
analysis methods. Section four involves the research
analysis and discussion and finally, Section five pres-
ents the summary of findings, contributions to the
literature, areas for future research and limitations.

LITERATURE REVIEW
Supply Chain Risks

Supply chain risks are adverse events that could be
anticipated or unanticipated with negative conse-
quences on supply chains (Bode & Wagner, 2015;
Hendricks & Singhal, 2003; Svensson, 2000; Tang &
Musa, 2011). The utmost outcome of supply chain
risk is the shortage of the number of goods pro-
duced and or supplied to customers compared to the
amount demanded by customers. Moreover, unex-
pected occurrences that hamper the flow of goods or
materials from reaching assigned destinations can
also be referred to as supply chain risks (Hendricks
& Singhal, 2003; Svensson, 2000). Some negative
impacts of supply chain risks have been identified
from the developed countries’ contexts (Wagner &
Bode, 2006). According to Porterfield, MacDonald
and Griffis (2012), supply chain risks have negative
effects on the stock market and operational perfor-
mance. On a similar note, supply chain risks can di-
rectly affect corporate stock prices by nearly 9 per
cent and revenue losses by 20 per cent (Benyoucef
& Forzley, 2007). In addition, supply chain risks can
have long-term negative effects on a firm’s financial
performance (Tang, 2006). The significant negative
impact of supply chain risk on customers is that the
disruption hinders the ability of producing firms
from meeting customers’ demands as at when due.

Academic scholars are often interested in risks,
risk management strategies and their categoriza-
tion over the years (Stecke & Kumar, 2009; Jittner,
2005; Chopra & Sodhi, 2004; Kleindorfer & Saad,
2005; Finch, 2004; Oke & Gopalakrishnan, 2009).
According to Guedes, Bittar, Di Serio, and Oliveira
(2015), risks are many and most commonly report-
ed supply chain risks from the developed countries’
contexts are supplier capacity not meeting demand,
raw material price increase or shortages, unexpected
changes in customer demand, delayed or damaged
or misdirected shipments and fuel price increases
or shortages. In addition to those mentioned above,
there are terrorist attacks, strikes, devaluation of
currencies, transportation delays such as port stop-
pages, accidents, poor communication, spare part
shortages, quality issues, major global economic
disruptions, natural hazards and cybersecurity fail-
ures (Blackhurst et al., 2005; Chopra & Sodhi, 2004;
Finch, 2004; Jittner, 2005; Kleindorfer & Saad,
2005; Stecke & Kumar, 2009; Tang, 2006; Worthing-
ton, Collins, & Hitt, 2009).

Hanna and Skipper (2009) in their work assert that
supply chain risks cannot be avoided because all sup-
ply chains are exposed to risks. This study deviates
from the norm by focussing on investigating the root
causes and impacts of supply chain risks from a devel-
oping country context. Stecke and Kumar (2009), em-
phasized the need to pay attention to potential risk
factors when moving manufacturing plants to devel-
oping countries’ contexts in Africa and Asia because of
the availability of low labour and materials costs. Tang
(2006) classified such developing countries’ contexts
as turbulent environments. Hence, the importance of
this study emanates from the evaluation of the causes
of supply chain risks and the potential impacts on
manufacturing firms from a developing country con-
text in Africa. This supply chain risks evaluation can-
not be underestimated.

Mitigation strategies

The efforts towards the management of supply chain
risk involve the use of mitigation strategies. Mitiga-
tion strategies are defined as strategies put in place to
manage anticipated and unanticipated risks in order
to reduce or completely eliminate their negative im-
pacts on supply chains (Norrman & Lindroth, 2004).
Therefore, it is essential for firms to adopt risk miti-
gation strategies for managing supply chain risks in
order to ensure smooth supply chain systems. Risk
management process could be expensive, challenging,
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and complex since there are different tiers in a supply
chain cutting across the downstream and upstream
stages (Bozarth, Warsing, Flynn & Flynn, 2009; Jut-
tner, 2005; Onwubolu, Haupt, Clercq, & Visser, 1999;
Tang, 2006). However, the costs of not managing risks
are higher (Benyoucef & Forzley, 2007; Macdonald &
Griffis, 2012; Tang, 2006). The achievement of resil-
ient manufacturing operations, cost minimisation and
enhanced customer satisfaction are the outcomes of
effective risk management strategies (Tang, 2006).

Extant works of literature have emphasized devel-
oped countries’ contexts specific mitigation strate-
gies. Several categorizations of risk management
strategies and philosophies have been developed
such as; robust strategies, proactive strategies, ad-
vance warning strategies, supply management strat-
egies, demand management strategies, collaboration
and co-operation philosophy, contingency tactics,
distributed problem solving philosophy, information
management strategies, supply chain agility philos-
ophy, coping strategies, and product management
strategies (Braunscheidel & Suresh, 2009; Beske
et al., 2014; Chan & Chan, 2004; Stecke & Kumar,
2009; Rudberg & Olhager, 2003; Tang, 2006; Tang &
Musa, 2011; Wiengarten et al., 2016; Tomlin, 2006).
Specifically, some of these mitigation strategies are;
postponement, strategic stock, flexible supply base
/ multiple sourcing, outsourcing, economic supply
incentives, flexible transportation, revenue manage-
ment, dynamic assortment planning, silent product
rollover, safe locations and multiple facilities (Chris-
topher & Lee, 2004; Blackhurst et al., 2005; Hanna
& Skipper, 2009; Tang, 2006; Lee & Billington, 199;
Johnson, 2001). All these studies were carried out
in developed countries. Hence, the need to be aware
of the mitigation strategies that are used by firms in
the developing countries’ contexts. The evaluation of
the current mitigation strategies used by the manu-
facturing firms in Nigeria will establish if the strate-
gies in use are adopted and adapted or created to suit
the types of supply chain risks experienced. There-
fore, this study hopes to bridge the research gap by
concentrating on identifying supply chain risks and
various mitigating strategies used to manage them
from the Nigerian manufacturing perspective with
no specific attention to the fit of risks with mitiga-
tion strategies.

Manufacturing in developing countries

According to Bozarth et.al. (2009), it is not the geo-
graphical location that influences the performance

of a plant when compared with other plants but the
suppliers’” ability to deliver as at when due. In op-
position to this view, Bruun and Mefford (1996) as-
serted that every production system should be tai-
lored to its environment. For instance, just-in-time
(JIT) production system may be inappropriate for
developing countries because of certain environ-
mental requirements (Oral, Mistikoglu, & Erdis,
2003). This may be partly because of low connec-
tivity, poor information technology and the limited
number of people trained to use such technology
(Basu, 2004; Dada, 2006). According to Seuring
& Miiller (2008), in order to achieve a sustainable
supply chain, both environmental and social factors
should be put into consideration, albeit the ability
to make profit is determined by being able to add
value to customers consistently.

Some of the attributes of developing countries such
as high inflation rate, high interest rate, high costs
of technology, high costs of quality systems, low la-
bour costs, high costs of training, high power dis-
tance culture, high uncertainty avoidance culture,
few numbers of domestic suppliers among others
(Oral, Mistikoglu, & Erdis, 2003). Consequently,
these unique attributes of developing countries
could have interaction effects with supply chain
risks, thereby increasing the degree of severity of
supply chain disruptions. Moreover, environmental
risk sources are external conditions that impact the
supply chains negatively such as political instability,
macroeconomic uncertainties, shifts in government
policies, social uncertainties and natural uncertain-
ties (Jiittner, 2005; Miller, 1992; Miller, 1993; Rao
& Goldsby, 2009). It has been found that political
instability, macroeconomic uncertainties, shifts in
government policies and social uncertainties are
common attributes of most developing countries
(Feng, 2001; Serven, 2002). Hence, the need to put
these factors into consideration when adopting
strategies from the developed country contexts.

Bruun and Meffford (1996) confirmed that little or
no attention is given to the environment’s unique
attributes in developing countries in strategy adop-
tion rather strategies are made to conform to those
of other industrial countries. This depicts that de-
spite the unique attributes of developing countries,
strategies are adopted blindly with little or no con-
sideration for the environmental implications. It
is important for developing countries to imbibe re-
search and development strategies that are creative
and adapted to their specific business environments
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(Kumar & Saqib, 1996). Oyelaran-Oyeyinka, Ladi-
tan & Esubiyi (1996) emphasized that the Nigerian
industries have the adaptive innovation to account
for the bulk of technological change processes.
Whereas in actual sense, it is better for the Nigerian
manufacturing companies to use creative mitigation
tactics that are unique to the environment rather
than adopting the tactics used for mitigating supply
chain disruption in the developed world. This is be-
cause generally, the unique attributes of the devel-
oping countries (Juttner, 2005) would have a way of
increasing the severity of supply chain disruptions
on firms’ performance and the manufacturing sec-
tor as a whole.

RESEARCH METHODOLOGY

An exploratory qualitative research methodology,
specifically multi-case study is used in this study.
There were little or unknown research studies on
supply chain risks and management in the develop-
ing countries’ contexts literature. This necessitates
the exploratory nature of the study and it is recom-
mended in production and operations management
(POM) research (Akkermans & Vos, 2013; Flynn et
al. 1990; Meredith 1993). The case study method is
an important research for exploratory qualitative
research studies (Yin, 1989; Eisenhardt, 1989). A
case study involves comprehensive and exhaustive
analysis of respondents in their natural institu-
tional and social work areas (Ghauri & Gronhaug,
2005). The choice of the qualitative research meth-
od is based on the purpose of the research, which is
to carry out an in-depth study on supply chain risk
and its management from the Nigerian manufac-
turing perspective. This qualitative research method
accounted for the choice of a semi-structured inter-
view, a purposive sampling technique and open-
ended questions for data collection. Open-ended
questions are provided in order to allow the supply
chain managers or equivalent managers to express
their thoughts without restraints. The use of face-
to-face interview as the data gathering tool ensures
clarity of responses from respondents through clar-
ifications and detailed explanations (Forza, 2002;
Saunders, Lewis, & Thornhill, 2003).

Some previous works on supply chain risks made use
of the case study approach (Blackhurst et.al, 2005;
Oke & Gopalakrishnan, 2009) where retail and au-
tomotive supply chains were the focus respectively.
Gimenez (2005), on the other hand, used a multiple-
method approach, that is, the survey and the case

study methods (as complementary approaches) for
investigating the SCM-performance relationship.
Jittner (2005) made use of the explorative quanti-
tative survey method such as postal questionnaires
along with a focus group for obtaining data from se-
nior-level supply chain management professionals.
Sun, Hsu, and Hwang (2009) conducted a survey
method for obtaining data from the manufactur-
ing companies in Taiwan. In addition, Wagner and
Bode (2006) made use of the cross-sectional sur-
vey for collecting data from top-level executives in
logistics and supply chain management positions
in Germany. However, because of the need for an
in-depth understanding of the supply chain risk
phenomenon from the points of view of the par-
ticipants in their particular social and institutional
work settings, the multiple case research methodol-
ogy is found suitable for this study. This qualitative
research method helped in examining the overall
picture of the causes, impacts of supply chain risks
and the risk management methods among manu-
facturing firms in Nigeria.

Instrument Design

The research instrument used in this study is an
interview guide. The interview guide consists of
standardized and pre-arranged open-ended ques-
tions that help in data gathering from different re-
spondents (Kotzab, 2005). A brief introduction on
the aim of the research and the definition of the key
subject “supply chain risk” was given in the guide.
This was to ensure that the respondents have the
good understanding of the phenomenon under
consideration. All the questions in the interview
guide were coined from extant studies (Craighead
et.al, 2007; Elkins, Handfield, Blackhurst & Craig-
head, 2009) but rephrased in order to ensure that
the uniqueness of the study under consideration is
ascertained based on the recommendations from
academic and management experts. This prior con-
sultation with academics and managers in the area
of supply chain management helped in refining the
interview guide to suit the context investigated.

The interview guide in all contains three questions
which are divided into three segments. One of the
segments is related to identifying the causes and
impacts of supply chain risk. The second segment
was related to the identification of the mitigation
strategies for managing supply chain risks. The
third segment is focused on the personal details of
the respondents.
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Sample, data collection and validation

The manufacturing firms chosen are publicly quoted.
The publicly quoted manufacturing firms are chosen
because they are regulated by the Security and Ex-
change Commission (SEC) in Nigeria. This regula-
tory body requires the firms to observe certain pro-
cedures and as such, they are highly monitored. This
tends to increase the quality of data obtained for
the study. There are 3 different manufacturing sub-
sectors among the publicly quoted firms sampled
which are Conglomerates, Pharmaceutical & Health
and Food & Beverage. A total of ten manufactur-
ing firms were analysed in all which is adequate to
give a detailed understanding of the supply chain
risk phenomenon. Moreover, qualitative researches

emphasize the detailed and in-depth study of small
samples because relevance is given priority above
representativeness. (Flyvbjerg, 2006).

Most of the firms are major players in their re-
spective sub-sectors. The approximate size of the
firms (using employees’ size) ranges from 200 to
4000 in number (Table 1). The respondents’ desig-
nations cut across four major positions which are
operations, logistics, supply chain and purchasing
departments. This is the case because of the absence
of distinct department called supply chain depart-
ment or properly defined job titles in some of the
firms. The years of experience of the respondents
in their respective positions ranges from at least 10
months to 10 years.

Table 1. Characteristics of the manufacturing firms and respondents

NUMBER OF APPROXIMATE OWNERSHIP
RESPONDENT’S
FIRMS YEARS IN SUB-SECTOR SIZE OF COMPANY STRUCTURE OF
DESIGNATION
POSITION (EMPLOYEES SIZE) COMPANY
. Joint venture but
Purchasing .
A 7 years Food & Beverage >1000 mainly locally
Manager
owned
Supply chain .
B 4 years Food & Beverage 200 Joint venture
manager
C Head logistics 7 years Food & Beverage 1200 Joint venture
Head of Pharmaceutical & .
D . 5 years 465 Joint venture
operations Health
o Pharmaceutical & .
E Logistics manager 8 years 500 Joint venture
Health
Purchasing Pharmaceutical &
F 3 years 263 Wholly local
manager Health
G Logistics manager 10 months Conglomerate >1000 Joint venture
) Joint venture but
Supply chain .
H 3 years Conglomerate >3000 mainly locally
manager
owned
Supply chain Joint venture (51%
I 8 years Conglomerate 1200 .
manager foreign,49% local )
Purchasing Joint venture (70%
J 10 years Food & Beverage 4000 .
manager foreign,30% local)
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The manufacturing firms are given pseudonyms in
order to maintain their anonymity. The firms are
named in alphabetical order based on their real
names. They are also named using alphabets from
A to J. At least one firm was chosen from the sub-
sectors under consideration. One of the criteria
used for choosing the firms is based on the years
of operation. Manufacturing firms with long years
of existence, that is, at least a decade are the ones
selected. Such firms tend to have well-established
supply chain process and have a good understand-
ing of the phenomenon under consideration based
on experience. Another criterion used in choosing
the firms is based on the firms’ focus on Fast Mov-
ing Consumer Goods (FMCGs). FMCGs are prod-
ucts with an expected high rate of turnover, there-
fore firms that produce such goods are expected to
have well-established supply chain process from
suppliers through to end consumers (Ghosh, 2015).
In addition, FMCG supply chain is an amalgam of
intertwined parties such as suppliers, manufactur-
ers, logistics service providers, warehouses, distrib-
utors, wholesalers, retailers and consumers.

An important means of validating the data, that is,
ensuring credibility in a qualitative research is through
the use of a suitable sampling technique (Long &
Johnson, 2000). The study was conducted through
ten supply chain managers or equivalents from the
manufacturing firms selected. This sample size of re-
spondents is credible as respondents are chosen based
on purposive sampling technique which allows for
concise information to be obtained which translates to
quality data, hence, the credibility of this study (Jette,
Grover & Keck, 2003; Juttner, Peck, & Christopher,
2003; Taps & Steger-Jensen 2007; Morse, 2000 ). In
agreement with the aforementioned, eight or fewer
informants provide theoretical saturation in a qualita-
tive study (Strauss & Corbin, 1998).

The interviews began with some sets of open-ended
questions from the interview guide. Respondents
were probed and encouraged to provide detailed
explanations and clarifications where necessary
(Harris & Brown, 2010). The idea at the outset was
to tape the interview sessions but because of the
firms’ refusal of the audio recording method, the
text documenting method was resorted to. Most of
the respondents explained that the interview ques-
tions were strategic. Due to this consistent claim,
the respondents were assured of using the data for
research purpose only, the confidentiality of their
personal details and that of their firms in order to

ensure trust. This made the respondents more com-
fortable with the research and thus, helped in get-
ting better responses from them. An average inter-
view session lasted for about 2.5 hours.

RESEARCH ANALYSIS AND
DISCUSSION

For the research analysis, the manual method is
used for coding and analyzing the data collected
through the interviews conducted. The use of the
manual method is justified since the researcher is
responsible for choosing the codes, themes and con-
cepts based on the available data from outset (Ber-
nard, 2013). This is necessary since the researcher
is familiar with the data and is responsible for se-
lecting the appropriate codes. Hence, personal in-
volvement of the researcher is key to ensuring good
analysis at the different phases from data collection
through to analysis (Ghuari & Gr¢nhaug, 2005;
Kotzab, Seuring, & Miller & Reiner, 2005).

Four basic stages are followed in this study. Stage
one involves transcribing of the semi-structured in-
terview by summarizing the transcripts. In stage two,
texts were coded by breaking down, examining, com-
paring, conceptualizing of data that yielded concepts
that were further categorised. In stage three, three
themes were established for each category of data
collated by linking similar concepts after compari-
son. The final stage is composed of linking themes
with some important quotations from respondents
that were selected to support points for presentation
in clear, coherent and concise manner (Eisenhardt &
Graebner, 2007; Eisenhardt, 1991). In this study, the
coding process is based on the themes established
(Irvine, Warber, Devine-Wright, & Gaston, 2013).
There are three established themes from the work
which are particularly related to the important con-
cepts in this research work which are: first, the causes
of supply chain risk; second, mitigating strategies
for managing supply chain risks and third, impacts
of supply chain risks.

Thematic Analysis and Findings

In this study, quasi-statistics as a content analysis
technique is used (Hsieh & Shannon, 2005). The
quantitative content analysis approach involves an-
alyzing texts in quantifiable forms and this method
has been used in several studies (Cho & Lee, 2014;
Harwood & Garry, 2003; Krippendorf, 2013; Lock
& Seele, 2016; Priest, Roberts & Woods, 2002). This
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method of analyzing qualitative research involves
examining the frequency of repetition of concepts
or terms from the different responses of the re-
spondents (Becker, 1970; Holder-Webb, Cohen,
Nath & Wood, 2009; Wu, 2008). Word counts as
a quasi-statistics and a summative content analy-
sis technique bring out the number of times of oc-
currence of ideas and their patterns in field notes
and responses to open-ended questions (Denzin,
2005; Hsieh & Shannon, 2005). In this study, “word
count” is used to analyse the responses under the
three major themes.

Theme 1: Causes of Supply Chain Risks

A proactive investigation and examination of poten-
tial supply chain risks in an environment is a justifi-
able step towards their effective supply chain risk

management. This is based on the logical perspec-
tive that there is no need waiting for occurrences
of disastrous events before preventive mechanisms
can be put in place. Hence, using the information
obtained from the interviews conducted in the ten
manufacturing firms, there are a number of supply
chain risks that are predominant in the developing
country context investigated, which are; variation
in raw material prices and quantities, transporta-
tion delays such as port delays, unexpected changes
in customer demand, constant power outage and
related variation in fuel price and quantity, poor
communication and poor visibility of the supply
chain, quality issues, accidents, political instability,
seasonality of inputs, devaluation of currencies that
negatively affects the price and schedule of import-
ed raw materials, natural disasters, strikes and ma-
jor global economic disruptions such as recession.

Table 2. Manufacturing Firms Responses to Causes of Supply Chain Risk

SUB-SECTORS
R Pharmaceutical & Total in Agreement
Conglomerate (%) Food & Beverage

Health (%) (%)
a .supplier capacity not 20 20 0 0
meeting demand
b. variation in raw mate- 30 10 20 60
rial prices and quantities
c. unexpected changes 2 2 10 50
in customer demand
d. incessant power out- 05 40 20
age
e. variation in fuel price 0 30 30
and quantity
f. terrorist attack 0 10 0 10
g. strikes 0 10 10
h. devaluation of curren- - 0 -0
cies
i. transportation delays 15 40 70
j-accidents 0 10 10
k. natural disasters 10 0 10
l. poor communication 10 10 20
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m. theft 0 0 0
n. quality issues 10 20 10 40
o.major global economic

. . 10 10 20
disruptions
p .political instability 20 20 40
q.fire 0 0 0
r. seasonality of inputs 10 0 10
s. hoarding of inputs 0 0 0

Based on the frequency of occurrence, among the
causes of supply chain risks identified, transporta-
tion delays, constant power outages, variation in
raw material prices and quantities, and unexpect-
ed changes in customer’s demand have the lead-
ing counts of 70%, 70%, 60% and 50% respectively
based on the informants’ responses. These are fol-
lowed by supplier’s capacity not meeting demand
and political instability based on the manufactur-
ing firms analysed (Table 2). Some of the key re-
spondents asserted the following: respondent A
from firm A explained that “transportation delays
are caused by bad roads and poor road networks and
that raw materials are delayed because of transpor-
tation issues”. Respondent C from firm C also puts
forward that “poor power supply leads to increase
in the use of diesel for generating sets coupled with
exorbitant bills from the institution in charge of
public electricity supply in Nigeria”. Respondent
F from company F stated that “transportation of
raw materials from Lagos port takes a whole day
because of bad roads and poor road networks.” Re-
spondent G from firm G said that “we experience a
sudden surge in demand and incorrect information
about orders leading to stock-outs” Respondent J
from firm J mentioned that “seasonal availability
of raw materials and frequent changes in prices are
disruptive to production as a manufacturing firm.”

This exposition also revealed that transportation de-
lays and incessant power outages (Table 2) are the
major causes of supply chain risks among the Ni-
gerian manufacturing firms considered followed by
variations in raw material prices and quantities and
unexpected changes in customers’ demand. Terrorist
attack, strikes, accidents and the seasonality of in-
puts are the least causes of supply chain risk respec-

tively. Some of the specific kinds of transportation
delays accounted for involve shipment delays due
to trans-shipment, poor road network nationwide,
unnecessary delays at the port such as port clear-
ance delay, long distances of sources of raw materi-
als among others. The type of transportation delays
with the highest prominence among the listed are
the port delays according to the respondents. Inad-
equate power generation and vandalism are some of
the factors responsible for the poor power supply in
the country. Some of the respondents opined the fol-
lowing: respondent B from firm B stated that “port
delays caused by poor documentation and bureaucra-
cy result in demurrage, delayed production and dis-
gruntled customers”. Also, respondent G from firm G
explained that “transportation delays and constant
poor power supply are the major factors that affect
production in the firm”

Theme 2: Impacts of supply chain risks

The attention to impacts of risks on performance
is gaining prominence among academics and pro-
fessionals (Hanna & Skipper, 2009: Hendrick &
Singhal, 2003; Hendrick & Singhal, 2008; Hen-
drick, Singhal, & Zhang, 2009). This serves as a
motivating factor towards employing prompt re-
sponses to supply chain risks by making use of
effective supply chain risk management strate-
gies. Based on the interviews conducted in this
study, the impacts of supply chain risks in Nigeria
are:production delays, inability to meet custom-
er’s demand, forfeited opportunities in markets,
negative stock market responses and reduction
in shares value, increased production costs, stock
out, quality compromised goods, and vulnerabil-
ity/exposure of the supply chain.
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Table 3. Manufacturing Firms Responses to Impacts of Supply Chain Risk

SUB-SECTORS Total in
Impacts of Supply Chain Risks Pharmaceutical & Food & Beverage | agreement
Conglomerate (%) .
Health (%) (%) (%) (%)
a. production delays 15 25 50 20
b. corporate and network wide risk
10 0 0 10
exposure
c. reduction in shares value 20 0 10 30
d. influx production of qualit
p. d Y 20 30 20 70
compromised goods
e.increase in costs 20 20 20 60
f. inability to meet customer’s demands 35 30 35 100
g. stock outs 30 20 10 60
h. ineffective decisions 0 0 0 0
i. forfeited market opportunities to
- 20 35 35 90
competition

Using the word counts method, the impacts of sup-
ply chain risks in the Nigerian manufacturing firms
based on the study at hand revealed that production
delays, influx of quality compromised goods, inabil-
ity to meet customer’s demand and forfeited op-
portunities in the market to competition with 90%,
70%, 100% and 90% frequency in percentages are
the major impacts of supply chain risks respectively
(Table 3). Quality compromised goods are goods
that do not meet the stipulated quality standards.

The impacts of supply chain risks with the least
counts are entire supply chain risk exposure, negative
stock market responses and the reduction in shares
value. The problem of unavailability of raw materials
for production will result in production delay and in-
ability to meet customers demands as at when due.
This results in the loss of market share to counterfeit
products because of porous borders. Some respon-
dents put forward the following views: respondent
F from firm F explained that “power issues increase
their production costs since the firm relies on gen-
erators most of the time as an alternative source of
power”. Respondent I from firm I stated that “ con-
stant fluctuating and low voltage of power damaged

the expensive, major production machinery that was
imported from Germany causing outright produc-
tion delay and inability to meet orders”. In addition,
respondent E opined that “ the use of an indepen-
dent source of power by the firm for an average of
8-10 hours a day adds to the overhead costs”

Theme 3: Mitigation strategies for man-
aging supply chain risks

Mitigation strategies help firms to reduce costs, im-
prove customer satisfaction and ensure sustainable
manufacturing operations (Tang, 2006). Based on
the face to face interview conducted with respon-
dents, the mitigation strategies for managing supply
chain risks in manufacturing firms in Nigeria are:the
use of control systems, multiple sourcing strategy,
the use of strategic stocks, flexible transportation,
monitoring trends, outsourced manufacturing, col-
laborative planning with supply chain partners, sup-
ply chain redesigning, secured communication links,
increasing transportation viability,choice of safe lo-
cations, enhanced visibility and communications,
and the use of multiple facilities.
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Table 4. Manufacturing Firms Responses to Mitigation Strategies for Managing Supply Chain Risks

SUB-SECTORS
Mitigation Strategies Pharmaceutical & | Conglomerate | Food & Beverage Totr:Ieinnta(lzor)ee-
Health (%) (%) (%)

a. control systems 20 10 20 50
b. supply chain redesign 10 10 20 40
c. awareness, prevention, remediation

and knowledge management 20 0 20 40
d. Multiple sourcing strategy 30 35 35 100
e. postponement 0 0 0 0
f. strategic stock 20 20 30 70
g.flexible transportation 20 0 40 60
h. silent product rollover 0 0 0 0
i.safe locations 10 0 0 10
j.secured communication links 10 0 10 20
k. enhanced visibility and coordination 10 0 10 20
Lincrease transportation viability 10 10 20 40
m.monitoring trends 15 15 40 70
n.multiple facilities 0 0 10 10
o.outsourced manufacturing 15 30 20 65
p.influence customers’ choices 0 0 0 0
g.product variety 0 0 0 0
r. collaborative planning 0 20 20 40

Using the quasi-statistics, among the mitigating
strategies employed in the Nigerian manufacturing
firms, both multiple sourcing strategy and outsourced
manufacturing are most prominent with 100% and
75% counts in agreement with these strategies re-
spectively. These are followed by the use of strategic
stock, monitoring of trends and flexible transporta-
tion respectively (Table 4). On the other hand, the
use of postponement, silent products rollover, in-
fluencing customers’ choices and product variety
strategies are the least adopted strategies among the
Nigerian manufacturing firms. The prevalence in the
use of multiple sourcing strategy among the manu-

facturing firms is because of unavailability of locally
sourced raw materials. Outsourced manufacturing is
also becoming common as a risk management strat-
egy to reduce the negative impacts of constant power
outage and transportation issues associated with in-
bound logistics. Some of the respondents stated the
following: respondent D from firm D explained that
“as a firm, they encourage the use of many suppliers
because they do not want to depend on only one sup-
plier in order to prevent stock out and raw materials
are rationed among the suppliers based on availabil-
ity” Also, respondent E from firm E mentioned that
“they outsource production to a Chinese firm and
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import the finished products back in the country be-
cause it was realized that it is cheaper for to manage
instead of experiencing incessant power outages and
poor local supplies of raw materials locally”. Respon-
dent G from firm G explained that “in their firm, they
hold up to 1-3months stocks of raw materials in the
warehouse on a constant basis to ensure continuous
production”.

SUMMARY OF FINDINGS AND CON-
CLUSIONS

In this qualitative study, the causes of the supply
chain risks have been enumerated based on the
sampled manufacturing firms in Nigeria. In addi-
tion, the impacts of the supply chain risks and the
mitigating strategies used to manage these risks
have been investigated. In concluding the study,
the findings from the work are summarized in or-
der to indicate the areas of contribution to existing
literature, limitations, practical implications and fi-
nally, the areas for further research are stated.

Summary of Findings and Contributions

This research study has investigated the causes, im-
pacts and the strategies adopted to manage supply
chain risks from a developing country context espe-
cially in Nigeria. The need for this study arose from
the fact that most of the studies addressing sup-
ply chain risks are concentrated on the developed
countries’ contexts (Bode & Wagner, 2006; Bode &
Wagner, 2008; Oke & Gopalakrishnan, 2009). This
study is carried out in order to fill this gap by con-
centrating on a developing country, that is, Nigeria.
Therefore, this study investigated and enumerated
the main causes of supply chain risks, their impacts
and the mitigation strategies for managing supply
chain risks.

From extant literatures, causes of supply chain risks
are vast ranging from man-made, natural, firm in-
ternally generated and externally generated risks
such as supplier capacity not meeting demand,
unexpected changes in customer demand, terror-
ist attack, strikes and natural disasters and excess
machine downtime (Blackhurst et al., 2005; Klein-
dorfer & Saad, 2005; Tang, 2006; Stecke & Kumar,
2009; Worthington et al., 2009).

Consequently, in a bid to contribute to extant lit-
erature and the need to focus study on the develop-
ing countries in the area of supply chain risk, an in-

depth qualitative study of ten manufacturing firms
in Nigeria produced the following findings; that the
causes of supply chain risks common to the Nige-
rian manufacturing firms are not different from
those experienced in developed countries except for
transportation delays emanating from port delays,
bad roads, poor road networks and poor power sup-
ply. Among the supply chain risks in this developing
country context, transportation delays, variations
in raw material prices and quantities, constant pow-
er outage and unexpected changes in customers’
demand are the major causes of supply chain risks
among manufacturing firms. In comparison with
the extant literature from developed countries con-
texts, transportation delays and incessant power
outage are the peculiar causes of supply chain risks
in this developing context.

The impacts of supply chain risks from developing
countries’ contexts are in congruence with those
from the Nigerian manufacturing context such as
the inability to match the demand of the market
to that supplied by a manufacturing firm, stock-
outs and quality issues ( Benyoucef & Forzley,
2007; Hendricks & Singhal, 2008; Porterfield et al.,
2012; Tang, 2006). However, our findings showed
a certain deviation from the developing countries’
context which is the influx of quality compromised
goods or counterfeit brands as the unique impact of
supply chain disruptions because of the country’s
porous borders. Furthermore, the influx of quality
compromised goods, production delay and inability
to meet customer’s demands are the major negative
effects of supply chain risks in Nigeria.

An exhaustive research on mitigation strategies re-
vealed that the mitigation strategies employed to
manage supply chain risks from extant literature
and mostly from the developed contexts are simi-
lar to those used in the developing country inves-
tigated such as multiple sourcing strategy, safety
stock, postponement and strategic stock (Choi &
Liker,1995; Craighead et al., 2007; Lee & Billington,
1993; Lee & Christopher, 2004; Stecke & Kumar,
2009; Tang, 2006). However, among the mitigation
strategies, the most popular mitigation strategies
employed in the Nigerian manufacturing firms, in-
clude; multiple sourcing strategy and outsourced
manufacturing whereas the least employed strate-
gies are postponement, silent products rollover and
influencing customers’ choices. In comparison to
the developed contexts, outsourced manufactur-
ing is now trending in the manufacturing sector
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because of the prevalent issues of transportation
delays, constant power outages and the associated
costs. Interestingly, the use of multiple sourcing
strategy and outsourced manufacturing is common
to all the manufacturing sub-sectors selected.

It has been confirmed in extant researches that
the occurrence of supply chain risks is inevitable
(Hanna & Skipper, 2009). Thus, this study has cre-
ated more insights and awareness for incumbent
manufacturing firms to know the causes of supply
chain risks, the possible impacts and the mitigating
strategies that can be used in managing the supply
chain risks in Nigeria. On the other hand, it has also
created an eye-opening information for potential
entrants into manufacturing businesses to be aware
of the possible supply chain risks that are prevalent
among manufacturing firms in Nigeria. Therefore,
this study will help manufacturing firms to be pro-
active in combating supply chain risks in Nigeria.

In general, this study contributes to the literature
by concentrating on a developing country context
and by examining the phenomenon ‘supply chain
risk’ in the following ways: First, this study elabo-
rates the causes of supply chain risk, the impacts
of supply chain risks and the mitigating strategies
in the Nigerian manufacturing firms. Second, this
study shows some similarities between the develop-
ing and developed countries’ contexts on the causes
of supply chain risks, their impacts and the mitigat-
ing strategies for managing risks. Third, some pe-
culiar causes and impacts of supply chain risks are
highlighted in the study. To elaborate further, the
occurrence of transportation delays are prominent
in Nigeria because of excessive focus on road trans-
portation, bad roads and associated inadequate
road networks. Also, the problem of incessant
power outages is common. Hence, these two fac-
tors contribute to the increased trend in the use of
outsourced manufacturing as a mitigation strategy
among the manufacturing firms. Since outsourced
manufacturing allows firms to contract production
to other firms who have expertise in managing the
supply chain issues efficiently locally or in a geo-
graphical location where the supply chain risks are
not existing. This is because the high cost of truck
maintenance due to bad roads and independent
power supply will increase the overhead costs of
production. In addition, the influx of quality com-
promised goods that are imported or find their way
in through the porous borders or those internally
produced from poor quality raw materials in the

country is a unique impact of supply chain risks in
Nigeria. It was also confirmed that the mitigation
strategies used by manufacturing firms considered
in this study to manage supply chain risks are ad-
opted from the developed countries. This confirms
the assertion by Bruun and Meffford (1996) that
developing countries do not create strategies but
mostly adopt and conform strategies used in devel-
oped countries to their environments.

In this study, we had certain limitations common to
other research studies. First, the number of manu-
facturing firms interviewed was just ten. This is a
small number compared to the number of manu-
facturing firms in Nigeria. On the other hand, the
number is justified in that a qualitative study is
about an in-depth study of a phenomenon (in this
case, supply chain risk). Second, only one respon-
dent was interviewed per manufacturing firm. This
is sufficient in so much that the purposive sam-
pling technique is used in this study. This is because
the best informants that are knowledgeable with
the valid assessment of the supply chain risk phe-
nomenon are the supply chain managers or their
equivalent managers in this regard (Juttner, Peck
& Christopher, 2003; Jette, Grover & Keck, 2003).
Third, all the manufacturing companies selected are
situated in Lagos State, Nigeria. This is justifiable
because most of the vibrant manufacturing firms
in Nigeria have their Head Offices in Lagos because
of its commercial inclination. Therefore, the manu-
facturing firms in Lagos are good representatives of
the firms in Nigeria. Fourth, the data collection via
interview mode was the only method used beacause
archival data on the phenomenon investigated were
not available. Also, the generalizability of this study
is limited since the developing country context in-
vestigated is only Nigeria.

Finally, this study puts forward possible areas for
further research. First, this qualitative study could
be analysed by using other quantitative techniques.
Similar studies could also be carried out in other de-
veloping countries’ contexts for the basis of com-
parison. Second, the unique supply chain risks to
the manufacturing sub-sectors could be analysed.
Third, it could be interesting to find out which in-
dustry is more prone to supply chain risks. Fourth,
the effects of the mitigating strategies could be
quantified in terms of the benefits and costs. Also,
the fit of the mitigation strategies to specific supply
chain disruptions could be analysed in this context.
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DO ANALYTICALLY-ORIENTED SUPPLY CHAINS
BETTER MANAGE RISKS?

ABSTRACT

Risk management has emerged as a field of operations management research due
to the greater exposure of organizations to internal and external risks, as a result of
globalization, outsourcing, reduction in the number of suppliers, and the need to im-
prove cost and inventory management. Although this subject has received attention
in recent years, the relationship between analytical orientation and supply chain risk
management is little explored. Thus, this research verifies the impact of analytical ori-
entation over supply chain risk management. A questionnaire was applied with micro,
small and medium-sized firms of Brazilian Southeast region, obtaining 111 responses.
The structural equation modeling was used for analysis and the main conclusions in-
dicate that analytical orientation has a strong and significant impact over supply chain
risk management. In this sense, those supply chains that are more analytical manage
their risks better, resulting in lower perception of uncertainty.
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INTRODUCTION

In today’s turbulent and uncertain environment, ev-
ery company in the supply chain is susceptible to an
endless number of events that can disrupt or inter-
rupt its operations (Pettit, Fiksel, & Croxton, 2010;
Ponomarov & Holcomb, 2009; Scavarda, Ceryno,
Pires, & Klingebiel, 2015; Sheffi & Rice Jr., 2005;
Skipper & Hanna, 2009). Knowing that these events
affect performance and can be devastating to the
members of the chains (Blackhurst, Craighead, El-
kins, & Handfield, 2005; Chen, 2018), the discussion
about risk management in supply chains has grown
globally both in the academic and professional arena
for its potential to protect companies and chains
from the negative effects of internal and external
risks (Aglan & Lam, 2015; Fahimnia, Tang, Davar-
zani, & Sarkis, 2015; Fan & Stevenson, 2018; Jiit-
tner, Peck, & Christopher, 2003; Mohammaddust,
Rezapour, Farahani, Mofidfar, & Hill, 2017).

Although the literature explores several factors as
drivers of risk management efficiency, such as vis-
ibility, collaboration and flexibility (Kilubi & Haa-
sis, 2015; Lavastre, Gunasekaran, & Spalanzani,
2012; Li, Fan, Lee, & Cheng, 2015; Nooraie & Parast,
2015; Tang, Matsukawa, & Nakashima, 2012; Tang
& Musa, 2011; Thun & Hoenig, 2011; Wiengarten,
Humphreys, Gimenez, & Mclvor, 2016; Zhao, Huo,
Sun, & Zhao, 2013), the impact of the chains’ abil-
ity to collect, analyze and transform data into use-
ful knowledge, in order to make decisions based on
facts and data, that is, to be analytically oriented,
is a point not yet explored in the literature when it
comes to the use of this analytical capabilities to op-
timize risk management results.

The analytical approach involves the use of fact-
based management to guide management decisions
and actions (Ladeira et al., 2016). In this sense, be-
ing analytical allows companies to maximize deci-
sion-making processes by developing the organi-
zation’s analysis and response capacity, providing
better results, and generating value and efficiency
in decision-making (Davenport, 2006; Davenport,
Harris, De Long, & Jacobson, 2001; Laursen & Thor-
lund, 2010).

Therefore, analytical chains are those that provide
members with useful information, compiled from
the immensity of data collected, which facilitates
decision-making (Sahay & Ranjan, 2008). In this
sense, it is understood that if the chain is analyti-
cally oriented, it will be more efficient in identifying,

evaluating, and devising strategies to mitigate and
control risks, avoiding the negative impact of un-
wanted events.

Thus, the present research has one main objective:
verify the impact of supply chains analytical orien-
tation on supply chain risk management (SCRM).
The following aspects are also explored: a) the uncer-
tainty perception according to both, analytical ori-
entation and risk management levels; b) the levels of
analytical orientantion and supply chain risk man-
agement considering firms size.

By proposing and testing a model to verify the ex-
istence of a relationship between these two impor-
tant and emerging topics in the current literature,
the research aims at presenting elements that will al-
low organizations to increase the efficiency of their
risk management efforts, avoiding the negative ef-
fects that disruptive and disturbing events may en-
tail. Moreover, we propose that chains with higher
levels of analytical orientation and better risk man-
agement process tend to perceive less uncertainty in
relations amongst their members. We also aimed at
contributing with scales used to measure these two
emerging constructs in the literature.

After this brief introduction, the theoretical frame-
work will be presented, conducting a discussion on
risk management, followed by an approach involv-
ing analytical orientation in supply chains. In the se-
quence, a conceptual model will be proposed to veri-
fy the constructs’ relations. Finally, reflections about
the model, data analysis and conclusion, as well as
research limitations and suggestions for future stud-
ies are presented.

LITERATURE REVIEW

The theoretical framework will address the issues
of supply chain risk management, analytical supply
chains, uncertainty and the construction of research
hypotheses.

Supply chain risk management

Organizations have realized the need to manage
risks in order to mitigate and prevent them for some
time. Despite its relevance, management of supply
chain risks is still an unexplored issue in the Brazil-
ian scenario and relatively new on the world stage
(Tomas & Alcantara, 2013; Oliveira, Espindola, &
Marins, 2017, Fan & Stevenson, 2018).
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Supply Chain Risk Management (SCRM) consists of
identifying, assessing and controlling internal and
external risks that may affect chain performance to
eliminate or reduce the likelihood or impact of events
that may disrupt the operations of chain members
(Juttner, Peck, & Christopher, 2003; Sodhi, Son, &
Tang, 2012).

Unlike traditional risk management, focused on the
organizational level alone, SCRM understands that
links make organizations dependent on one another
and therefore assumes a wider perspective consider-
ing the sources of vulnerabilities. Thus, it is focused
on the risks associated with the chain, as well as how
collaboratively chain participants can manage them
(Hallikas, Karvonen, Pulkkinen, Virolainen, & Tuom-
inen, 2004; Thun & Hoenig, 2011). In sum, manage-
ment of risks in supply chains is constituted by the in-
tersection of theories of risk management and supply
chain management (Zsidisin & Ritchie, 2009).

According to Lavastre, Gunasekaran and Spalanzani
(2012), SCRM is the combination of three elements:
the risk attitude, the instruments used in manage-
ment, and the techniques used to minimize them.
The authors’ study pointed out that organizations,
when confronted with risks, seek to manage them
along with other members of the chain. Thus, trans-
ferring the risk and managing it individually, are
strategies with little acceptance by managers, con-
sidering the French companies studied.

Though being a recent issue, it can be said that there
are four main stages of SCRM, typical in most of the
literature, namely: (1) risk identification, (2) risk as-
sessment, (3) risk control, 4) risk monitoring. We
will define each of them below.

(1) Risk identification: Fundamental and initial
phase of risk management in supply chains. The risk
events can be identified on an individual company
or in chain relationships. Since they may interrupt
or disrupt the operations of members of the chain,
it is necessary to evaluate them and propose strate-
gies to manage them (Aglan & Lam, 2015; Hallikas
et al., 2004; Norrman & Jansson, 2004; Tummala
& Schoenherr, 2011; Zsidisin & Ritchie, 2009). It is
also necessary to identify the connectivity between
risks, considering that approaching them individu-
ally and developing strategies to mitigate specific
risks can increase the probability and the impact of

another (Chopra & Sodhi, 2004).

(2) Risk assessment: Procedure performed to classify
each risk identified in step (1) on the basis of prob-
ability and impact, in order to elaborate appropriate
control strategies (Aglan & Lam, 2015; Giannakis &
Papadopoulos, 2016; Hallikas et al., 2004; Norrman
& Jansson, 2004; Tummala & Schoenherr, 2011;
Zsidisin & Ritchie, 2009).

(3) Control / risk management: This stage consists of
developing and implementing, along with members
of the chain, strategies to mitigate or prevent the oc-
currence of risks (Hallikas et al., 2004; Norrman &
Jansson, 2004; Tummala & Schoenherr, 2011; Zsi-
disin & Ritchie, 2009). The commonly used strate-
gies are: risk transfer, risk taking, risk elimination,
risk reduction, and other individual analyzes of risks
(Giannakis & Papadopoulos, 2016; Hallikas et al,;
2004). For Thun and Hoening (2011), risk manage-
ment tools can be divided into reactive and proac-
tive. While proactive tools are focused, most com-
monly, on reducing the likelihood of occurrence of
unwanted events; reactive tools seek to mitigate the
negative impact.

(4) Risk monitoring: It monitors SCRM progress of,
adding or removing risks from the risk checklist and
making new assessments, that is, taking corrective
measures according to changes in the technological
environment, in the chain, in the customer needs,
among others, in order to verify if it is possible to
reach the desired level of performance (Hallikas et
al., 2004; Tummala & Schoenherr, 2011).

SCRM, if well elaborated, makes it more difficult to
interrupt the organization’s operations due to inter-
ruptions in the chain, and also prepares them for
the occurrence of risks, making them safer and less
vulnerable (Norrman & Jansson, 2004). Thus, Li et
al. (2015) found that risk sharing mechanisms, as
well as risk information sharing, are important for
risk management in supply chains, i.e., joint efforts
to manage risks, associated with the chain, result in
better financial returns for organizations.

It is assumed that risk management should be man-
aged jointly with chain members, and an efficient
SCRM, as discussed in this section, is capable of
identifying, assessing, mitigating and monitoring
the associated risks and, therefore, will be measured
as such, according to Exhibition 1 below.
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Exhibition 1. Measurement Scale for Supply Chain Risk Management (SCRM)

1. Risk management in supply chains (Reflective)

Items | Questions
S1 It has formal processes to identify risks.
S2 Strategies are implemented to minimize the impact of risks.
S3 Risks are often assessed by ours members.
sS4 Risks are often monitored by ours members.

Analytical supply chains

Satisfactory decision making within the organiza-
tional context is not an easy task, requiring analyti-
cal skills from individuals, organizations and net-
works of organizations to process information, look
for alternatives, and predict consequences for de-
signing actions (Simon, 1979). In this scenario, the
use of data has become as ubiquitous as the need
to use analytical methods and processes to extract
useful information. Therefore, it is precisely from
this need that the studies on the subject emerge
Analytics.

The terms Business Intelligence (BI), Business Ana-
Iytics (BA) and Big Data Analytics (BDA) are often
used in similar and even interchangeable contexts.
Although they present common characteristics, it
is possible to delineate some differences that need
to be made clear to avoid confusion among the con-
cepts. Davenport (2014) differentiates these terms
from a historical perspective. Bl focuses on tools
to support data-driven decisions, with emphasis
on extracting information and reporting. On the
other hand, BA encompasses the use of statistical
and mathematical skills, aligned with IT skills and
business insights for decision-making. Recently, the
term Big Data has become more popular because of
the large amount of data, structured or unstruc-
tured, produced continuously, that can be used to
discover hidden patterns, correlations, and useful
information.

We define Business Analytics (BA) based on Laursen
and Thorlund (2010), as “making the right media
available for decision at the right time and for the
right people”, and it can be seen as an informa-
tion system composed of: technological elements
responsible for collecting, storing and providing
information; human skills; and business processes.
If all organizations can access some information

through simple statistical techniques, the analyti-
cal skills go even further, because, combined with
information systems; they provide more sophisti-
cated information (Davenport, 2006).

However, as pointed out by Davenport et al. (2001),
sophisticated analysis tools as well as investment
in technology are not enough for organizations to
transform data into knowledge, hence into value,
and the human capacity to analyze, interpret, gen-
erate and act on the insights is critical to drive re-
sults from this complex process of transformation.

This thought is aligned with the arguments by
Laursen and Thorlund (2010) that emphasize the
importance and responsibility of decision makers to
analyze the information obtained through informa-
tion systems and turn them into useful knowledge
to improve or develop business processes and, con-
sequently, to generate value.

Therefore, analytical capabilities consist of a set
of analytical methods and tools (Acito & Khatri,
2014), involving statistics, information technology
and business knowledge that provide the opportu-
nity to deliver large volumes of data through orga-
nization, availability, analysis and interpretation,
taking into account the reality and the specifics of
the business, enabling a rapid response to environ-
mental changes (Teo, Nishant, & Koh, 2016).

Once organizations have used analytical tools such
as statistical and quantitative data analysis, explan-
atory models, and data analysis for decision-mak-
ing, business processes will be affected by changes
and reorganizations, making routines more effi-
cient and generating more value than at an earlier
time (Bronzo et al., 2013). However, this requires
structuring of collected data for them to be trans-
formed into analytical knowledge, which can be ful-
ly explored and used in decision-making processes.
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The study of Davenport (2006) with 32 organiza-
tions found that analytical capabilities provide
organizations with mechanisms to enable them
to improve pricing, identify potential customers
and develop new products. Similarly, Bronzo et al.
(2013) have found statistically significant results
for the impact of using Analytics on financial, learn-
ing/growth, market/consumer, and organizational
process capabilities.

More specifically to the present study, analytically
oriented supply chains are defined as those in which
their members use a set of analytical methods and
tools to make better decisions regarding the flow of
materials through the chain, which can be descrip-
tive, predictive or prescriptive (Souza, 2014). Simi-
larly, Sahay and Ranjan (2008), argue that analyti-
cal chains allow, for example, the identification of
opportunities of cost reduction.

Thus, analytical supply chains use analytical meth-
ods and tools — involving statistics, information
technology, and management knowledge - to turn
large volumes of data into useful information to
support business decisions. Through the analyti-
cal approach it is possible to map scenarios, iden-
tify the impact of expected and unexpected events,
minimize inventories and streamline product flow,
providing benefits to key management processes

(planning, supplying, producing, delivering, re-
turning), minimizing asymmetries (Chae, Olson, &
Sheu, 2013; Chae & Olson, 2013; Davenport, 2006;
Souza, 2014).

Empirically, Trkman, McCormack, Oliveira, and
Bronzo (2010) verified that the use of a set of ap-
proaches and procedures for organizations to gath-
er information, understand it and be able to apply
solutions in the areas of Supply Chain Reference
Model (SCOR) i.e., the use of the analytical approach
in critical supply chain processes, results in better
chain performance in addition to the findings that
the relationship between analytical capabilities and
performance is moderated by the organization’s
information systems. Still, Chae, Olson, and Sheu
(2013) found the impact of analytically oriented
chains on the individual performance of members
and Zhu, Song, Hazen, Lee, and Cegielski (2018) ex-
plored the impact of analytics on the transparency
of chains.

For the aims of this study, the analytical orientation
measure in supply chains was based on Trkman et
al. (2010) scale, and analytically oriented chains
are considered as those in which their members ef-
ficiently process data through quantitative analy-
sis in order to make fact-based decisions regarding
chain processes. Exhibition 2 presents the proposed
indicators.

Exhibition 2. Measurement scale analytical guidance in supply chains

2. Analytical orientation in supply chains. (Reflective)

Items Questions
A1 The quantitative analysis of the data directs the managerial actions.
A2 Members use the knowledge generated from the quantitative data analysis to improve
the chain’s processes.
A3 To support management decisions, members are able to process data efficiently.
Uncertainty rectly, supply chains (Fahimnia et al., 2015; Thun

As in any day-to-day activity, as well as for each or-
ganization, innumerable are the events of risks and
uncertainties inherent in supply chains. In general,
the literature classifies such risk events as inter-
nal and external. External risks are related to the
impacts on the environment caused by natural or
human-made disasters that affect, directly or indi-

& Hoenig, 2011). Earthquakes, tsunamis, terrorist
attacks, hurricanes, as well as political instability
and economic crises are characterized as examples
of this typology of risks. Internal risks, according to
Aguiar, Tortato, and Gongalves (2014) are present
in the organizational environment, and these are
related to the activities of the organization and the
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relationships between different companies in the
chain. Examples of internal risks are an oscillation
in demand, information delay, available capacity,
and supplier inflexibility.

Chopra and Sodhi (2004) categorized risks into:
disruptions, delays, system, forecasts, intellectual
property, procurement, receivables, inventory, and
capacity. In all, the nine risk categories added up to
28 risk drivers, demonstrating the range of risks in
the chains. Contributing to the advancement of the
theme, Aguiar, Tortato, and Gongalves (2014) de-
veloped risk constructs for supply chains composed
of the following dimensions: external environment;
business processes; organizational structure; man-
agement components; internal environment; com-
prising 51 risk factors.

Exhibition 3. Uncertainty Indicators

For Fahimnia et al. (2015), while some risks can be
prevented, others must be mitigated. It should be
emphasized that internal risks are more likely to
occur, while external ones have greater impacts on
the chains because they are usually associated with
events with severe consequences (Thun & Hoenig,
2011; Kirilmaz & Erol, 2017; Revilla & Saenz, 2017).

To measure uncertainty, this study based on the
argument that in supply chains affected by envi-
ronmental uncertainties, their members perceive
greater degree of uncertainty in the relationships
they are involved, that is, in source and delivery.
Thus, to measure the uncertainty perceived by man-
agers, the following indicators were used, as shown
in Exhibition 3, below:

3. Uncertainty

Items Questions
1A1 There is uncertainty about the mix of demand. (variety of products)
1A2 There is uncertainty about the volume of demand.
IA3 There is uncertainty regarding the supply of materials. (Time and volume).
Hypotheses Also, the analytical orientation in supply chains is

From the preceding arguments, it is expected that if
the chain is analytically oriented, its members will
be able to process information more efficiently, i.e.
“... capture, integrate and analyze data and informa-
tion, and use the insights generated in the context
of organizational decision-making” (Cao, Duan & Li,
2015, p. 385), favoring risk management through
greater prevention capacity (Ittmann, 2015).

Tang and Musa (2011) argue the need to develop
a quantitative approach to manage supply chain
risks, and lack of information can undermine chain
decision-making. Thus, it is necessary to improve
computational efficiency. In addition, it is argued
by Tummala and Schoenherr (2011) that data man-
agement enables you to query, store and add risk
information, assisting in the management and en-
hancement of SCRM.

essential for the use of management tools (Ittmann,
2015), characterized as descriptive, predictive and
explanatory techniques. Some examples are: “and if”
(Hallikas et al., 2004; Lavastre et al., 2012; Tummala
& Schoenherr, 2011); risk diagrams (Hallikas et al.,
2004; Lavastre et al., 2012); cause and effect analyzes
(Tummala & Schoenherr, 2011); mapping processes
(Lavastre, Gunasekaran, & Spalanzani, 2012).

In this way, it is understood that in order to identify,
evaluate, propose mitigation strategies and moni-
tor risks efficiently, in addition to collaboration,
flexibility, and visibility, supply chains are required
to develop analytical orientation. Thus, we have the
following research hypotheses:

H1: Analytical orientation positively impacts risk
management in supply chains.

The research model is shown in Figure 1.
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Figure1. Research Model
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Based on the theoretical framework, it is under-
stood that being analytical leads to a better under-
standing of the environment, reducing the percep-
tion of uncertainty. According to Galbraith (1974),
the more complex and turbulent the environment,
the higher the need for information processing.
Likewise, identifying risks, assessing them, miti-
gating them and monitoring them, make the per-
ception of uncertainty decrease, as companies feel
capable of better managing environmental changes
and, therefore, do not perceive them as uncertain-
ties. Consequently, those supply chains that are
more analytical or that better manage their risks
reduce their uncertainty perception.

H2: Supply chains with higher level of analytical
orientation have lower perception of environmental
uncertainty than those with lower level of analyti-
cal orientation.

H3: Supply chains with higher level of risk manage-
ment have lower perception of environmental uncer-
tainty than those with lower level of risk management.

METHODOLOGY

Considering the purpose of the research, a ques-
tionnaire was developed to collect data referring to
the constructs presented in the conceptual model.
For the development of the questionnaire, a struc-
tured bibliographical review was carried out to de-
limit the constructs and operationalize them. In the
next phase, a pre-test of the survey instrument was
conducted in order to eliminate ambiguities and to
validate the instrument. To do this, the question-
naire, prepared on the SurveyMonkey platform,
was sent to ten professionals responsible for the
production / supply chain of industries belonging
to the research base, requesting them to report any
doubts or issues experienced when answering to the
questionnaire. Respondents considered the ques-

tionnaire quick and easy to understand, reporting
no problems in answering it.

Thus, the questionnaire comprised 11 questions
regarding the constructs, besides four items that
made it possible to characterize the sample and
served as control variables. In the questions related
to the constructs, the 7-point Likert scale was used,
with 1 equal to ‘totally disagree’ and 7 equal to ‘to-
tally agree’.

One of the difficulties of the research was to obtain
a reliable database for sending the questionnaires.
The best way was to use the industrial lists, which are
vehicles for dissemination of companies organized
through a partnership between the Industrial and
Business Center of Minas Gerais and the Brazilian
Editor of Special Guides (EBGE) with the federations
of industries of the states involved. Considering that
the registered population had 8,667 micro, small and
medium-sized industries, it was decided to send to
questionnaires to the whole cadastral base, given the
feasibility of data collection, and considering the low
costs of conducting the survey. It is worth emphasiz-
ing here that the authors of this research carried out
the organization of this database to deal with prob-
lems of omissions and redundancies. Nevertheless,
the difficulties to identify the population and obtain
access to respondents should be mentioned, since it
is not possible to guarantee that the total number of
active companies in the list is correct, nor the identi-
fication of companies, because their emails could be
no longer valid.

The data were collected in two stages from August
to November 2017. First, an electronic contact was
made with each of the registered companies in order
to request the e-mail of the person responsible for
the production, purchase, marketing or supply chain
management of organizations. Considering that
these were the subjects of the research, this proce-
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dure was done to improve the quality of the question-
naire responses. This phase resulted in the return of
142 emails. In the second phase a reminder was sent
for these emails with the link of the questionnaire to
all the other emails registered on the databases, ask-
ing those who received the e-mail to forward it to the
professionals who performed the already mentioned
activities, as these were the subjects of the research.
After all, 111 companies responded to the survey.

So, one of the limitations of the work is highlighted,
since there is no guarantee that the available sample
represents the population, due the amount of er-
rors in the original list of companies. However, con-
sidering the descriptive statistics presented in sec-
tion 3.1, a similar percentage for the three states is
observed. There is also predominance of micro and
small companies, reflecting the predominance in the
Brazilian industry. Complementarily, approximate-
ly 83% of respondents are presidents, directors or
managers, thus confirming that the survey subjects
were reached. Moreover, given the hierarchical level
of the respondents, good quality of responses can
be expected. Thus, it is believed that this limitation
did not generate significant bias in the conclusions.

The structural equations modeling was used to
analyze the data. According to Hair, Black, Babin,
Anderson, and Tatham (2009), the Structural Equa-
tions Modeling (SEM) provides the possibility of ef-
ficiently estimating a series of separate multiple re-
gression equations, simultaneously calculating all of
them, and using the relationships between the con-
structs. SEM empirically tests a set of dependency
relationships through a model that operationalizes
theory and provides the representation of relation-
ships through a path diagram. The research aims
at studying the relationships between constructs
of analytical orientation in supply chains and the
management of risks in supply chains. Therefore,
the structural equations modeling and the statisti-
cal method of partial least squares (PLS) using the
software SmartPLS" 3 were used.

PLS does not require large samples, does not gen-
erate identification problems and does not assume
that the distribution is normal across the measure-
ment variables (Chin, Marcolin, & Newsted, 2003).
To calculate the sample size, we used the criterion of
the number of arrows of a construct that points to
another construct (Hair, Sarstedt, Ringle, & Guder-
gan, 2017). As previously reported, the database was

composed of 111 cases, supporting the analysis.

Sample description

Of the 111 industries that made up the sample, 34
were located in Espirito Santo (30.63%), 38 in Minas
Gerais (34.23%) and 39 in Rio de Janeiro (35.10%).

Regarding company size, micro (42.34%) and small
industries (40.54%) predominated. The remaining
cases of the sample comprised medium-sized indus-
tries (17.12%). As a criterion of classification, the
approach of the industrial registries themselves and
SEBRAE was used to classify the size of industries
based on the number of employees. Thus, compa-
nies with up to 19 employees were ranked as micro,
from 19 to 99 as small, from 100 to 499 as medium
size. Thus, 17.12% of the participating industries
were classified as medium, 40.54% as small and
42.34% as micro.

About the profile of the respondents, 15 serve as
chair (13.51%), 35 are directors (31.53%), 44 are
managers (39.64%), 8 are assistants (7.21%) and
9 work in positions other than those specified
(8.11%). Of these, 51 have the primary function of
production (45.95%), 26 of purchase (23.42%), 14
of marketing / sales (12.61%) and 20 of other func-
tions (18.02%).

Data analysis

The first step before running the structural equa-
tion model is to analyze the measurement model.
Firstly, we investigated the reflexive constructs (an-
alytical orientation and SCRM). According to Hair
et al. (Cronbach’s Alpha and Compound reliability),
convergent validity (AVE and loads) and discrimi-
nant validity (Fornell & Lacker’s Table).

By analyzing the reliability and internal consis-
tency of constructs, it was observed that the val-
ues obtained from Cronbach’s Alpha and composite
reliability guarantee the internal reliability. Fur-
thermore, all loads obtained values greater than
0.703, and the average variance extracted (AVE)
of constructs were higher than 0.70, assuring the
convergent validity. In addition, discriminant va-
lidity between constructs was verified, since the
square root of the AVE of constructs was proven
to be greater than the correlation between them.
The results of the reflective measurement model are
shown in Table 1.
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Table1. Results of the reflective measurement model

Convergent validity Rellablllty.and internal DiscriminatingValidity
consistency
Latent variable Index Load AVE Cor’r.1po's.|tere— Alpha de,
liability Cronbach’s
> 0.60 até

>0.70 >0.50 0.95 0.60-0.90

Al 0.773
Analytical orientation A2 0.877 0.703 0.876 0.790 Yes
A3 0.862
S1 0.820
S2 0.868
SCRM 0.749 0.923 0.888

S3 0.903
S4 0.869

After ensuring that the measurement models are
valid and reliable, the next step was to analyze the
structural model by means of its predictive rele-
vance and the relation between the constructs, be-
ing evaluated the following steps: significance and
relevance of the existing relationship in the struc-
tural model, the R level; predictive relevance Q*
(Hair et. al., 2017).

Table2. Significance test results

The significance and relevance of the path co-
efficients were analyzed, verifying if they were
statistically different from zero. Thus, it became
necessary to perform the Bootstrapping proce-
dure with 5,000 subsamples. Table 2 shows the
results of significance and relevance tests of the

path coefficients.

STANDARD
SAMPLE MEAN DEVIATION t P
Analytical orientation -> SCRM 0.596 0.065 9.132 0.000

The results indicate that the analytical orientation
construct has a positive and statistically significant
impact on the management of risks in supply chains
since the relationship showed a path coefficient of
0.596 and p-value of 0.000. Thus, the research hy-
pothesis has been confirmed, indicating that supply
chains where their members use quantitative data
analysis to make facts-based decisions are also more
efficient in managing risks.

Another measure widely used to evaluate structural
models is R? and it is responsible for representing
the effects of the combination of exogenous vari-
ables on the endogenous variable (Hair et al., 2017).

The results indicate that 35.50% of the variation in
the supply chain risk management construct is de-
rived from the variation of the analytical orienta-
tion construct. Although it can be pointed out as a
medium value, it is understood to be a significant
and relevant result because there are several other
factorsnot addressed in the present study that affect
SCRM. The adjusted R? of the model was 34.90%.

Finally, the Q” of the model, obtained through the
blindfolding procedure with omission distance of
seven was 0.245, demonstrating that the model has
predictive capacity. According to Hair et al. (2017),
Q? greater than zero represents that the exogenous
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construct is, in fact, capable of predicting the en-
dogenous construct.

Hypotheses tests

In order to form only two groups of chains (an en-
vironment with low uncertainty x high uncertainty);
a cluster analysis was performed in SPSS software
with the average of the uncertainty variables (IA1,
[A2, and IA3). Out of all companies, 35 were classi-

Table3. Test for difference of mean uncertainty

fied with a low perception of uncertainty (one) and
76 with a high perception of uncertainty (two). In
addition, to determine the degree of analytical orien-
tation and the degree of risk management, the aver-
ages of the indicators of each construct were used.

From the transformations, a comparison, shown in
Table 3, was drowned between the averages of the
constructs for both industries with high uncertain-

ty perception and industries with low uncertainty.

constRuct | UNCERTAINTY |\ |y, | STANDARD | o popoy | WELCH
Low 35 5.47 0.86 0.15
Analytical orientation High 76 4.90 1.21 0.14 0.006
Total 11 5.08 1.14 0.11
Low 35 5.10 1.01 0.17
SCRM High 76 438 1.35 0.15 0.002
Total 111 4.60 1.29 0.12

The results indicate that supply chains that perceive
less uncertainty have higher average of both analyt-
ical orientation and risk management, comparing
with those with high perception of uncertainty. It
was also verified whetherthese two groups of chains
(low perception of uncertainty x high perception of
uncertainty) are statistically different regarding an-
alytical orientation and risk management in supply
chains, and Welch test was performed for equality
of mean. The Welch test is used when it is not pos-
sible, through the Levine test, to verify the homoge-
neity of variances.

It is possible to verify that both the analytical ori-
entation and the SCRM are statistically different
across the groups. Thus, it is verified that compa-
nies that have both higher degree of analytical ori-
entation and SCRM have lower perception of envi-

ronmental uncertainty, whereas the contrary is also
true. Therefore, hypotheses 2 and 3 were confirmed,
corroborating the literature.

In addition, it was verified whether larger compa-
nies have both higher level of analytical orientation
and better risk management. This procedure aimed
at verifying if, regardless of size, industries are
concerned with using quantitative data analysis in
order to make better decisions involving the chain
and if they understand the existence of risks associ-
ated with them and the need to manage them.

The results are presented in Table 4, as previously
noted, when the size increases, the levels of analyti-
cal orientation and risk management also increase.
Nevertheless, this difference was not statistically
significant when conducting the tests for differenc-
es of averages.
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Table4. Test for medium-sized difference

STANDARD | DEFAULT | LEVINE | TEST OF AVERAGE
eliatiias =lpdz b MEAN | DEVIATION | ERROR | SIG. SIG.
until19 | 47 4.80 137 0.20 Welch
Analytical 20-99 45 5.21 0.91 0.14 ooia
orientation 100-499 19 5.44 0.82 0.19 0.75
Total 11 5.08 114 0.11
untit19 | 47 439 142 0.21 ANOVA
SCRM 20-99 45 459 122 0.18 0.059
100-499 | 19 516 0.98 022 0.68
Total 11 460 129 0.12

DISCUSSION AND CONTRIBUTIONS

The results obtained, presented in Figure 2, are in
line with the expectations presented initially in this
study and with the construction of the central re-

Figure2. Result of the structural model

search hypothesis. It was observed that the supply
chain analytical orientation has a positive, signifi-
cant and robust impact on SCRM. Still, it can ex-

plain 35.50% of its variation.

A
- 0.773
A2 —0.877
0.862
*_,--"
A3
Analytical
orientation

As a practical implication, the results show that
if supply chains want to survive from disruptions
caused by the imense number of risks inherent in
them - that makes impossible to produce the right
quantity to the right location at the right time and
in a profitable way - its members must be able to
process data efficiently and, as a consequence of be-
ing analytically oriented, better manage risks. In
this way, analytical approach to decision making
allows supply chain members to identify possible
sources of risk and to propose appropriate strate-
gies to mitigate them, allowing them to avoid risks,
maintain or recover operations in case they occur.

From a conceptual and complementary point of
view, it is interesting to note that the majority of
respondents hold high hierarchical positions in or-
ganizations, which may lead one to infer that they
have consistent professional experience. Consider-

.
0.820
52
p 0355 g-ggg“'
903y
0250 53
SCEM >4

ing that risk management could be influenced by
the manager’s experience, it could be assumed that
the impact identified here would be a “spurious” im-
pact. However, considering that the experience has
certain homogeneity, in the sample surveyed, the
relevance of this finding is further verified, since
data-based decision making was proven to improve
risk management in the supply chain.

Although it is not the primary objective of this re-
search, it was observed that there is no difference
across levels of analytical orientation and risk man-
agement for micro, small and medium-sized com-
panies, that is, regardless of size, companies are
awareness about the importance of making deci-
sions based on data and with the adoption of risk
management procedures. This can be a consequence
of the better training of industrial managers, micro
and small companies, and can also happen due to
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the broad access to technologies and computational
methods nowadays.

In a complementary way, this study showed that
those chains with higher degree of analytical ori-
entation or greater degree of risk management
present lower level of uncertainty perception. This
result makes sense conceptually because a greater
capacity to use the data for decision making, and
the understanding that the uncertainty is manage-
able imply greater security for the members of the
supply chain, that’s why the perceived risk would
be smaller. In this sense, what would be considered
uncertain might not be uncertain depending on
the levels of analytical orientation and risk man-
agement. Therefore, it is concluded that both con-
structs, the analytical orientation in supply chains
and the SCRVM, imply less uncertainty perception in
their operations because the members of the chain
are more aware of their processes and the risks as-
sociated with them.

Conceptually, this article intends to contribute to the
literature by relating two constructs, relevant to the
management of supply chains, considering that the
environment is becoming increasingly uncertain.

Limitations and future research

As main limitation, the survey was answered by
only one member of the chain, who gave his opinion
about the chain as a whole, where the ideal would
be to obtain answers from at least one supplier,
one manufacturer and one buyer belonging to the
same chain. Another limitation is the low number
of medium-sized companies among those that par-
ticipated in the research.

For future research, we suggest verifying the role of
analytical orientation in the relationship between risk
management and other capabilities that affect the
construct, and if analytical orientation and risk man-
agement help supply chains recover from unexpected
events by improving resilience. As a suggestion, new
constructs can be included to increase the explanatory
power to predict supply chain risk management, such
as visibility, collaboration, and flexibility.
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ABSTRACT

Understanding that disruptions can be devastating, the ability of supply chains to re-
turn, as quickly as possible, to their normal state, after disruptions, has been consid-
ered as important as optimizing their flows. According to the literature, companies
must develop capabilities and invest in risk management to improve their supply
chain resilience, however almost nothing has been investigated about the role of the
analytical orientation for those purposes. Assuming that analytical orientation is es-
sential for supply chains to recover from interruptions, this theoretical essay aimed at
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INTRODUCTION

In today’s turbulent and uncertain environment,
characterized by huge global competition, large and
complex chains, increased customer expectations,
shortened product life cycles, rapid technological
innovations, increased outsourcing, and demand
volatility, each company in the supply chain is sus-
ceptible to an indefinite number of events that can
interrupt their operations (Pettit, Fiksel, & Croxton,
2010; Ponomarov & Holcomb, 2009; Scavarda, Cery-
no, Pires, & Klingebiel, 2015; Sheffi & Rice Jr., 2005;
Skipper & Hanna, 2009).

According to Zsidisin and Wagner (2010), interrup-
tions in supply chains derive from events that can
occur both inside and outside the supply chain’s
boundaries. Random events (earthquakes, illnesses,
storms, hurricanes), accidental events (fires, human
errors, equipment breakdown) or intentional situa-
tions (terrorism, robberies) are the main causes of
supply chain disruptions (Carvalho & Machado,
2007; Sheffi & Rice Jr., 2005).

Given that such disruptions affect performance and
can be devastating to supply chain members (Black-
hurst, Craighead, Elkins, & Handfield, 2005), an
important question, pointed out by Soni, Jain and
Kumar (2014), is to identify what leads some organi-
zations to collapse while others can thrive and grow.
Thus, to become resilient, and quickly recover from
disruptions, is emphasized, by both managers and
academics (Brusset & Teller, 2017; Kamalahmadi &
Parast, 2016)gaps in current research, and future di-
rections on the topic. For this purpose, we employed
two methods to collect publications in supply chain
resilience. First, we selected keywords and searched
the relevant databases and journals. Next, we tracked
the references of those papers collected in the first
method to look for other publications published in
conference proceedings and book chapters. As a re-
sult, a sample of 100 papers was collected, studied,
and analyzed. We summarize our findings in several
areas including enterprise and supply chain resil-
ience definitions, supply chain resilience principles,
and supply chain resilience strategies. Based on the
assessment, we develop a framework for the princi-
ples of supply chain resilience that can be used as a
basis for understanding supply chain resilience. (C.

Thus, a proactive and effective method that allows
supply chains to recover from expected and unex-
pected interruptions, is essential to build capabilities
that make them more resilient, i.e. cabable to return,

after disruptions, as fast as possible to their normal
state or improve in order to avoid collapse of their
operations and maintain profitability of their mem-
bers (Christopher & Peck, 2004; Juttner & Maklan,
2011; Pettit, Fiksel & Croxton, 2010; Ponomarov &
Holcomb, 2009).

In general, resilience capabilities more often iden-
tified in literature are collaboration, flexibility, and
visibility, as well as risk management procedures
(Brandon-Jones, Squire, Autry, & Petersen, 2014;
Christopher & Peck, 2004; Colicchia, Dallari, & Mel-
acini, 2010; Jittner & Maklan, 2011; Pettit, Fiksel,
& Croxton, 2010; Ponomarov & Holcomb, 2009;
Scholten, Scott, & Fynes, 2014; Wieland & Wallen-
burg, 2013)capabilities (visibility.

However, there is a gap in literature concerning the
role and impact of supply chains ability to collect,
analyze and transform data into useful knowledge in
order to make decisions based on facts and data, that
is, the impact of analytical orientation over supply
chain resilience.

The analytical approach, as pointed out by Ladeira
et al. (2016, p. 487), involves: “[..] the extensive
use of critical data and explanatory and predic-
tive models, as well as fact-based management to
guide management decisions and actions.” In this
sense, being analytical allows companies to maxi-
mize decision-making processes by developing the
organization’s capacity to conduct analysis and act,
providing better results by generating value and ef-
ficiency in decision making (Davenport, 2006; Dav-
enport, Harris, De Long, & Jacobson, 2001; Laurs-
en & Thorlund, 2010).

Under the supply chain perspective, being analyti-
cally oriented means being able to provide mem-
bers with useful information, drawn from the vast
amount of data collected, facilitating the decision-
making process (Sahay & Ranjan, 2008) to overcome
uncertainties (Chen, Chiang, & Storey, 2012) and
to favor the recovery from interruptions. Thus, it is
pertinent to consider the analytical orientation of
supply chains as capability in resilience. According to
Galbraith (1974), the more complex and turbulent
the environment, the greater is the need for infor-
mation processing.

Therefore, the present theoretical essay aimed at
proposing the inclusion of analytical orientation in
the preliminary model of supply chains resilience,
based on literature review.
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Using the taxonomy of Colquitt and Zapat-Phelan
(2007), we expect to contribute to the discussion
about resilience in supply chains by presenting a mod-
el that, although it has not yet been empirically tested,
was conceptually grounded and validated. For this, we
used the methodology known as Proknow-C (Afonso
et al., 2012), where, based on 72 articles indexed on
Web of Science or found on Ebsco, Science Direct and
Emerald in the last 30 years with titles containing the
terms “Supply Chain Resilience” or “Resilient Supply
Chain”. From the initial results, the most cited papers
were selected (21 articles representing 90% of the ci-
tations on the topic) to identify the main antecedents
of resilience in supply chains. Moreover, the most cur-
rent articles, which were compatible with the theme
and published in high-impact journals, were used to
build the grounds of the initial model.

Thus, in line with Colquitt and Zapat-Phelan (2007),
the initial model sought to capture the concepts
developed by other theoretical and empirical stud-
ies, as well as to clarify and extend the conceptual
approach used in previous studies, with two main
contributions. The first by including a new construct
in the model and the second by introducing new re-
lationships between the model’s constructs. That is,
the idea is to propose an advance in the resilience
knowledge and communicate with other research-
ers, making possible to test it empirically.

It is worth mentioning that the we intend to carry out
empirical tests and publish the results in future pa-
per. We intend to follow the taxonomy already men-
tioned, expanding the frontier of knowledge by build-
ing new theories based on theories available, making
the cycle: conceptual advance, empirical test and new
conceptual advance. Thus, expanding knowledge and
presenting it in a new or different direction is possible
(Colquitt & Zapat-Phelan, 2007). In order to develop
an extended theoretical model, these two emerging
and important themes were unified, aiming at con-
tributing to both academics and practitioneers.

THEORETICAL DISCUSSION

In this chapter the theoretical foundations are pre-
sented involving supply chain resilience and supply
chain analytics, which support the model presented
in this paper.

Supply Chain Resilience

Authors such as Bhamra, Dani, and Burnard (2011)
argue that the notion of resilience was grounded

in ecology, related to ecosystem stability, whereas
Ponomarov and Holcomb (2009) say that it has its
roots in social psychology, considering the differenc-
es in behavior of individuals when facing adversity
(Rutter, 2012).

However, it is known that resilience is a multidisci-
plinary construct that has many facets, being stud-
ied from ecological, psychological, economic and
organizational perspectives. In recent years, the
term resilience has gained strength in the research
on supply chain management (Bhamra, Dani, & Bur-
nard, 2011; Ponomarov & Holcomb, 2009)techno-
logical and environmental.

Christopher and Peck (2004) define resilience in sup-
ply chains as the chain’s ability to return to its status
quo or move to a more desirable one after suffering
disruption. Ponomarov and Holcomb (2009, p. 131)
argue that supply chain resilience can be conceptual-
ized as “the adaptive capability of the supply chain
to prepare for unexpected events, respond to disrup-
tions, and recover from them by maintaining conti-
nuity of operations at the desired level of connected-
ness and control over structure and function”.

The present study considers, from the readings and
main definitions, that resilience of supply chains
- SCRES - should be defined as a result, that is, the
return of the chain to its natural state, or even im-
provement, after the occurrence of disruptive events,
driven by the development of adaptive capacity and
prevention. Thus, we argue that only recovery should
be considered as a SCRES dimension.

This approach differs, for example, from the defini-
tion proposed by Ponomarov and Holcomb (2009)
that consider the maintenance of the desired level
of operations (robustness) and the preparation for
events (risk management) as dimensions of resil-
ience. Similarly, it differs from the definition pro-
posed by Wieland and Wallenburg (2013) that is
more closely associated with adaptive capacity, which
we consider as being an antecedent of resilience.

Our thought goes along with Brandon-Jones et al.
(2014) that consider resilience as a result provided by
the development of capabilities, where maintaining
operations means robustness and resilience means
the return of operations. Similarly, it is observed that
a deterministic disruptive event is the starting point
of resilience, because only preparing for probabilistic
events is related to risk management and does not de-
termine resilience level (Jiittner & Maklan, 2011).

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 46-58

ISSN: 1984-3046



49 AUTHORS | Murilo Zamboni Alvarenga | Marcos Paulo Valadares de Oliveira | Hélio Zanquetto Filho | Washington Rom&o dos Santos

Christopher and Peck (2004), as well as Soni, Jain
and Kumar (2014) argue that resilience can be built
within the chains, that is, there are certain capa-
bilities that, if developed, increase resilience. Sheffi
and Rice (2005) present redundancy and flexibility,
while Christopher and Peck (2004) develop a theo-
retical model involving collaboration, risk orienta-
tion/culture, agility and (re) building ability to re-
turn from disruptive events.

Research shows that in order to confront vulner-
abilities, supply chains must develop capabilities,
which are defined as “attributes that enable the
company to anticipate or recover from disruptions”
(Pettit, Fiksel, & Croxton, 2010, p. 6). It is relevant
to point out that these are seen here as attributes
which enable chains to recover or be prepared in or-
der to recover from disruptions. As such, recovery
would be associated to resilience and anticipation
to risk management.

As previously discussed, the capabilities that most
appear as determinants of SCRES are: collaboration,
visibility, flexibility, speed and, in addition to these
capabilities, risk management procedures (Bran-
don-Jones et al., 2014, Christopher & Peck, 2004,
Colicchia et al., 2010, Juttner & Maklan, 2011, Pet-
tit et al., 2010, Ponomarov & Holcomb, 2009, Schol-
ten et al., 2014, Wieland & Wallenburg, 2013). It is
interesting to note that, according to Ponomarov
and Holcomb (2009), the capabilities must be inter-
related and improved together to be resilient.

It should be noted that although it is one of the ca-
pabilities that most appear as antecedents of resil-
ience, speed appears to be a dimension of resilience,
that is, the speed at which the supply chain itself
manages to recover. Given that the chain’s existing
velocity is affected by the rupture, in addition to
the absence of studies that specifically address the
impact of speed on resilience, we chose not to ap-
proach it in the study as a resilience capability be-
longing to the resilience capability package.

Thus, it is proposed:

Pla: Supply chain resilience is positively impacted by a
resilience capabilities package.

Collaboration

With regard to resilience in supply chains, Juttner
and Maklan (2011) have identified in an empirical
multi-case study that, in a scenario of global finan-

cial crises, collaboration among members of the
supply chain can function as a mechanism to con-
tain negative impacts of disruptions.

It is also known that communication and coopera-
tion among members of the chain impact, in a sta-
tistically significant way, the resilience of the chain
as a whole (Wieland & Wallenburg, 2013). On the
other hand, according to Scholten and Schilder
(2015), although the existing literature points out
that the collaborative relationship between supply
chain members is part of the resilience, little atten-
tion has been given to how it actually exerts influ-
ence, being one of the gaps discussed in this study.

P2a: Collaboration is a resilience capability that be-
longs to the resiience capability package.

Flexibility

The importance of flexibility to adapt to environ-
mental uncertainties is empirically verified in the
study by Merschmann and Thonemann (2011),
while Swafford, Ghosh, and Murthy (2008) verified
the agility of chains and competitive performance
of the business. On the other hand, Vickery, Calan-
tone, and Droge (1999) did not find a statistically
valid relationship between the importance attrib-
uted by the managers’ perception of capabilities on
flexibility and the amount of uncertainties suffered
by supply chains.

According to Sheffi and Rice (2005), although re-
dundancy, that is, having reserves of resources is an
alternative to respond to disruptions, a better way
is to improve the flexibility of the chain, as it results
in benefits and gains in operating efficiency in nor-
mal routine.

In order to be resilient, the chain must develop a cer-
tain degree of flexibility, allowing rapid input changes
or changes in the way inputs are generated, as well as
outputs or the way outputs are generated, as Pettit,
Fiksell and Croxton (2010) argue. These can be de-
veloped, for example, with multiple sources of supply
and replenishment, contract flexibility, risk sharing,
inventory management, among others.

Jiuttner and Maklan (2011) found that the chain
flexibility in reallocating and enhancing capacity
utilization, inside or outside the network, allows
costs to be managed and profits kept in situations of
disruption. Scavarda et al. (2015) found, in a study
of the Brazilian auto industry, that flexibility results
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in resilience, however, they also found that the or-
ganizations investigated were more concerned with
internal flexibility rather than flexibility in the sup-
plier/buyer relationship.

P3a: Flexibility is a resilience capability that belongs to
the resilience capabilities package.

Visibility

Visibility is essential to make the supply chain more
resilient as it provides the ability to visualize, in
complex environments, inventories and demand,
enabling changes in flows when there are interrup-
tions, and it is positively associated with agility, i.e.
how quickly a supply chain would react to environ-
mental changes (Brandon-Jones et al., 2004; Chris-
topher & Peck, 2004).

Authors such as Jiittner and Maklan (2011) have
qualitatively verified the relationship between vis-
ibility and resilience, since it makes it possible to
quickly perceive the occurrence of the risk event
and improve decision making. Brandon-Jones et al.
(2014), therefore, were the first ones to verify this
relationship quantitatively, observing a significant
and positive impact. Therefore, based on these sur-
veys, it is proposed:

P4a: Visibility is a resilience capability that belongs to
the resilience capabilities package

Supply chain risk management

Supply chain risk management (SCRM) has a direct
impact on the supply chain resilience, especially in
relation to risk identification and evaluation, pre-
venting chains from events that may disrupt their
operations, as well as allowing the development of
actions to recover from disruptions (Colicchia et al.,
2010; Graeml & Peinado, 2014; Jiittner & Maklan,
2011; Wieland & Wallenburg, 2013).

Juttner and Maklan (2011) argue that if risk man-
agement provides knowledge about environmen-
tal risks as well as how to mitigate their impacts,
it makes the supply chain more resilient. Likewise,
Graeml and Peinado (2014) found a positive impact
of risk orientation over supply chain resilience, and
Colicchia, Dallari, and Melacini (2010) found that
adopting effective risk management strategies to
deal with lead time variability, increases supply
chain resilience.

P5a: supply chain risk management has a positive im-
pact on the supply chain resilience.

Thus, it is observed that SCRM directly impacts the
resilience of the supply chain, preparing it for the oc-
currence of events that may interrupt its operations,
and so prevention can be considered a SCRM dimen-
sion, not a resilience dimension. At the same time, it
is impacted by the capabilities package developed by
the chains. This is because, for risk management to
be efficient, the supply chain must adopt a collabora-
tive management approach with its customers and
suppliers, be flexible and able to receive and provide
information in real time, with quality and precision,
favoring visibility (Kilubi & Haasis, 2015; Lavastre,
Gunasekaran, & Spalanzani, 2012; Nooraie & Mellat
Parast, 2015; Tang, Matsukawa, & Nakashima, 2012;
Tang & Musa, 2011; Thun & Hoenig, 2011; Wiengar-
ten, Humphreys, Gimenez, & Mclvor, 2015; Zhao,
Huo, Sun, & Zhao, 2013).

P6a: Supply chain risk management is positively im-
pacted by the resilience capability package developed by
the supply chains.

Environmental uncertainty

Another point to be emphasized is that the need
to develop capabilities is associated with the tur-
bulence of the environment where the members
of the chain are inserted. Uncertainty is related to
events that can not be known with complete preci-
sion in order to develop risk mitigation strategies
(Radivojevi & Gajovi, 2014). For Galbraith (1977,
p. 36), uncertainty “is the difference between the
amount of information required to perform the
task and the amount of information already pos-
sessed by the organization.” The greater the dif-
ference, the greater the uncertainty regarding the
outcome of the decisions.

Factors such as globalization, outsourcing, supplier
dependence and supply networks, consumer be-
havior and intensive use of technology have raised
the level of environmental uncertainty, influencing
the decision making and supply chain performance
(Tang & Musa, 2011). Scavarda et al. (2006) and
Pettit, Fiksel, and Croxton (2010) emphasize the
importance of the balance between capabilities and
vulnerabilities, since high levels of vulnerabilities
and low capabilities result in excessive risk and,
conversely, degrade profitability due to excessive in-
vestment in protection mechanisms.
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Therefore, it is expected that all structural relations
of the model will be moderated by the environment,
since, when there is low turbulence, the proposed
relationships amongst the package of capacities,
supply chain risk management (SCRM) and chain
resilience SCRES), tend to be smaller than those of
more turbulent environments.

P7a: The strength of the relationship between the ca-
pability package and the resilience of supply chains is
moderated by the degree of uncertainty and dynamics
of the environment.

P8a: The strength of the relationship between the ca-
pability package and the supply chain risk management
is moderated by the degree of uncertainty and dynamics
of the environment.

Figure 1. Proposed modern model

Collaboration

Flexibility
ph?

Visibility

Source: The authors.

However, it is argued that the model initially pre-
sented is capable, but insufficient to explain the
resilience of supply chains. This is because the lit-
erature ignores an essential factor to face the un-
certainties and, consequently, to recover from dis-

Resilience
capability
package

P9a: The strength of the relationship between supply
chain risk management and its resilience is moderated
by the degree of uncertainty and dynamics of the envi-
ronment.

Based on the literature on the subject, the resilience
capability package, formed by collaboration, flex-
ibility and visibility, is expected to positively impact
the supply chain resilience. In addition, it is expect-
ed that this same package will have a positive impact
on the supply chain risk management (SCRM) and,
finally, on the supply chain resilience (SCRES) itself.
Moreover, all relations hypothesised are moderated
by the environmental uncertainty. Thus, this initial
model is presented in Figure 1.
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ruptions. Thus, in view of the increasing volume of
data that chain members have and may have access
to, and the need to analyze them in order to make
analytically grounded decisions, the insertion of
analytical orientation as an additional capability in
resilience will be discussed next.
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Supply Chain Analytics

Simon’s studies (1955, 1956, 1979) brought to the
organizational research insights that broke ancient
paradigms and paved the way for the emergence of
new theories. If classical / economic theory consid-
ered an absolute rationality, apart from reality, in
which there was the possibility of reaching an opti-
mal decision, the author’s findings showed that, in
reality, man is endowed with a bounded rationality,
since one does not have the time, information, or
the knowledge to make an optimal decision. In this
sense, any decision made by the individual will be at
most satisfactory.

However, a satisfactory decision is not easy to
achieve, requiring individuals, organizations and
networks of organizations to have analytical skills
to process information, seek alternatives, and cal-
culate consequences for designing actions (Simon,
1979). It is precisely from this need that the studies
on the Business Analytics theme emerge.

It occurs that (1) the large amount of data generated
in organizations, on a daily basis, outside and inside
their chains, (2) the reduction of the gap between
business strategy and data management, and (3)
the perception that grounded decisions are critical
at each organizational level, are movements that in-
tensify the usefulness and need of statistics to work
along with information technology and business
knowledge to transform data into information in
order to improve decision making (Acito & Khatri,
2014). Still, the Business Analytics phenomenon
is favored by the decrease in costs associated with
the technological elements needed to be analytical
(Acito & Khatri, 2014)

Business analytics (BA) is defined, on the basis of
Laursen and Thorlund (2010), as to provide the
right support for decision, at the right time and for
the right people, and can be seen as an informa-
tion system composed by: technological elements
responsible for collecting, storing and providing in-
formation; human skills; and business processes. If
some information can be used by organizations, by
means of simple statistical techniques, the analyti-
cal skills go beyond of just simple statistics, since, in
addition to information systems, they provide more
sophisticated information (Davenport, 2006).

However, as pointed out by Davenport et al. (2001),
only investments in sophisticated analysis tools
and technologies are not enough for organizations

to transform data into business knowledge, that is,
useful knowledge that can add value to the organi-
zation. According to the authors, it is the human ca-
pability to analyze, interpret, generate and act with
the insights generated through the data analysis
and critical factors of this complex transformation
process, using advanced technology and analysis,
that is the driver of results that can add value to the
business.

This approach is also in line with the arguments by
Laursen and Thorlund (2010), since they emphasize
the importance and responsibility of decision mak-
ers to analyze the information obtained through
information systems and transform them into use-
ful knowledge to improve or develop business pro-
cesses and, consequently, generate value.

Therefore, analytical capabilities consist of a set of
analytical methods, tools (Acito & Khatri, 2014)
and skills, involving statistics, information technol-
ogy and business knowledge that provide the op-
portunity to provide large volumes of data, through
organization, availability, analysis and interpreta-
tion, considering the reality of the business and
the specificities of the environment in which it is
inserted, making it possible to develop and apply
more satisfactory decisions. Importantly, visibility,
previously presented as a capability in resilience, re-
fers to the ability to visualize, in complex environ-
ments, inventories and demand. On the other hand,
the analytical orientation does not refer to visual-
ization, but to the analysis of descriptive, predic-
tive, prescriptive, and inquisitive nature, conducted
to guide and support the decision-making process.

Once organizations have used analytical tools such
as statistics, explanatory models, and data analysis
for decision making, business processes will be af-
fected by changes and reorganizations, making rou-
tines more efficient and generating more value than
at an earlier time (Bronzo et al., 2013). Thus, BA
results in changes in the way managers see the busi-
ness, allowing them to observe obsolete processes
and replace them with new ones, more efficient and
effective to the objectives of the organization. Ac-
cording to Bronzo et al. (2013), for this to occur,
the data collected need to be transformed into ana-
lytical knowledge, which can be fully exploited and
used in decision making.

As discussed by Teo, Nishant and Koh (2016), BA
empowers identification of changes in consumer
behavior, new product development opportunities,
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new markets, and absorption of external informa-
tion on, for example, customer perceptions about the
products and services, and thus, is adaptive, innova-
tive and absorptive, therefore, a dynamic capability.

Davenport’s (2006) study of 32 organizations in-
volved in quantitative analysis found that analytical
capabilities provide organizations with mechanisms
that allow them to improve pricing, identify poten-
tial customers, and develop new products. Similarly,
Bronzo et al. (2013) found statistically significant
results for the impact of using Analytics over the di-
mensions of the BSC (Balanced Scorecard).

More specifically, Souza (2014, p. 595)I describe
the application of advanced analytics techniques
to supply chain management. The applications are
categorized in terms of descriptive, predictive, and
prescriptive analytics and along the supply chain
operations reference (SCOR argues that “supply
chain analytics focuses on the use of information
and analytical tools to make better decisions re-
garding material flows in the supply chain”. Simi-
larly, Sahay and Ranjan (2008) argue that analytical
chains allow, for example, to identify opportunities

Exhibition 1. Analytical techniques.

for cost reduction.

Chae and Olson (2013) propose a framework that
would represent analytical supply chains, composed
by data management, process management and
performance monitoring capabilities. In this way,
the analytical approach, through the acquisition
and transformation of data into information, quali-
fies supply chains, for example, to map scenarios,
identify the impact of expected and unexpected
events, minimize inventories and improve product
flows, provide benefits to the key management pro-
cesses (planning, supplying, producing, delivering,
returning) and minimize asymmetries between the
desired and actual performance (Chae, Olson, &
Sheu, 2013; Chae & Olson, 2013; Davenport, 2006;
Souza, 2014)data management resources (DMR.

Taking into account that analytical techniques can
be descriptive, prescriptive and predictive, Souza
(2014) summarizes them in relation to each dimen-
sion of the SCOR model, except to plan, since, ac-
cording to the author, this dimension is present in
all others. The summarization is presented in Table
1, below.

SCOR Model

Analytics techniques Source

Make Deliver Return

e Supply chain

Descriptive mapping e Supply chain visualization
e Time series method (moving average, exponential smoothing,
autoregressive models)
Predictive

e Linear, non-linear and logistic regression

e Data-mining techniques (e.g., cluster analysis, market basket analysis)

Prescriptive

*  Mixed-
* Analytic hierarchy integer linear ¢ Network flow
process programming algorithms
(MILP)
* Game theory ’ Non-Ilnear. e MILP
Programming
*  Stochastic
programming dynamics

Source: Souza (2014).
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Empirically, Trkman, McCormack, Oliveira, and
Bronzo (2010) found that the use of the set of ap-
proaches and procedures that allow organizations to
gather information, understand them and be able to
apply solutions to SCOR areas of supply chain man-
agement, i.e. the analytical approach, in processes,
results in better chain performance, with the rela-
tionship between analytical capabilities and perfor-
mance being moderated by the organization’s infor-
mation systems. Still, Chae, Olson and Sheu (2013)
verified the impact of the analytics in supply chains
over the individual performance of their members.

Based on the above discussion, it is expected that, if
a supply chain is analytically oriented, its members
will be able to process information more efficiently,
i.e “[...] to capture, integrate, and analyze data and
information, and use the insights gained from data
and information in the context of organizational
decision making.” (Cao, Duan & Li, 2015, p. 385),
favoring resilience through prevention, adaptation
and efficient decision making.

If, on the one hand, no studies were found in the
literature that directly relate the constructs, on the
other hand the theories presented seem to support
this relationship, since the definitions of supply
chain analytical orientation are extremely related
to the ability to collect and analyze information
and events from internal / external environment,
and make satisfactory decisions that allows orga-
nizations / chains to adjust and improve processes,
adapt, and consequently facilitate the recovery or
improvement of the production flow and informa-
tion in case of disruptions. Therefore, it can be con-
sidered as resilience capability.

Therefore, from the foregoing, it is proposed:

P1b: The analytical orientation in supply chains is a
resilience capability.

P2b: The insertion of analytical orientation in supply
chains as resilience capability strengthens the relation-
ship between resilience capabilities package and supply
chain resilience.

In addition, authors such as Tang and Musa (2011)
argue the need to develop the quantitative ap-
proach, both academically and in a practical way, in
order to manage risks in supply chains, highlighting
that the lack of information may undermine deci-
sion-making within the chains. Thus, it is necessary
to improve computational efficiency. Similarly, it
is argued by Tummala and Schoenherr (2011) that
data management allows to browse, store, and add
information about risks, helping with the manage-
ment and improvement of SCRM as a whole.

In order to identify, evaluate, propose mitigation
strategies and monitor risks, supply chains need to
develop the capabilities discussed in previous sec-
tions, as well as be analytically oriented in order to
efficiently identify risks and transform uncertain-
ties into risks, so that one can manage them, make
better decisions and, consequently, make the sup-
ply chains more resilient. Therefore, it is proposed:

P3b: The insertion of analytical orientation into sup-
ply chains, as a resilience capability, fortifies the rela-
tionship between the resilience capability package and
SCRM.

P4b: Indirectly, the insertion of analytical orientation
into supply chains, as a resilience capability, strength-
ens the relationship between SCRM and SCRES.

Figure 2 below shows the propositions.
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Figure 2. Propositions with insertion of analytical orientation
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Source: The authors.

FINAL REMARKS

This theoretical essay was intended to discuss the
insertion of the analytical orientation in an initial
model of supply chains resilience, proposing an ex-
tended model. To justify its insertion, we discussed
what is meant as resilience in supply chains, in ad-
dition to pointing out the main determinants of
resilience addressed in the literature, presenting an
initial model that was argued to be insufficient.

We highlight the view of resilience in supply chains
adopted in this reserch. Although some previous re-
searches assume adaptation and prevention as di-
mensions of resilience, in this research we assume
that they both precede it. Therefore, resilience is
composed by recovery and improvement dimen-
sions. We assume the premisse that resilience can
only be identified after disruptions.

In this sense, we argued that resilience in supply
chains is a consequence, or a result from capabili-
ties development. Therefore, the resilience capabil-

Resilience
capability
package

Supply chain risk
management

1 : ]

“ 1 ," Supply chain
vy resilience
¥
i

Environmental
uncertainty

ity package, composed by collaboration, flexibility
and visibility, is capable to impact and explain resil-
ience variance. Likewise, risk management in sup-
ply chains, identification, evaluation and control of
events, which can disrupt supply chain operations,
makes them more preventive and resilient. Like
resilience, risk management in supply chains is ex-
pected to be impacted by the resilience capabilities
package. In addition, we propose that all relation-
ships in the structural model are moderated by the
environment.

However, we found a gap in literature that ignores
the role as well as the impact of analytical orienta-
tion on the recovery of disruptions. Thus, in our
view, a supply chain analytically oriented is more
capable to adapt and be prepared, and, conse-
quently, to be more resilient. Therefore, it is theo-
retically pertinent to extend the initial model by
adding analytical orientation as a component of
resilience capability.

The expanded model is shown in Figure 3.
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Figure 3. Expanded model proposed
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Source: The authors.

The argument that grounds these propositions is
that to develop resilience, intuition alone is not
enough. Goals, indicators and ongoing follow-up
of those involved are required to develop, structure
and maintain capabilities that will make possible
risk management to return to the previous stage,
after disruption. Neglecting such conditionings can
increase supply chain risks for participants, decreas-
ing their reputation and their ability to reach com-
mitments made with their customers and suppli-
ers. Reducing uncertainties helps decision-making
and allows organizations to capture the appropri-
ate results, improving long-term partnerships and
alliances. In a specific context, the socio-political
environment, where the supply chain members are
inserted, can increase the level of uncertainty and
generate the need to improve resilience capabilities
to avoid operational collapse.

The disruption of Samarco dam in Mariana in 2015,
the truck drivers strike in Brazil in 2018, the Philips
factory fire im 2000 and the Japan earthquake in
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2007, are just a few events that illustrate the im-
pact of risks and uncertainties not only on a single
company, but also on several members of its sup-
ply chain (Chopra & Sodhi, 2004; Freitas, Silva, &
Menezes, 2016; Jiittner; Maklan, 2011).

Thus, this paper contributions are: (1) the under-
standing, the importance, and the impacts of devel-
oping different resilience capabilities to efficiently
manage risks and become resilient; (2) deepening
a theoretical debate about supply chains resilience
dimensions; (3) theoretical development of a resil-
ience package of capabilities including analytical
orientation; (4) propose an extended model, that
will be empirically tested, in order to verify wheth-
er the proposed relationships are statistically sig-
nificant. (5) make possible to test the explanatory
power of the initial model against the extended one.
Moreover, empirically tests the change in strengths
of relationship with the inclusion of analytical ori-
entation construct, in the initial model, as a compo-
nent of resilience capability.
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PRINCIPAL-AGENT PROBLEMS IN
IMPLEMENTATION OF GHANA'S HEALTH
INSURANCE SCHEME

ABSTRACT

principal-agent relationship exists between health service providers and their authori-
ty and clients. It asserts that health service providers as‘imperfect agents’of the author-
ity and clients will take actions that aim to maximise profits at the expense of author-
ity and clients (principal). The situation is possible when reimbursement is based on
fee-for-service or a diagnosis-related groups. It looks at relationships between health
service providers as agents and health insurance authority, and clients as principals in
areas of provision of health services, supply of drugs, medicines and reimbursement.
Results showed the private health service providers prescribed more drugs and medi-
cines for clients towards profit maximisation (agency) than their public counterparts.
Also, it was found that the public health service providers continued to provide health
services and drugs despite health insurance authority indebtedness to them exhibit-
ing more stewardship towards health insurance authority. It recommends strict requ-
lations in tariffs/vetting claims and prompt reimbursement.
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INTRODUCTION

This article focuses on three actors namely National
Health Insurance Authority, health service providers
and health insurance clients. NHIA is responsible for
the implementation of National Health Insurance
Scheme (NHIS) in Ghana. In this principal-agent re-
lationship, NHIA (principal) contracts health service
providers (agents) to provider healthcare services,
drugs and medicines to health insurance clients.
Another relationship is between health insurance
clients as principal, who expect their agents (NHIA)
and health service providers (hospitals and clinics)
to provide them health insurance services, supply of
drugs and medicines at health facilities. The aim of
this study is to examines the implementation of Na-
tional Health Insurance Scheme (NHIS) in the con-
text of principal-agent relationships in the provision
of health services, supply of drugs and medicines
and the processes of reimbursement for the services
and drugs supplied to health insurance clients in a
developing world context of Ghana.

The agency theory provides the theoretical perspec-
tive. This study adopts largely a qualitative research
design. The main research questions addressed in-
clude: do agents shirk responsibility? What about
principals? in the implementation of National Health
Insurance Scheme in Ghana. The study adds to ex-
isting literature on ‘agency shirking’, it also adds to
knowledge in a new direction that, it is not only the
agents that ‘shirk responsibilities’ but principals were
found to be engaged in what the authors termed ‘shift
of responsibility’ in the implementation of NHIS in
Ghana. This study further adds to public-private part-
nership in the pharmaceutical supply chain (supply
chain management) in a developing world context,
with Ghana as a case study. In this regard, it strongly
recommends stronger collaboration between public
and private sectors and strict monitoring in supply of
drugs and medicines in the implementation of NHIS
in Ghana. The study attempts to bridge the seemingly
gap between public and private sector management
and supply of drugs and medicines in retail and bulk
distribution as well as managerial interests couple
with principal interests. Thus, it examines issues of
interests’ divergence in both sectors.

Theoretical perspective: Principal-agency
theory

The agency theory (principal-agent relationship) pro-
vides the theoretical insights for the study. It helps

to understand key issues of interests’ divergence or
incongruences in the supply chain particularly rela-
tionships between public and private suppliers, dis-
tributors of drugs in Ghana. The incongruences may
be due to profit orientations of agents in the provi-
sion of services and drugs to health insurance bene-
ficiaries. We look at relationships that exist between
principal(s) and agent(s) in implementation of Na-
tional Health Insurance Scheme (NHIS). The rela-
tionship emerges when the ‘principal’ contracts the
‘agent’ to perform some task(s) for the principal. The
principal in this relationship takes a back stage (pas-
sive role) while the agent takes front-line role (active
role) of executing principal tasks or duties on behalf
of principal. The agent in carrying out the task(s) of
principal, takes some decision or action which tend
to have some consequences and the consequences in
turn affect the welfare or wellbeing of ‘both the prin-
cipal and the agent’ (Petersen, 1993, p. 277; 1995,
p. 188). The principal-agent relationships abound
in many fields of study and daily encounters like
teacher-student, doctor-patient, insurer-insured,
employer-employee, lawyer-client, owner-manag-
er relationships among others. At organisational
levels, such relationships may be between govern-
ment agency and private organisation(s). In case
of this study, this relationship takes the form of
public-private health service providers partnership
in provision of healthcare. At managerial levels, it
takes the form of owner-manager relationship, the
manager(s) has managerial skills and the capacity to
perform the task of managing the activities of the
organisation on behalf of the owner. In this relation-
ship, the agent (manager) is assumed as skilful with
expertise to manage or perform the task of the prin-
cipal (owner of organisation).

The principal-agent relationships are without prob-
lems. Petersen (1993; 1995) identifies some two
problems of the principal. The first is how to choose
the agent-get the right, effective and competent
agent or may be face with the risk of wrong agent
(‘adverse selection’). In situations where the prin-
cipal cannot observe agent action(s), agent may
have the incentive to ‘shirk’ duties/responsibilities-
‘asymmetrical information’ (Winter, Skou, & Beer,
2008, p. 4). This may undermine the task(s) of the
principal. Petersen has two assumptions on human
nature on principal-agent: one, ‘humans are hyper-
rational’ based on ‘omnipotent calculators/computa-
tion’. The second assumption is ‘actors behave self-
ishly and do so with guile’ (Petersen, 1995, p. 190).
Similarly, Moe (1984) asserts that bureaucratic
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agents want to maximise their own interests against
their principals. Thus, in the principal-agent rela-
tionship, there is issue of self-interest/self-seeking
of one actor against the interest of another- ‘moral
hazards’ (Bossert, 1998; Worsham & Gatrell, 2005;
Winter, et al., 2008; Erlei & Schenk-Mathes, 2016).
Another issue or problem in principal-agent rela-
tionship is the procedure use in rewarding the agent
(benefits/rewards). It may be based on translation
of action (input) into outputs or outcomes or both,
or based on financial incentives to change the agent
behaviour. Thus, principal and agent decide the kind
of reward systems or ‘incentives’ to operate in their
contractual relationships or dealings in agency cost
and interests of managers of hospitals, clinics or
pharmaceutical companies (Holmstrom & Milgrom,
1991; Pratt & Zeckhauser, 1991; Rees, 1985; Jensen
& Meckling, 1976; Kipo, 2011).

On health policies implementation a number of stud-
ies have explore the relationships between principals
and their agents in service provision, diagnoses, sup-
ply chain management and or pharmaceutical supply
chains among others across the globe, across coun-
tries and or within countries. Nguyen (2011) exam-
ines principal-agent relationships in areas of pre-
scribing patterns (drugs/medicines) and behaviours
of health service providers’ especially private ones.

Brinkerhoff and Bossert (2014) examine principal-
agent relationship on behaviours of health system
actors as well as their performance problems (mul-
tiplicity of social actors in health systems). The first
actors being state actors-politicians, policy makers
and implementers who work in public sector health
bureaucracies like health ministries, agencies and
other public sectors. Second actors as health ser-
vice providers (hospitals, clinics, laboratories et ce-
tera) in public and private sectors. The other actors
are the citizens/clients (service users). Brinkerhoff
and Bossert (2014) argue reforms that introduce
elements of competition among service providers
can increase clients’ power and increase health ser-
vice providers’ incentives to be more accountable
to health service users. Also, service users have the
power/capacity to choose among service providers
where to access health care while state actors provide
policy direction. In Brinkerhoff and Bossert (2014)
work, state actor acted as the principal while service
providers as agents likewise the citizens as principals
in a new public management sense and health ser-
vice providers as agents satisfying the health needs
and demands of the citizens/clients. Brinkerhoff

and Bossert (2014) identified three principal-agent
problems as: accountability failures, power gap, per-
verse incentives and service users overconsumption
of health services.

Winter et al. (2008) utilised principal-agent theory
in the implementation of Danish welfare and em-
ployment policy at the front-line level. They con-
ceived national government/parliament as principal
while managers of local authorities (local politicians/
management) as agents. They found that multiple
principals created ‘conflicting loyalties’ of front-line
workers to either superiors (national policy man-
dates) or keep to the preferences of local politicians/
management. Bossert (1998) applied the principal-
agent in decentralisation of health systems in devel-
oping countries with Ministry of Health as principal
(initiator of health policy objectives) while the local
authorities act as agents. The work focuses on what
happens at the centre and periphery. Bossert (1998)
work implies that centre (principal) should focus
on designing appropriate health policies with right
communication systems, incentives to monitor pe-
riphery to achieve goals. Nguyen (2011) also looked
at principal-agent relationship issues or problems
in health care in a developing country perspective
‘from prescribing patterns of private providers’ in
Vietnam. This article focuses on principal-agent rela-
tionship in public-private health providers in Ghana.

Pharmaceutical supply chain

Pharmaceutical Supply Chain (PSC) is the medium
through which essential pharmaceuticals are deliv-
ered to the end-consumers or end-users at the right
quality, right time and at the right place (Enyinda &
Tolliver, 2009; Mckabe, 2009). Pharmaceutical Sup-
ply Chains (PSCs) are ‘major drivers’ of the health
care sector and their effective management is cru-
cial in healthcare system (Narayana, Pati, & Vrat,
2014). All over the world the public sector alone can-
not meet the health needs of the public in terms of
supply and distribution of pharmaceutical products.
Thus, there is the need for private sector engage-
ment in the supply and distribution of drugs and
medicines to complement ‘state-run drug procure-
ment and distribution systems’ more especially in
Africa (Ballou-Aares et al 2008; Mckabe, 2009).

Pharmaceutical supply chain in Ghana

Pharmaceutical supply chain in Ghana is ‘complex
and interconnected’, it involves interaction between
the public, private self-financed and private faith-
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based sectors. Public-private supply chain is two-
directional: The Public Procurement Act (2003) per-
mits public health providers to buy medicines/drugs
directly from private sector suppliers under certain
conditions (Government of Ghana, 2003b) and pri-
vate self-financed and private faith-based health
providers. The faith-based health providers are the
religious-Christian/Muslim health service providers,
they can also purchase from the Central Medical Store
(CMS)-public source. CMS (located in Tema near Ac-
cra) supplies all public hospitals and clinics medicines
through the ten (10) Regional Medical Stores (RMSs)
for healthcare service delivery as well as private sec-
tor health care facilities in Ghana. In this respect,
Seiter and Gyansa-Lotterodt (2008) argue that some
RMSs in Ghana purchase drugs and medicines up to

Figure 1. Supply Chain (product flows) between

80% from the private sector. They identified some
challenges in private sector particularly the ‘informal
sector’ where a number of unlicensed or unregulat-
ed drugs and medicines are sold to end-consumers/
end-users (patients). This exposes the end-consum-
ers (patients) in Ghana to substandard, counterfeit
or low-quality drugs/medications. Despite these
challenges, the private sector supply chain helps to
fill some lapses, gaps and deficiencies in the public
sector supply chain. The public-sector supply chain
also has some weaknesses such as ‘bottle necks and
persistent drug stock outs’ at health care facilities in
Ghana (Ballou-Aares et al., 2008). Figure 1 illustrates
Ghana’s pharmaceutical supply chain (product flows)
between public and private sectors.
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Figure 1 shows the three main players in pharmaceu-
tical supply chain in Ghana. The extreme left is the
private self-finance sector which supplies thousands
of private dispensaries, hospitals, clinics, maternity
homes. The public sector (middle) shows CMS sup-
plies all 10 RMSs, which then supply all public ser-
vice delivery points (public hospitals, clinics) as well
as mission and private self-finance sectors. The mis-

(|
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» Public Sector » Mission Sectors

sion/faith sector at the extreme right supplies mission
service delivery points and sometime supply public

and private self-finance sectors in Ghana.

Pharmaceutical Supply Chain and
NHIS Payment Mechanisms in Tamale
Metropolis
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In Tamale Metropolis, the Claims Processing Centre  local level pharmaceutical supply chain and claims

at NHIA regional office handles claims issues. The = payment system is in Figure 2.

Figure 2. Pharmaceutical Supply Chain and NHIS Claims Payment System in Tamale
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From Figure 2, the main source of funding for im-
plementation of NHIS is the National Health Insur-
ance Fund (NHIF) which is located and administered
at the national capital (Accra). The funds are release
from the top to NHIA regional or district offices for
payments as subsidies (for people exempted from
payment of annual claims) and re-insurance (other
cost/expenses). Besides the NHIF other local level
funds include payment of premiums and registra-
tion fees. The Claims Processing Centre (CPC) vets
all claims submitted by health service providers in
Tamale Metropolis and pay monthly claims into
bank accounts of public and private health service
provider. The health service providers monthly
claims shall be paid ‘within four weeks by schemes’
(GoG, 2003, p. 17) or for a period ‘determined by
scheme and service providers’ (GoG, 2012, p. 39).
Public and private health service providers (clin-
ics, hospitals, pharmacies and licensed chemical
shops) purchase (buy) the pharmaceutical products
from private suppliers or companies or from public
suppliers (Regional Medical Stores) and stock their
pharmacies or dispensaries to be provided to health
insurance clients. Hospitals, clinics, pharmacies and
licensed chemical shops are the Service Delivery

Points (SDPs) who provide pharmaceutical products
(drugs/medicines) to end-consumers (health insur-
ance clients) in the implementation of NHIS at local
level in Ghana. This shows the local level pharma-
ceutical supply chain.

RESEARCH METHODOLOGY: DATA
COLLECTION TECHNIQUES AND
ANALYSIS

This study was conducted in an urban setting of Gha-
na (Tamale Metropolis) with a population of 371,351
based on 2010 population and housing census (Gha-
na Statistical Services [GSS], 2012). Our choice of
Tamale Metropolis is premise on its cosmopolitan
nature and the city with the largest number of ac-
credited health service providers in North of Ghana.
We used duration, and number of services provided
criteria to select four health service providers. Beside
the four health service providers, we selected some
pharmacies, pharmaceutical companies, suppliers
in public-private supply chain. Table 1 shows the se-
lected health service providers, suppliers and retail-
ers in implementation of National Health Insurance
Scheme (NHIS) in Tamale Metropolis.

Table 1. Selected NHIS Health Service Providers, Suppliers and Retailers

Health Service Providers Ownership
West Hospital Public
SDA Hospital Private
Bilpeila Health Centre/Clinic Public
Haj Adams Clinic Private

Suppliers and Retailers Ownership
Regional Medical Store Public
Ernest Chemists Private
Opac Drug House/Pharmacy Private
Peekay Gombi Pharmacy Private
Tobinco Pharmaceuticals Ltd Private

S.M. Licensed Chemical Shop Private

Note: S.M-Seidu Mashud

Most studies on the pharmaceutical supply chain
adopt quantitative research methods and data
sources like (Shah, 2004; Mckabe, 2009; Nguyen,
2011; Narayana et al, 2014). Our choice of qualita-
tive methods of data collection and analysis is to
help us explain this phenomenon better. Our use of
in-depth interviews and focus group discussion en-
abled us interact with participants in their ‘natural
setting’ (Yin, 2014). We interviewed pharmacists at
their service delivery points, pharmaceutical prod-
uct suppliers in their offices, reach out with licensed
chemical shop dealers on-site, health service provid-
ers at workplace and then meeting various health
insurance clients at homes, health insurance offices

and at service delivery points in Tamale Metropolis.
There have been many studies on Ghana’s health in-
surance as well as studies on pharmaceutical supply
chain like Ballou-Aares et al, 2008; Catherine et al,
2008; Mckabe, 2009; Makinen, Sealy, Bitran, Adjei,
and Munoz, 2011). But not many studies on the
principal-agent problems in the implementation
of NHIS in Ghana. In contributing to the principal-
agent problems in the implementation of NHIS,
we specifically focus on patterns of prescribing and
dispensing of drugs and medicines to health insur-
ance clients in Ghana. The reason or motive for
examining patterns of prescription of drugs and
medicines from medical practitioners and dispens-
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ing of drugs and medicines from pharmacies and
drug stores aim to solicit the views of medical doc-
tors, physician assistants and pharmacists on the
administration of drugs. Moreover, we aim to get
better understanding of the supply chain from both
public and private service providers perspectives.
Most literature on the principal-agent problems or
relationships come from the western or developed
countries, we are hopeful that our research or study
will contribute to the little literature in the devel-
oping world especially Ghana. This area of research
and the data collection strategies and analysis will
hopefully add to the understanding of the relation-
ships that exist between the two principals (NHIA
and clients) and their agent (health service provid-
ers- hospitals, clinics). Qualitative research strategy
is multi-method in focus, interpretive and natural-
istic in approach.

Also, qualitative data provides useful insights into
human behaviours. Such data sources include col-
lecting life stories, personal experiences, inter-
views, historical, visual texts, observations, docu-
mentation and physical artefacts (Twumasi, 2001;
Gray, 2009; Bryman, 2012; Yin, 2014).

We used ‘purposive sampling method to select par-
ticipants (health insurance officials, service pro-
viders officials and health insurance clients). We
consciously selected the insurance clients based
on categories through ‘quota sampling’ technique’
(Twumasi, 2001, p. 28). This technique enabled us
to have the various categories from contributors
(formal/informal sectors) and those exempted from
paying annual premium (children and those below
18 years, pregnant women, the aged (70 years and
above), core poor in society (indigents) and pension-
ers (social security). The categorisation of beneficia-

Table 2. Categories of Participants

ries was done in line with the health insurance pol-
icy documents; thus, we took those categories from
the health insurance policy documents (GoG, 2003;
2012). To enable us understand task of the principal
(NHIA), we solicited the views of health insurance
officials at district and regional levels. Officials han-
dling claims on drugs and medicines at the claims
processing centre and officials handling registration
and renewals of clients. We also sought the views
of agents (health service providers-officials in hos-
pitals, clinics, pharmacies, licensed chemical shops,
public-private pharmaceutical product suppliers
and retailers). We probed during interviews, we also
used both ‘closed and open-ended questions’ in our
interview guides. We administered the semi-struc-
tured questions in the study area (Bryman, 2012).
In doing so, we created a friendly atmosphere for
participants to share their life stories, experiences
on supply of drugs and medicines, reimbursement
and the problems they encounter in the daily imple-
mentation of NHIS in Tamale Metropolis. Table 2
illustrates the selected participants. Information
obtained from various sources including interviews
were analysed through coding, transcription, typing
and using direct quotes, as well as content analysis
along thematic areas. Towards ‘reliability’ of find-
ings, we used data triangulation/multiple sources
(Yin 2014) and ‘credibility’ (Zhang & Shaw, 2012)
study research design was rigorous and back with
theory. These validity strategies were used: ‘member
checking’ participants having an opportunity to de-
termine the accuracy of fieldwork information, this
was possible due to 12 months fieldwork. We used
‘rich thick description’ with participants shared ex-
periences and reliability procedures like transcrip-
tion as we carefully translated local languages into
English, 107 participants in all.

NHIS
Service Suppliers & NHIS
Categories ] NHI.A PP . Exempt . Total
Providers Officials Retailers Contributors
Group
Number 8 3 12 8 37
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EMPIRICAL EVIDENCE:
FINDINGS

RESULTS/

This study is guided by the agency theory (principal-
agent relationships) in provision of health services
and the supply of drugs and medicines to health
insurance clients in Ghana. For ‘clarity of results’
(Zhang & Shaw, 2012), we categorised findings
along major themes in answering our research ques-
tions. Results, is followed with discussions of find-
ings with theoretical insight.

Relationship between health service
providers and suppliers of drugs and
medicines

The questions asked focused the on suppliers of
pharmaceutical products as in Figure 3 and the
terms of payments. We tried to find out from health
service providers (clinics/hospitals) where they take
their pharmaceutical products from and how they
pay their suppliers. The responses were mixed be-
tween the public and private health service provid-
ers. The public clinic officials (pharmacists/adminis-
trators) indicated that most of their pharmaceutical
products came from Regional Medical Store (public
supplier) through Ghana Health Service (GHS) Met-
ropolitan Health Management Team (MHMT). The
private clinic officials indicated that they have more
suppliers to procure drugs and medicines. Also,
they said the private clinic is free to procure drugs
and medicines from the public supplier (RMS) and
the numerous private sector suppliers.

On the two hospitals, we interviewed two officials,
one in general administration and the other in the
pharmacy unit. The public hospital main supplier of
pharmaceutical products is Regional Medical Store
(RMS). The public hospital administrative staff in-
dicated that they had to follow procurement rules
strictly to enable them procure other pharmaceuti-
cal products from private sector suppliers when the
main public supplier (RMS) is not able to meet all
their product needs. A pharmacist in private hos-
pital revealed that they often take their supplies
from three sources namely Ghana Adventist Health
Services (GAHS), Regional Medical Store (RMS) and
the various suppliers in private sector. We noted
less bureaucracy in private hospital procurement.

We also made efforts to reach out with the main
suppliers of pharmaceutical products on how they
work with health service providers in the imple-
mentation of NHIS in Tamale Metropolis. The vari-
ous pharmaceutical companies and other suppliers
indicated that they prefer inter-bank payments
through use of cheques than cash payments. We re-
alised that due to fear of robbery, most suppliers es-
pecially salesmen preferred payments through the
banks than cash payments.

Relationship between Principal (NHIA)
and Agent (Health Service Providers)

All interviews and documentations were obtained
from accredited facilities and their staff. The four
selected health service providers received accredita-
tion for the past years and have since been reaccred-
ited periodically in line with the National Health
Insurance Acts, 2003 and 2012 as well as the legis-
lative instrument (1809), 2004 (GoG, 2003; 2004;
2012). The public hospital and clinic received some
‘automatic’ accreditation license from the National
Health Insurance Authority (to operate NHIS in
2005 while the private clinic and hospital applied
for accreditation and received ‘provisional’ accredi-
tation license in 2005 to implement NHIS in the Ta-
male Metropolis of Ghana. However, this practice
has changed since the passage of the new act (Act
852) passed in 2012 which require that both public
and private health service providers must be cre-
dentialed (accredited) by NHIA before they imple-
ment NHIS in Ghana.

It is required for health service providers (agents)
to submit their monthly claims to the NHIA (princi-
pal). The NHIA is expected to vet the monthly claims
thoroughly and reimburse health service providers.
Act 650 (2003) require NHIA to reimburse monthly
claims within 4 weeks upon receipt of claims while
Act 852 (2012) require that reimbursement should
be made within an agreeable period between NHIA
and health service providers. During interviews, we
noted that both agreed that payments should be
made within reasonable periods without exceeding
six months after submission of claims to NHIA. Ta-
ble 3 illustrates the responses (direct quotes) of par-
ticipants (officials of NHIA as principal, and health
service providers as agents).
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Table 3. Direct Quotes from Participants

1. Public hospital pharmacist

“My bro health insurance is the surest way to health care, without it many lives will
be lost. It is a guarantee for life once one subscribes to it. For the hospitals it has re-
duce fear for service utilisation and that led to increase patronage for health services.
Drugs that the poor cannot buy with cash they get them free of charge so what is
more than this? But do you know the sad story of health insurance? It is delays in
claims payments”.

2. Public hospital pharmacist

“The delays though mild in the public sector yet contribute to stock-outs in many
pharmacies and dispensaries because we need cash to procure some essential
drugs since we cannot get all from the regional medical store”.

3. Private hospital pharmacist

We like the health insurance scheme because it is a major source of revenue for the
hospital; it also helps the poor to access healthcare services and have free access to
drugs and other medications. However, payments of claims are the biggest problem.
Sometimes it takes over six months without payments. Can you imagine how the
hospital will manage to buy drugs and pay its staff salaries and other incentives?
How can you provide services and drugs and will have to wait for over six months to
be paid? That is bad and this affects us a lot. No wonder we sometimes go on strike
to get our claims”.

4. Public clinic administrative
officer

“We are part of GHS we are paid by the state so why should we go on to boycott
health insurance, we get our salaries and products from GHS".

5. Private clinic physician
assistant

“What is the point embarking on strikes and losing lots of revenue? The more you
refused to provide services and drugs to insurance clients the more you lose revenue
to the facility that's why we don't embark on strikes"

6. Peekay Gombi pharmacist

“Eeeii we usually receive prescription forms from patients from all hospitals and clin-
ics in Tamale. We don’t discriminate between patients whether from public or private
facility, once the prescription form is signed and stamped that is all, we accept it and
provide the patients the drugs as prescribed. However, frequent delays in payments
of claims are our biggest problems”.

7. Licensed chemical shop seller

“Health insurance people don't often visit our drug store but those who come with
prescription forms, we do provide them the needed drugs but delays in reimburse-
ment is what affect our revenue and affect both quantity and quality of drugs. It is
too bad that it can take over six months”.

8. Metropolis NHIA officer

“We are very much aware of how some facilities refused to dispense drugs to clients
but take their prescription forms to demand claims from us”.

9. Metropolis NHIA line
manager

“National health insurance fund is main source of funding from national, those we
generate locally: registrations and payments of annual premiums. Most people are
interested in health insurance and they do register and renew their membership.
Though we cannot say it openly there is secret politics”

10.Regional NHIA officer at
Claims Processing Centre
(CPC, Tamale)

“We usually vet the monthly claims of facilities to see that right prescriptions and
tariffs are charge. Also, we check to see if subscribers indeed visited their facilities.
Payments of claims take two forms: services rendered and drugs supplied to sub-
scribers. Deductions or additions are given to facilities for wrong charges or for fair-
ness. On payments we sometime encounter delays due to rigid vetting at processing
centre to check fraud. We always try to avoid non-payments beyond three months
and not exceeding six months”.
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We asked questions in relation to reimbursement
from NHIA for drugs and medicines provided to
health insurance clients. These questions were di-
rected to the principal (NHIA) regional and district
officials. The same questions were also directed to
the agents (health service providers). The responses
of the NHIA officials are in Table 3, quotes 8-10.
They indicated that they have fulfilled their con-
tractual agreements through the rigorous vetting of
claims, checking wrong charges and multiple entries
as well as wrong application of tariffs on drugs and
medicines. In addition, the principal (NHIA) indi-
cated that periodic clinical audits are conducted as
additional measures to check fraud and abuses from
their agents (health service providers-hospitals/
clinics and other service providers). NHIA officials
admitted to delays in reimbursement for services,
drugs and medicines but associated such delays to
rigorous vetting and monitoring on agents.

On the other hand, the agents from both public and
private indicated that their principal (NHIA) has
failed in carrying out its contractual agreements
such as payments within four weeks or not exceed-
ing six months upon receipt of health service pro-
viders claims. The agents’ responses to delays and
non-payments of claims for months or over six
months in Table 3, quotes 1-3, 6-7). But the agents
were divided on the use of strikes or protests to de-
mand for prompt payments.

While the faith-based hospital joined other Chris-
tian Health Association of Ghana (CHAG) to em-
barked on strikes across Ghana in 2013 and 2014,
other private suppliers of drugs and medicines
joined the strikes (Daily Graphic Newspaper pub-
lications on July, 2, 2014, p. 11) and other online
publications (Ghanaweb News). Most private health
service providers and pharmaceutical companies
joined strike to boycott NHIS. But private for-
profit clinic declined to join other private groups
on strikes on grounds that the facility will lose rev-
enue if it embarks on strike (see Table 3, quote 5).
Public service providers did not embark on strikes
as state health providers (Table 3, quote 4). They re-
ceived more pharmaceutical products from the pub-
lic supplier-regional medical store. We found that
the private health service providers felt the delays
in reimbursement more because they had to pay
their workers salaries, procure drugs and medicines
on their own. Thus, we noted more financial pres-
sure was on the private sector health providers than
public ones.

Despite the challenges or problems between the
principal and the agents in reimbursement, we
asked if there were some prospects in the imple-
mentation of NHIS. The responses of officials of
the two hospitals showed that NHIS is a very good
social intervention programme that has benefited
the people of Ghana in terms of access to health-
care services and drugs. It has also contributed to
increased patronage for healthcare services thus
increased service utilisation. It has removed some
financial barriers to healthcare since health insur-
ance clients have free access to number of essential
drugs (approved drugs) and wide range of services.
Moreover, since the implementation of NHIS, the
fear for payments for medical bills especially drugs
and admission fees have been removed as such ser-
vices are part of NHIS benefits package for clients.

Issues of Prescription Forms for Drugs and
Medicines in Implementation of NHIS

When health service providers (hospitals and clinics)
do not have certain drugs or medicines in their phar-
macies or dispensing stores, the health professionals
will normally issue a prescription form usually signed
and stamped with details of health insurance client.
The prescription form is presented to the client to be
taken to other accredited pharmacies, licensed chem-
ical shops (drugstore) for drugs and medicines that
are out of stock at the hospital or clinic. This medical
practice of issuing prescription forms to clients is an
effective way of helping health insurance clients to
have access to drugs and medicines that are not avail-
able at hospitals or clinics visited.

The accredited pharmacies and licensed chemi-
cal shops in turn provide health insurance clients
drugs and medicines and forward their monthly
claims to NHIA for payments. A pharmacist in one
accredited pharmacy in Tamale Metropolis (Peekay
Gombi Pharmacy) commented on their working re-
lationships with health service providers (hospitals,
clinics) and NHIA (Table 3, quote 6). An accredited
chemical shop seller confirmed receiving prescrip-
tion forms (Table 3, quote 7). However, we observed
certain bad practices at accredited pharmacies and
licensed shops which include the practice of receiv-
ing prescription forms without dispensing drugs
and medicines to health insurance clients, problems
no drugs, demand for some cash payments from cli-
ents due to differences in tariffs, the practice of not
providing clients all the drugs prescribed by health
professionals at hospitals and clinics, and the prac-
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tice of ‘go and come for drugs the next day’. These
were observed at those accredited pharmacies and
licensed chemical shops in Tamale.

We then interviewed officials of NHIA to solicit their
views on some issues/complaints from four health
service providers and the other accredited pharma-
cies and licensed chemical shops officials. Officials
of NHIA admitted to delays in reimbursements and
how it can affect quality of services, drugs and med-
icines but blame some of the accredited health facil-
ities for engaging in malpractices which made them
spend more time in vetting claims. Some accredited
health service providers/facilities are busily cheat-
ing our subscribers and doing wrong things (Table
3, quote 8). Thus, decision to critically examine
claims and vet them properly (Table 3, quote 10).

Moreover, NHIA officials at district and regional
offices confirmed that some deductions were made
on monthly claims of some accredited health ser-
vice providers/facilities as complained by officials of
health service providers. The NHIA officials main-
tained that those deductions were due to some
abuses, errors or fraudulent deals. NHIA officials
disagreed that they often owe their agents claims
beyond six months contrary to the agreement they
had with their agents.

Documentary evidence from the field confirmed de-
ductions of health service providers monthly claims.
The national office of NHIA was suspicious of some
malpractices at local level across Ghana between lo-
cal NHIA officials and some health service providers.
There was suspicion of connivance between some
NHIA officials and health service providers with
the feeling that local health insurance officials were
not diligent in vetting and verification of monthly
claims at local level. In this regard, NHIA instituted
clinical audits across the country. In the Tamale Me-
tropolis clinical audit took place in March 2010 in
which eight health service providers claims were au-
dited. The clinical audit aimed to cross check claims
vetted by local level NHIA officials. After the audit
it was discovered that a huge amount of GH¢279,
069.81 (72,485.67 USD) was wrongly paid to the
eight selected health service providers in 2010. A
second clinical audit was conducted in June 2012
in Tamale Metropolis by the national audit team.
An amount of GH¢486,268.31 (125,679.33 USD)
was deducted from thirteen health service pro-
viders. The national audit collected relevant docu-
ments including attendance books, monthly claims

reports, NHIS attendance registers et cetera. They
thoroughly audited them and recommended that all
wrongly paid monies be deducted from the affected
health service providers claims. The most affected
health service providers with more deductions was
the private clinic, followed by the private hospital
while the least affected was the public clinic (Tama-
le Metropolitan Mutual Health Insurance Scheme
(TMMHIS) Annual Reports, 2010; 2012).

Relationship between Principal (Clients)
and Agents (Health Service Providers)

The second principal-agent relationship is between
health insurance clients (the principal and health
service providers (agents) in the implementation of
NHIS in Tamale Metropolis. We solicited the views,
opinions and experiences of health insurance cli-
ents (end-consumers) of pharmaceutical products
on the implementation of NHIS at the local level.
We used both in-depth and Focus Groups Discus-
sions (FGDs). The health insurance clients freely ex-
pressed their opinions and shared their experiences
on the provision of drugs and medicines at the four
selected health service providers (hospitals/clin-
ics). The health insurance clients confirmed that
they often receive drugs and medicines free from
health service providers. Many mentioned of re-
ceiving drugs and medicines from accredited phar-
macies like Peekay Gombi and Opac Drug House
with their prescription forms. Few also mentioned
of receiving drugs and medicines from licensed
chemical shops in Tamale Metropolis. Some preg-
nant women interviewed confirmed receiving preg-
nancy medications without payments at the four
health service providers as well as other accredited
facilities. We also made on-site observations on the
issuing of prescriptions forms and the dispensing
of drugs and medicines to health insurance clients
(end-users or end-consumers of pharmaceutical
products). We noted there were long queues of cli-
ents at various Out-Patient Departments (OPDs)
pharmacies and dispensaries waiting for drugs and
medicines. Our observations confirmed the medical
practice that in some instances where some drugs
and medicines were not available at facilities phar-
macies and dispensaries, prescription forms were
issued by medical personnel to their clients to visit
other accredited pharmacies and chemical licensed
shops. Most responses from end-consumers or
end-users of pharmaceutical products showed that
private health service providers dispense more ex-
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pensive drugs than their public counterparts (Table
4, quotes 2) in implementation of NHIS in Tamale
Metropolis in Ghana.

Despite prospects of clients increased access to
drugs and medicines and revenue for hospitals and
clinics (see Table 4, quotes 10-11) and other accred-
ited pharmacies and licensed chemical shops some
clients still shared their frustrations in other areas.
These frustrations/problems were noted during the
in-depth interviews and FGDs. The health insur-
ance clients indicated that some expensive drugs
were either excluded or service providers demanded
cash payments for them. Some health insurance cli-
ents were of the view that most of the drugs and
medicines provided them free were less expensive
particularly those obtained from the public sec-
tor. These observations revealed that the principal
(health insurance clients) were not so happy with
the performance of some agents (health service
providers) in terms of access to expensive and effec-
tive drugs and medicines at point of service delivery
(hospitals, clinics other providers).

We also found from the field habits like ‘shopping
spree’ where some health insurance clients (end-us-
ers/consumers) visit many health service providers/

facilities to be provided with drugs and medicines for
other family members or friends (Table 4, quotes 7)
at the expense of NHIA. The principal (some clients)
abusing the agent (NHIA) through use of other per-
sons insurance cards to access drugs and medicines
by fraudulent means. In some extreme cases some
incidence of expired drugs and medicines were sup-
plied by health service providers to health insurance
clients (end-consumers) especially to the illiterates
(those who cannot read English). We observed a sim-
ilar case at a private pharmacy where the dispensing
officer mistakenly dispensed expired drugs to health
insurance client and when the client checked expiry
date, he quickly returned those drugs. The dispensing
officer apologised and promised it will not happen
again since expired drugs are often removed from
dispensing shelves and wondered why they were left
there. If the client was an illiterate he or she would
have gone with the expired product. Thus, the agents
(health service providers) also abused the principal
(clients) in some areas like supply of expired prod-
ucts/supply of less quantity as required. The end-
users of pharmaceutical products (clients) responses
at both in-depth interviews and FGDs are in Table 4,
quotes 1- 9.

Table 4. Interview/FGDs Responses from Beneficiaries and staff of health care facilities

1. Indigent

“They don't respect we the poor ones. | sat here and many people are by-
passing me to see the doctor”.

2. Pregnant woman

“The drugs we get from facilities especially government clinics and hospi-
tals most of them are cheap para, they don't cost much, expensive drugs
like foreign pregnacare plus omega 3 will not be given to insurance people
only those with cash will get them”

3. SSNIT contributor

“I don’t normally fall ill but had to join health insurance it times of emergen-
cy or at periods of no money so it is my social security”.

4, Aged

“Some NGOs helped to register me and they come to pick my card for re-
newals | don't pay pesewas when | go to hospital with health insurance”.

5. Pupil (basic level)

“It is my mother who registered me for health insurance, | am always sick of
malaria that is why my mother registered me”.

6. Premium Payee

“l am a carpenter so | registered for myself, wives and all children, we don't
pay money at clinics it is a good insurance for life".

7. Student(secondary)

“In the school we use friends’ cards and we us this insurance card for mobile
money, also my school authority asked all to register for it"

(continue)
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(conclusion)

8. Lamashegu FGD

Most participants complained of long queues at hospitals and clinics with
health insurance, poor treatment from facilities. Four supported this while
one praised health insurance saying. “it is my survival card when | visit hos-
pital, no fears for medical bills".

9. Moshie-Zongo FGD

Members showed praises on health insurance as when there is no money,
one can visit any hospital for drugs and medicines. A group member said
this about health insurance “it saves life and reforms life and brings hope to
the hopeless with health insurance card”.

10. Private facility staff

“Health insurance is the main source of funding; we used money to buy
drugs and pay workers and it is far better than cash and carry”

11. Public facility staff

away from bills"

“The people of Ghana are happy for this policy, which is very friendly to
poor and vulnerable ones is society for free health care. The poor don't run

DISCUSSIONS OF FINDINGS

Principal-Agent Issues and Problems in
the Implementation of NHIS

The results or findings confirmed that there is a con-
tractual relationship between the principal (NHIA)
and agents (health service providers-the selected
hospitals, clinics and other providers) through ac-
creditation and re-accreditation in accordance with
health insurance Acts (650; 852).

Findings on prescribing and dispensing patterns for
drugs and medicines for health insurance clients
from the various private health service providers
concur with Moe (1984) assertion that ‘bureaucratic
agents want to maximise their own interests against
their principals’. But this finding was not consistent
with those in the public sector. The findings also
agree with Nguyen (2011) that private service pro-
viders have desire to prescribe and dispense more
drugs to insurance holders for profit maximisation.
However, such prescribing patterns were not noted
with public health service providers. These princi-
pal-agent problems were noted between NHIA and
health service providers in the area of prescribing
and dispensing of drugs and medicines to clients.
The private health services providers were more
‘self-seeking’ or ‘selfish’ with more moral hazards
than their public counterparts, which agrees with
a number of studies on agents’ self-interests/self-
seeking (Worsham & Gatrell, 2005; Winter, et al
2008; Erlei & Schenk-Mathes, 2016). Other prob-
lems identified in this study is that the reward sys-
tem for performance is not clear, this created some

mistrust or suspicion between the principal (NHIA)
and the agent (service providers).

On the issues of monitoring of the agents (health
service providers) by the principal (NHIA), The
principal was found proactive in monitoring the ac-
tions of the agents in areas of rigorous claims vet-
ting and clinical audits which helped in checking
fraudulent acts from some agents. But, on reim-
bursement for services, drugs and medicines pro-
vided by health service providers, we realised that
the NHIA as principal was not able to honour the
agreement in terms of prompt payments of claims
(reimbursement), it was indebted over six months
to agents (health service providers). The agents
honoured their part by rendering more services,
drugs and medicines to clients but principal failed
in keeping to its contractual agreement in line with
insurance law. This confirmed shifting of respon-
sibilities by the principal-NHIA as it concurs with
Holmstrom and Milgrom (1991) and Pratt and
Zeckhauser (1991) works on breaches on contrac-
tual relationships. The agents (health service pro-
viders) on the other hand, we noted breach of trust.
For instance, the faith-based private hospital, some
private pharmacies and suppliers of drugs and med-
icines embarked on nationwide strikes, denying
clients access to healthcare services. For instance,
the Ghana Chamber of Pharmacy (pharmaceutical
distributors) on February 10, 2014 decided to with-
draw the supply of drugs and medicines to NHIS
accredited health service providers across Ghana.
This behaviour amounts to ‘breach of contract’ or
‘breach of trust’ for their principals (NHIA and cli-
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ents). This finding on agents particularly the private
health service providers use of strikes to demand
payments of claims in Ghana concurs with findings
of Fusheini, Marnoch, and Gray, 2016.

We also found problems of ‘conflicting loyalties’ be-
tween the public and private health service providers
where public providers were more loyal to NHIA than
the private ones in areas of prescriptions, applications
of tariffs, invoicing as reflected in both interviews and
documentary sources of data (clinical audits). Such
finding on ‘conflicting loyalties’ among the agents at
the local level is consistent with Winter, Skou, & Beer
(2008) findings in which multiple principals created
conflicting loyalties in the implementation of Danish
welfare and employment policy at front-line level. At
some point the service providers appear loyal to one
principal (NHIA or clients). Some abuses were found
that affect the implementation of NHIS from health
insurance clients in the forms of over-utilisations (fre-
quent visits) in getting drugs for other relatives and
friends. Some facilities also engaged in over-invoicing,
over-billing, demanding cash payments etc. Some
NHIA officials’ connivance with facilities to cheat
scheme through poor claims vetting.

Implications of findings for policy mak-
ers and international audience

The empirical evidence from the field suggests health
service providers and medical stores have to strength-
en pharmaceutical supply chain networks, build hu-
man resource capacity and take measures against
pilfering of drugs to prevent frequent stock-outs par-
ticularly in public sector. The growing number of pri-
vate drug suppliers is worrying at the local level with
the influx of substandard and counterfeit drugs and
medicines and this call for a stronger regulation and
control by the pharmacy and drugs authorities in the
distribution and retailing outlets. This is in line with
McCabe (2009) suggestions for Ghana, Mali and Mala-
wi pharmaceutical sector. Our findings also show that
there is persistent pharmaceutical drug stock-outs
in public sector (Ballou-Aares et al., 2008 and Maki-
nen et al, 2011). Also, there is too much bureaucratic
procedures at public sector and growing numbers of
unregulated salesmen, middlemen and drug dealers
at the local level. This Narayana, Pati & Vrat (2014),
call for effective collaboration between public and
private sectors partnerships in purchasing processes
and supply chains networks. This study recommends
that NHIS need to re-strategize in its payment mecha-
nisms to include capitation systems where healthcare

facilities are pre-finance for some particular clients to
minimise its indebtedness to service providers. More-
over, there is room for improvement in its recruitment
processes to enable the scheme recruit highly qualified
and competent staff to vet, to process and manage
claims at various claims vetting centres and scheme
offices across Ghana. Another problem identified is
the politics of recruitment. This study recommends
for stringent measures to minimised this practice to
get the right personnel to save the scheme from pos-
sible collapse from its persistent high indebtedness to
health service providers. This study finding on politics
concurs with Fusheini Marnoch, and Gray (2016) find-
ings that over-politicization, political interference and
poor gate keeping system are key challenges affecting
implementation of NHIS in Ghana. Thus, effective
gate keeping mechanisms for referrals and prescrip-
tion is very necessary for NHIS. Similarly, effective
control measures should be instituted against abuses
by clients by limiting the number times they will visit
health service providers and with strict checking of cli-
ents’ identities before services and provision of drugs
at facilities. Financial malpractices by both health in-
surance officials and health service providers should
be severely punished to deter others.

Contribution

This study found a new dimension, that not only
agents ‘shirk their responsibilities’ but it noted a
new pattern with principal engaged in ‘shift of re-
sponsibility’. We recommend that future research
or researchers would examine this new dimension
and pattern of behaviour between principal(s) and
agent(s) in supply chain management in Ghana or
elsewhere in the world.

This study may have a geographic limitation but the
findings can be transferable to other places with
similar settings. It adopted largely a qualitative re-
search approach which focuses more on ‘analytical
generalization’ rather than ‘statistical generaliza-
tion’ (Yin, 2014, p. 48).

CONCLUSION

Health policy formulation and design factors seri-
ously need to be considered in order to make health
policies more implementable. Framers of NHIS
should have assessed the relationships between prin-
cipals (NHIA) and agents (health service providers)
in terms of incentives, profit maximisation and qual-
ity assurance in order to select the right agents. This
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suggest that rigorous accreditation process is needed
before granting health facilities license to implement
NHIS. This will help to get agents whose interests
and goals are in congruence with NHIS in Ghana. We
recommend strict regulations in tariffs, vetting of
claims and prompt claims reimbursement.

ACKNOWLEDGMENT

We appreciate the support of staff of health facili-
ties, suppliers and health insurance scheme.

REFERENCES

Ballou-Aares, D., Freitas, A., Kopczak, L. R., Kraiselburd, S.,
Laverty, M., Macharia, E., & Yadav, P. (2008). Private sector
role in health supply chains: Review of the role and poten-
tial for private sector engagement in developing country
health supply chains. Dalberg Global Development Advisors
and MIT-Zaragoza International Logistics Program.

Bossert, T. (1998). Analysing the decentralisation of health
systems in developing countries: Decision space, innova-
tion and performance. Social science and Medicine, 47(10),
1513-1527.

Brinkerhoff, D. W., & Bossert, T. J. (2014). Health governance:
principal-agent linkages and health system strengthening.
Health Policy and Planning, 29(6), 685-693.

Bryman, A. (2012). Social Research Methods. Fourth ed. Oxford,
UK: Oxford University Press.

Catherine, A, Bruce, E, Chimnani, J, Eghan, K, Tettey, G, &
Veskov, D. (2008). Ghana: PMI Assessment of the supply
chain and phamarceutical management for antimalarials
and ITNs. Arlinton, Va: UASIAD / DELIVER PROJECT,
Task Order 3, and MSH Strengthening Pharmaceutical Sys-
tems (SPS) Program.

Enyinda, C. L., & Tolliver, D. (2009). Taking counterfeits out
of the pharmaceutical supply chain in Nigeria: Leveraging

multilayer mitigation approach. Journal of African Business,
10(2), 218-234.

Erlei, M., & Schenk-Mathes, H. (2016). Bounded rational-
ity in principal-agent relationships. German Economic Re-
view ,18(4), 411-443.

Fusheini, A., Marnoch, G., & Gray, A. M. (2016). Implementa-
tion challenges of the National Health Insurance Scheme
in selected districts in Ghana: Evidence from the field. In-
ternational Journal of Public Administration, 40(5), 416-426.

Ghana Statistical Service. (2012). 2010 Population and Hous-
ing Census. Accra: Sakoa Press. Retrieved from http://
www.ghanaweb.com/GhanaHomePage/NewsArchive/
Pharmaceutical-distributors-to-withdraw-medicine-sup-
ply-300234

Government of Ghana. (2003). National Health Insurance Act
(Act 650). Accra: GoG.

Government of Ghana (2003b). Public Procurement Act (Act
663). Accra: Government of Ghana (GoG).

Government of Ghana (2004). National Health Insurance Regu-
lations. (L. 1.1809). Accra: GoG.

Government of Ghana (2012). National Health Insurance Act.
(Act, 852). Accra: GoG.

Gray, D. E. (2009). Doing Research in the Real World. Second Ed.
London: Sage Publications.

Holmstrom, B., & Milgrom, P. (1991). Multitask principal-
agent analyses: Incentive contracts, asset ownership, and

job design. Journal of Law, Economics, and Organization, 7,
24-52.

Jensen, M. C., & Meckling, W. H. (1976). Theory of the firm:
Managerial behavior, agency costs and ownership struc-
ture. Journal of financial economics, 3(4), 305-360.

Kipo, D. D. (2011). Implementation of public policy at the lo-
cal level in Ghana: the case of national health insurance
scheme in Sawla-Tuna-Kalba District. Master of Philoso-
phy Thesis, University of Bergen, Norway.

Makinen, M., Sealy, S., Bitran, R. A., Adjei, S. and Munoz, R.
(2011). Private Health Sector Assessment in Ghana. World
Bank Working Paper No. 210. World Bank Publications.

Moe, T. M. (1984). The new economics of organization. Ameri-
can journal of political science, 28(4), 739-777.

Mckabe, A. (2009). Private Sector Pharmaceutical Supply and
Distribution Chains: Ghana, Mali and Malawi. Health Sys-
tems for Outcomes Publication. HSO Pharmaceuticals.

Retrieved from http://www.ndr.mw:8080/xmlui/han-
dle/123456789/1092

Narayana, S. A., Pati, R. K., & Vrat, P. (2014). Managerial re-
search on the pharmaceutical supply chain-A critical re-
view and some insights for future directions. Journal of
Purchasing and Supply Management, 20(1), 18-40.

National Health Insurance Authority. (2013a). 10th Anniver-
sary International Conference Report. Accra: NHIS Ghana.

National Health Insurance Authority. (2013b). Annual Report.
Accra: NHIA.

National Health Insurance Authority. (2014). Accreditation
Report-July 2009-December 2013. Accra: NHIA.

Nguyen, H. (2011). The principal-agent problems in health
care: evidence from prescribing patterns of private provid-
ers in Vietnam. Health Policy and Planning, 26, 153-162.

Petersen, T. (1993). Recent developments in: the economics of
organisation: The principal-agent relationship. Acta Socio-
logica, 36(3), 277-293.

Petersen, T. (1995). The principal-agent relationship in organ-
isations. In P. Foss, (Ed) Economic Approaches to Organisa-
tions and Institutions: An Introduction. Aldershot, UK: Ash-
gate Publishing Limited.

Pratt, J. W., & Zeckhauser, (1991). Principal and agents: an
introduction. In J. W. Pratt, J. W., & R. Zeckhauser, (Eds),

© JOSCM | Sao Paulo | V.11 | n. 2 | July-December 2018 | 59-74

ISSN: 1984-3046

73



74

AUTHOR | Daniel Dramani Kipo-Sunyehzi

Principals and Agents: The Structure of Business (2nd ed.).
Boston, MA: Harvard Business School Press.

Rees, R. (1985). The theory of principal and agent part I. Bul-
letin of economic research, 37(1), 3-26.

Seiter, A., & Gyansa-Lotterodt, M. (2008). Policy Note: The
Pharmaceutical Sector in Ghana. Washington, D. C: The
World Bank/ Ghana National Drugs Program.

Shah, N. (2004). Pharmaceutical supply chains: key issues and
strategies for optimization. Computers & Chemical Engi-
neering, 28(6), 929-941.

Tamale Metropolitan Mutual Health Insurance Scheme.
(2010). NHIS Annual Report. Tamale.

Tamale Metropolitan Mutual Health Insurance Scheme.
(2012). Annual Report. Tamale, Ghana.

Twumasi, P. A. (2001). Social Science Research: In Rural Commu-
nities. Second ed. Accra: Ghana Universities Press.

Winter, S. C., Skou, M. H., & Beer, F. (2008). Effective Manage-
ment for National or Local Policy Objectives? Implementing
Welfare Sanction Policy in Denmark. SF1 Working Paper 14.

Worsham, J., & Gatrell, J. (2005). Multiple principals, multiple
signals: A signaling approach to principal-agent relations.
The Policy Studies Journal, 33(3), 363-376.

Yin, R. K. (2014). Case Study Research: Design and Methods. Fifth
ed. Thousand Oaks, California, CA: Sage Publications, Inc.

Zhang, Y., & Shaw, J. D. (2012). Publishing in AMJ- Part 5:
Crafting the methods and results. The Academy of Manage-
ment Journal, 55(1), 8-12.

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 59-74

ISSN: 1984-3046



75 JOSCM | Journal of Operations and Supply Chain Management | FGV EAESP

ARTICLES
Submitted 07.11.2017. Approved 05.08.2018.

Evaluated by double blind review process.

DOT:http:///dx.doi/10.12660/joscmv11n2p75-89

THE BRAZILIAN OCEAN FREIGHT OSCILLATION:
THE EXPERTS' EXPLANATION TO THE USA,
EUROPE AND CHINA TRADE

ABSTRACT

This study aimed to identify the variables that contribute to the oscillation of the in-
ternational ocean freight of the Brazilian trade of containerized cargoes. The ocean
freight from and to East Coast of United States, Northern Europe and China to Brazil
was studied by a qualitative approach through in-depth interviews with a panel of
seven experts in charge of pricing the international ocean freight in the largest inter-
national shipping companies operating in Brazil. After a first round with the experts, a
table that tried to capture the causal relationship among variables and their influence
in Brazilian ocean freight was developed. In a second round of interviews, the final
table was submitted to the judgment of the experts. Considering the experts’ opinion
on the trade routes studied, it was noticed that the relationship between supply and
demand with ocean freight is the variable that influences freight rates in Brazil’s trade
the most. Other variables such as vessels capacity, operating costs and competitors
are among the variables that experts have identified as those that most contribute in
Brazilian ocean freight oscillation.
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INTRODUCTION

Many companies have realized the importance of
trading products, raw materials, or even services at
lower costs, higher quality, and wider variety. In this
sense, the question is not about whether to look for
more international resources or not, but how to man-
age this process and make it more efficient (Aykol,
Palihawadana, & Leonidou, 2013; Grama, 2014;
Trent & Monczka, 2003). Therefore, exporters and
importers are more attentive to the costs involved
in these processes, in order to make their products
more competitive and, by logistic management, to
establish policies that enable them to reduce costs
and improve service level to the customer (Bygballe,
Bg, & Grgnland, 2012).

Transport costs represent a critical component of
importation and exportation prices, and influence
the development of a supplier or a customer (An-
derson & Van Wincoop, 2004; Monroe et al., 2014).
Freight rates bear a larger importance, compared
to tax barriers (Binkley & Harrer, 1981; Hummels,
2001; Jacks & Pendakur, 2010). According to Fleury,
Wanke, and Figueiredo (2012), generally production
and marketing costs represent more than 70% of a
company’s revenues, while logistics costs stand at
19%. In addition, Ballou (2004) declares that 60% of
logistic expenses originate in transportation, which
explains the importance of managing freight rates,
whether in domestic or international routes. These
percent values prove that logistic expenses play a
considerable part in the composition of the total
cost of a product, which is why such values are the
object of consistent reduction efforts as a means to
improve profit margins.

On the other hand, in 2015, dry cargo shipments
accounted for about 71% of total seaborne trade
volumes, which means that “maritime transport is
the backbone of globalization and lies at the heart
of cross-border transport networks that support
supply chains and enable international trade” (UNC-
TAD, 2016).

According to the Brazilian Ministry of Development,
Industry, and Foreign Trade (MDIC, 2017), by the
end of 2015, 90% of Brazil’s international trade was
transported by sea. Ocean freights placed on these
imports and exports are formed by several variables.
Although several studies have investigated some of
these variables, such as the kind of goods shipped
(Ho, Chiu, Chung, & Lee, 2017; Ortuzar & Willum-
sen, 1994), supply and demand (Jacks & Pendakur,

2010; Notteboom & Rodrigue, 2008; Ortizar & Wil-
lumsen, 1994; Stopford, 2009), distance covered by
the vessel (Banomyong, 2005; Hesse & Rodrigue
2004; Malchow & Kanafani, 2004), and vessel ca-
pacity (Leach, 2014; Notteboom & Rodrigue, 2008;
Stopford, 1997), there are not many studies that ad-
dressed the variables behind the oscillations in in-
ternational ocean freight rates set for exports and
imports in the main routes serving emerging mar-
kets as Brazil.

The Brazilian Ministry of Development, Industry,
and Foreign Trade (MDIC, 2017) indicates that the
main economic regions that import to or export
from Brazil are North America, Europe, and China.
For Mongelluzzo (2013), the world’s largest ports
on a container flow basis are located in these conti-
nents. In the top 50 list, North America is represent-
ed by the Los Angeles, Long Beach, and New York
ports with 8.08 million, 6.05 million, and 5.53 mil-
lion of twenty-foot equivalent units (TEUs), respec-
tively. In Europe, the largest ports are in the north,
and include the ports of Rotterdam, Hamburg, and
Antwerp with 11.87, 8.86, and 8.64 million TEUs,
in that order. The Shanghai, Singapore, and Hong
Kong ports are the main ones in Asia with 32.53,
31.65, and 32.13 million TEUs. In the same list, Bra-
zil is represented by the port of Santos, which runs
around 3.17 million TEUs. For this reason, Santos
was chosen as a destination port, while Shanghai,
Rotterdam, and New York (since it is located on the
east cost of the USA) were selected as main ports in
the analysis of freight volumes in the present study.

In this scenario, this study identified the variables
that influence on the oscillations in international
ocean freight rates for Brazilian containerized trade
with its major markets. The investigation considered
the perspective of the three largest cargo trade vol-
umes with Brazil: the USA East Coast, Northern Eu-
rope, and China. The views and notions of a panel of
experts active in three main company classes were
analyzed: shipowners, co-loaders, and freight for-
warders. The inclusion of these experts in different
sectors helped understand the perceptions held by
organizations that, despite sharing the same objec-
tive in terms of cargo transportation, could see the
pricing of ocean freight rates from different points
of view.

This article presents, first, a review of the theoreti-
cal background on the subject and the contribution
of the variables that influence on the oscillations in
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international ocean freight rates. Secondly, it will
be discussed the methodological aspects to collect
and analyze the data. After that, the data analysis
obtained for the freight levels and the variables that
influence the most on the oscillations observed are
presented, as well tries to offer a proposal of a causal
relationship among variables that influence freight
in the trades studied. Finally, the implications of
these variables are discussed.

THEORETICAL BACKGROUND
The supply chain and logistics

The globalization process has left a trail of economic
uncertainties (Jacks & Pendakur, 2010). The increas-
ing exchange of goods and services across nations
has substantially acerbated interdependence and eco-
nomic volatility. Local changes and crises bear imme-
diate consequences and tend to spread globally.

Revisions in dollar exchange systems, recession, new
international trade regulations, and higher oil prices
are some of the uncertainty factors that affect a glo-
balized economy on a daily basis. For logistics, which
has to act based on a prediction of demand, produc-
ing and placing the correct product in the right place
at the right time and at a fair price, increased eco-
nomic uncertainties elicit significant difficulties to
predict sales and plan activities (Fleury et al., 2012;
Hesse & Rodrigue, 2004).

The supply chain, according to Bowersox, Cooper,
Closs, and Bowersox (2014), encompasses compa-
nies that cooperate in order to leverage a strategic
position and to improve operational efficiency. Bal-
lou (2004) summarizes logistics and the supply chain
as a “set of functional activities (transportation, in-
ventory control, etc.) that repeat numerous times
along the channel through which raw materials are
converted into finished products, to which value is
added in the eyes of the customer” (p. 29).

Since logistics is part of the supply chain, Bowersox
et al. (2014) define it as the effort required to trans-
fer and place an inventory in the supply chain. Bano-
myong (2005) agrees, adding that logistic manage-
ment is an integrative process that aims to optimize
the flow of materials and inputs provided by suppli-
ers in the whole organization in order to meet cus-
tomer’s expectations. It is by a logistic process that
materials travel inside the production capacity in an
industrialized country, that products are distributed
to consumers, and that value is generated to custom-

ers, suppliers, and any other stakeholder (Bygballe et
al., 2012; Monroe, Teets, & Martin, 2014).

The international ocean shipping system

The role played by transportation in a logistics sys-
tem is more complex than that of the transport of
goods to customers (Zeng & Rosetti, 2003). This
complexity may take effect only through a highly
qualified management team. A well-managed sys-
tem affords to transport goods to the right place, at
the right time, aiming to meet the customers’ need.
[t is transportation that helps promote efficacy, es-
tablishing a link between producers and consum-
ers (Daividsson, Henesey, Ramstedt, Térnquist, &
Wernstedt, 2005). Therefore, transportation is the
basis of efficiency and savings in corporate logis-
tics, and enhances other functions of the logistics
system (Ballou, 2004; Grama, 2014). In addition, a
good transportation system in a logistics network is
beneficial not only to the quality of service, but also
to a company’s competition potential (Tseng, Yue, &
Taylor, 2005).

It is widely accepted that water is the oldest means of
transport. Ancient sailboats were replaced by steam-
boats in the XVIII century, and by diesel-propelled
vessels around 1920’s (Bowersox et al., 2014). Ships
were first used to transport containers in 1956,
when Malcolm McClean shipped the first cargo trail-
ers towed by a 60-TEU World War II tanker, sailing
from Newark, New Jersey, to Houston, Texas. Until
then, most cargoes were transported loosely on ships,
placed in wooden structures whose aim was to enable
to hoist and to move goods by cranes on ports and on
ships (Stopford, 1997). The result was that cargo ships
spent about two thirds of operational time on ports,
and that handling costs reached approximately one
fourth of the total expenses. With increasing cargo
volumes, this mode of operation became unfeasible
both operationally and economically (Binkley & Har-
rer, 1981; Notteboom & Rodrigue, 2008).

The main advantage of ocean transport lies in the
possibility to ship extremely large cargoes, besides
lower costs when compared to airfreight (Ballou,
2006; Bowersox et al., 2014). As drawbacks, Tseng et
al. (2005) highlight the longer delivery times, apart
from the need to schedule mooring operations de-
pending on weather factors. Other negative aspects
include the distance between ports and production
centers, and the need to invest in robust packag-
ing solutions in order to protect goods, especially
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against possible damage caused by mishandling
during loading and unloading operations.

Ocean shipping costs to containerized
cargoes

The advent of container transport in the 1960s
changed irreversibly the environment of the global
transportation business and it has become increas-
ingly competitive due to the economic globalization
(Finke & Kotzab, 2017; Fung, Cheng, & Qiu, 2003;
Notteboom & Rodrigue, 2008). At the same time,
along with market uncertainty, freight tariffs have
been one of the highest priorities for importers and
exporters since 2000, because container shipping
lines have provoked great bargaining over price (Ho
etal., 2017). In this sense, shipping rates can be de-
fined as the fees charged by transportation compa-
nies when providing services, that is, the payment
to cover the costs of transportation between two lo-
cations and the expenses associated with the main-
tenance of a traveling inventory (Grama, 2014; Sa-
hin, Yilmaz, Ust, Guneri, & Gulsun, 2007).

The revenue of container shipping firms
and, therefore, the freight price, is dependent on an
interaction between price and quantity. That means
the freight rate represents the price, and the quan-
tity refers to the spaces used in a container vessel.
So, the balance must be reached to offer a reason-
able freight and, at same time, to transport cargoes
that occupy the spaces in the vessel (Notteboom &
Rodrigue, 2008; Tang & Sun, 2018).

In this sense, freight all kinds (FAK) is a general rate
defined by shipowners to classify any goods being
transported. As a rule, FAK is higher than the values
charged to ship goods at loading, exactly to cover

Exhibition 1. Variables that influence ocean freight rates

for all cargo types, including dry cargoes (Bower-
sox et al., 2014; Maloni, Paul, & Gligor, 2003). Dry
cargo is the term used to describe materials that do
not need special care during loading. As opposed to
gaseous or liquid loads, dry cargoes may be shipped
in containers with no special temperature control
measures. Dry cargoes are several types of cargo,
such as dry finished products, metals (such as iron
and steel), and even some heat and cold-tolerant
grains (Ballou, 2004; Bowersox et al., 2014; Ho et
al., 2007).

On the other hand, there are many costs
that affect container freight that are not linked to
the cost of shipping the goods. One of the most
common is the terminal handling charges (THC)
that are fees charged by shipping lines to cover costs
of moving containers from the terminals to the
ships (Fung et al., 2003; Slack & Gouvernal, 2011)
Another important cost for containers is regarding
the storage of empty containers in the terminal or
in another warehouse abroad, while awaiting its re-
use, as well as the costs of management and organi-
zation of the container reposition (Finke & Kotzab,
2017; Steenken, Vof3, & Stahlbock, 2004).

Nevertheless, in pricing ocean freight rates, it was
observed that several factors must be considered
and some of these variables were discussed in sev-
eral studies published in the past 20 years. So we
have tried to summarize the main constructs that,
at some point, interact with freight rates and have
the power to provoke an oscillation of its level. A
review of those studies enabled the identification of
12 variables to be analyzed by the panel of experts,
with the purpose of understanding the contribu-
tion of these aspects to the oscillations in freight
rates, according to Exhibition 1.

. . e Ballou (2004), Bowersox et al. (2014),
. Several factors, based on density, packaging, facility to .
Product/ Commodity ; : Fung et al. (2003), Orttzar and
handle, and risks affect the freight rate of a product. .
Willumsen (1994)
The heavier the container, the higher the shipping
costs. In addition, shipowners have to identify the best | Ballou (2004), Bowersox et al. (2014),
Cargo weight and location of a container on board to balance it with other Notteboom & Rodrigue (2008),
volume containers on the deck. Light cargoes are preferred, since | Steenken et al. (2004), Tang and Sun
they consume less fuel and cause less concern to the total (2018)
weight of the ship.

(continue)
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(conclusion)

Supply and demand

Demand influences directly the freight rates, since it
involves the market supply and demand relationships. In
other words, when supply is high and demand is low, rates
tend to go down, and vice-versa.

Ballou (2004), Ortuzar and
Willumsen (1994), Sahin et al. (2007),
Stopford (2009), Zeng and Rossetti
(2003)

Distance sailed

A large number of the studies reviewed cover the
composition of freight rate considering distance as the
main factor in the definition of rates, independently on

transport mode.

Banomyong (2005), Bowersox et al.
(2014), Ho et al. (2017), Maloni et
al. (2013), Malchow and Kanafani

(2004), Hesse and Rodrigue (2004)

Cargo size/number
of containers

When shipowners price a loading operation of one single
container, the rates charged are normally excluded
from the general FAK classification of product and rates.
However, when cargo size and number of containers are
known, a differentiated pricing strategy is adopted, if the
other variables with the goods transported allow reducing
ocean freight rates.

Florentino (2010), Notteboom and
Rodrigue (2008), Slack & Gouvernal
(2011), Zeng and Rossetti (2003)

Operational costs

Operational costs may affect the freight rate in different
routes distinctively, since regional differences, such as the
interaction between demand and supply of the shipped
service, may inhibit the rise in freight rates.

Finke and Kotzab (2017), Fung et
al.(2003), Grama (2014), Malchow
and Kanafani (2004), Notteboom
and Rodrigue (2008), Sahin et al.
(2007), Stopford (2009)

Route

Freight may vary with departure and destination sites, and
with the route followed.

Malchow and Kanafani (2004),
Ballou (2004), Banomyong (2005),
Bowersox et al. (2014), Hesse and

Rodrigue (2004),

Economic situation
of countries

Higher rates are charged in emerging economies,
compared to developed countries, resulting in lower
business volumes and revenues.

Hummels, Lugovskyy and Skiba
(2008), Jacks and Pendakur (2010),
Lee and Lee (2012), Murray (1996)

Possibility to return

The freight involves not only shipping costs, but also the
shipping options available in the departure site and the

Finke and Kotzab (2017), Grama
(2014), Notteboom and Rodrigue

cargoes possibility to return the cargo to the departure point. (2008)
e e Shipowners see fuel consumption as one of the main Maloni et al. (2013), Notteboom
Factor (BAF), . . e o .
L factors, since lasting oscillation in crude oil prices interferes | and Cariou (2013), Notteboom and
additional fee for . L .
fuel. directly in shipping. Rodrigue (2008)
. e . Ho et al. (2017), Hummels et al.
Compssiiten Shipowners that do not face competition in determined (2008), Notteboom and Rodrigue

route charge higher freight rates.

(2008), Sahin et al. (2007)

Vessel capacity

Freight is affected by the relationship between ship
capacity and demand.

Leach (2014), Notteboom and
Cariou (2013), Stopford (2009)

RESEARCH DESIGN

The variables that influence ocean freight rate os-
cillation in Brazilian trade to the USA, Europe and
China were analyzed using a qualitative approach
due to the need of a wide and in-depth perspective
of the study problem and the nature of the issue
(Creswell, 1998). A qualitative study also enables
greater flexibility, since several aspects associated
with the fact or with the phenomenon under inves-
tigation are considered.

The research design for this study was divided in
four steps, according to Figure 1. The first step
started with the literature review, when, at the end,
12 variables responsible for oscillations in inter-
national freight rates were identified, according to
Exhibition 1. Based on the 12 variables identified,
a panel of experts was assembled, formed by man-
agers responsible for pricing ocean freight rates in
Brazil in their companies. The panel was arranged in
order to obtain confirmation of the effect of the 12
variables on freight rates as well as to understand
the relationships among those variables and be-
tween these and ocean freight.
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Figure 1. Methodological steps
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Consulting other people’s opinions has been com-
monly used as a strategy in the decisions involving
themes surrounded with great responsibilities in
terms of results or controversial subjects that entan-
gle quite complex variables that lead to uncertainties
as to the possible results (Yaniv, 2004). According to
Budescu and Rantilla (2000), expert panels are rec-
ommended when (i) there is a need to make a deci-
sion in the short term, (ii) the possible results are
surrounded with uncertainties, (iii) relevant infor-
mation that may mitigate uncertainties is available,
and (iv) it is possible to confer with experienced pro-
fessionals who have relevant information.

To select the right specialists to perform an expert
panel it is recommended a group of, at least, six judges
with large experience on the subject to be discussed,
according to Yaniv (2004). In this sense, the 13 most
representative shipowners around the globe ( Alpha-
liner Top 100, 2016), with operations in Brazil, were
invited personally and by phone to become part of the
panel. At the end of this phase, five shipowner repre-
sentatives in Brazil agreed to participate in the panel.

In order to add different perspectives regarding
freight rates, the researchers asked the five special-
ists to indicate freight forwarders and co-loaders
that also offered maritime freight in Brazil. The five
specialists indicated the same freight forwarder,
classified as the 7th largest company in the seg-
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ment, according Armstrong & Associates (2015),
and one co-loader with consistent Brazilian market
share. After a phone invitation, these two firms ac-
cepted to join de panel, as described in Exhibition 2.

In the second step, a first round of in-depth inter-
views with the seven experts was conducted. The
third step consisted of the content analysis to as-
sess the data as a means to understand the behavior
of the variables pointed in Exhibition 1 and that in-
fluence ocean freight rates of containerized dry car-
goes for Brazilian trade with the USA, Europe and
China. For Bardin (1977), this analytical technique
comprises three stages: (i) pre-analysis, (ii) exploi-
tation of the material, and (iii) treatment and inter-
pretation of results. Here, content analysis was cho-
sen since, according to Kolbe and Burnet (1991), it
is an observational research method that is used to
systematically evaluate the symbolic content of all
forms of recorded communications. To accomplish
that, the analysis categories were restricted to the
12 variables identified previously in Exhibition 1.

After the content analysis of the first round of in-
depth interviews (Exhibitions 3 and 4), the authors
developed a table with the behavior of twelve vari-
ables listed in the context of Brazilian ocean freight,
in order to capture the relationship among them.
So, in the fourth step the relationship table was pre-
sented again to the same panel in a second round
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of in-depth interviews with the aim of obtaining
a consensus (Budescu & Rantilla, 2000) regarding
the association between variables and international
ocean freight (Exhibition 5).

DATA ANALYSIS

In the first round of interviews with the panel of ex-
perts, the 12 variables identified in the literature re-
view (Exhibition 1) were presented to the panel, who
evaluated the importance of each in international
ocean freight pricing. The panel ascribed a score to
variables in a 0 — 5 scale, in which 0 denotes the ab-
sence of any influence in pricing, while 5 indicates a
strong effect on the definition of freight rates. There-
fore, according to the panel, the variables supply and
demand and vessel capacity, both with score 4.71, had
the strongest influence on freight pricing. On the
other hand, the variables distance sailed by vessels and
economic situation of countries involved in the importa-
tion/exportation business, both with 2.57, were the
ones with the lowest score, showing that they were the
ones that least influence freight pricing.

After that, the experts were invited to talk about the
variables that influence de freight oscillation and
the possible explanations for those evidences. The
Specialist E1 declared that “shipowners are increas-
ingly looking for financial return in order to recover
losses in previous years, though freight rates are
consistently observed to fall in some trades”.

To identify the cutoff value in the time series, four
interviewees declared that a 3-year survey about
trends in the markets involved in these trades
would suffice. However, specialist E6 warned that:

When it comes to China imports, even a 10-year time
series of freight rates would not afford to understand
the reasons behind such oscillations, let alone pre-
dict freight rates in the next five years. For Europe,
two years are enough to see that the market is stable,
which allows for more assertive predictions.

In this sense, the authors decided to separate the
analysis into two sets of trades: Brazilian freight
rates with the USA and Europe trade, which rep-
resents a trade with more stable freight rates; and
Brazilian freight rates with China trade.

Variables affecting freight in Brazilian,
USA East Coast and Northern Europe trade

The freight rates charged by four global shipown-
ers (all of whom are European) for trade with the
USA East Coast were analyzed by the experts con-
sidering the New York port, which is the busiest
one in terms of twenty equivalent unit (TEU) con-
tainer flow in the region. According to the special-
ists, these rates were considered relatively low and
could pose a risk to the financial health of ship-
owners operating in this trade route (Jacks & Pen-
dakur, 2010).

The data analysis revealed that ocean freight rates
in this trade also decreased in the recent years. Ac-
cording to the experts, this trade route exhibited
a stabilization trend with minor pricing changes,
though rates decreased consistently for a long peri-
od of time. The average freight of all kind (FAK) rate
was about USD 1800 in 2012 and fell to USD1000 in
2014, pointing to a decrease in annual mean values.
According to the specialists, this scenario may in-
duce players to cease to offer freight services to the
USA east coast, due to the low demand and freight
rates, which makes business less attractive to most
shipowners.

On the other hand, the freight rates were evaluated
for a northern Europe trade route considering the
Brazilian port of Santos and the Rotterdam, Ham-
burg, and Antwerp ports. The same process was car-
ried out for freights between these European ports
and Brazil. Three European and one Asian shipown-
ers were considered, all of whom provide freight
services based on their own ships. The average FAK
in this route has been falling on a yearly basis. The
freight rates exhibited a trend towards stabiliza-
tion, despite the rises and drops observed at times,
according to the experts.

To understand the trend exhibited by shipown-
ers towards maintaining international freight
rates within a safety net in these two trade routes
(northern Europe and USA east coast), the spe-
cialists were inquired over the variables that
helped to maintain these rates essentially free of
oscillations. The answers provided point to an in-
teraction between these variables, which afford-
ed to analyze them separately and then establish
alink between them and the other answers. Exhi-
bition 3 presents the variables that helped main-
tain the stability in freight rates, as listed by the
participant experts.
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Exhibition 2. The panel of experts

i Firm's Country of Ye f
Expert interviewed Firm Position Years 'P ocean Firm Type rm's ?lfn rye ear °.
freight origin foundation
E1 Regional Manager 14 Freight USA 1979
Forwarder
E2 Pricing Manager 8 Shipowner Germany 1970
E3 Pricing Manager 18 Co-loader Brazil 1994
E4 Global Account 18 Shipowner Denmark 1904
Manager
E5 Pricing Manager 17 Shipowner Canada 1993
E6 Commercial 35 Shipowner Chile 1970
Manager
E7 Traffic Manager 6 Shipowner France 1978

Specialist E1 added:

No considerable change in demand and supply is-
sues were recorded in these markets... the services
provided by shipowners during the period did not
change as in other trade routes, like the China trade
route, for instance... in addition, I think that the
kind of goods shipped in these markets reduces the
variation in freight rates.

The answers obtained allowed for the identification
of some relationships between variables, such as
predicting the markets where no change in the ser-
vices offered will take place induces shipowners to
maintain freight rates. In a similar way, the capacity
of vessels, when adjusted for the demand, has the
same effect for a 1-year period. Moreover, since the
countries where the ports considered enjoy a level
of economic activity, it is presumed that freight
rates will remain essentially constant and within a
safety margin, similarly to the other figures.

Variables affecting freight in Brazilian
and China trade

The FAK rates applied by six shipowners (three
Asian, three European) offering their own services
and vessels in the China trade route to Brazil were
evaluated by the specialists for a period of five recent
years. The results indicated that FAK rates remained
constant for more than 30 days, when importation
from China is analyzed. Freight rate in this route in
2012 was USD1822 by TEU, and fell to USD1229 in
2013 and to USD1070 in 2014.

The content analysis of the questions addressed to
the panel of experts showed that several variables
influence freight rates for China trade with Brazil,
according to Exhibition 4. The variable about the
supply capacity and the market demand for inter-
national ocean transportation was mentioned by all
specialists, though other variables were also men-
tioned as playing a role in the variations observed.

Exhibition 3. Variables influencing freight rates in Brazil, Europe and the USA trade

El Supply and demand; Commodity; operational costs.
< |E2 Vessel capacity; Cargo weight and volume; Competition.
% E3 Supply and demand; Vessel capacity; Competition.
§ E4 Supply and demand; Vessel capacity; Competition.
g E5 Supply and demand; Vessel capacity.
M E6 Supply and demand; Vessel capacity; Return cargo.
E7 Economic situation; Commodity; Supply and demand.
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The analysis also revealed that the variables listed
by specialists as responsible for the persistent os-
cillations in containerized dry cargo ocean freight
rates in the China trade route are exactly the same
as those that explain the relatively constant values
on a yearly basis in the east USA coast and northern
Europe routes, as shown in the previous section. In
addition, it should be highlighted that the special-
ists pointed out the trend in large shipowners to
form new partnerships. This would eventually add
to the stability in the ocean freight rates, since they
would become more profitable for freight compa-
nies, which could charge higher rates as compared
to those reported in the present study.

Proposal of a causal relationship among
individual variables

One of the objectives of this study was to understand
the dynamics among the variables that influence
ocean freight rate of Brazilian trade with the USA,

Europe and China. Therefore, the set of data offered
by the specialists in the first round of in-depth in-
terviews were combined with the objective of pro-
posing a set of causal relations for future quantita-
tive analysis to validate its effects. However, some
studies already explain the behavior of many vari-
ables in terms of ocean freight rates, which helped
to a better understanding. (Ballou, 2004; Bowersox
et al., 2014; Grama, 2014; Ortuzar & Willumsen,
1994; Stopford, 1997; Florentino, 2010).

Therefore, Exhibition 5 shows the proposal of a caus-
al relationship among individual variables related to
Brazilian freight rates of trade to the USA, Europe
and China and how theses variables affect ocean
freight rates. As observed, the variables commodity,
cargo weight, and number of containers were classified
as direct variables in the context of ocean freight
rates, since any increase or decrease in the values rep-
resenting these variables elicit oscillations in ocean
freight rates, according to the specialists.

Exhibition 4. Variables influencing freight rates in Brazil and China trade

E1 Operational Costs; Supply and demand; Vessel capacity.
E2 Supply and demand; Vessel capacity.

. E3 Economic situation; Supply and demand.

§ E4 Supply and demand; Vessel capacity; Economic situation.

E5 Supply and demand; Vessel capacity.

E6 Competition; Vessel capacity; Supply and demand.

E7 No opinion.

Exhibition 5. Proposal of a causal relationship in Brazilian freight based on experts’ opinion

Variables

Relations among variables

Proposal of causal relations

Commodity (Com)

The higher the commodity value, the higher the
freight value

+ Com = + OFrg

Cargo Weight (CgW) The heavier the container, the higher the freight. + CgW =>» + OFrg
Number of Containers The higher the number of containers shipped,
(NoC) the lower the freight by container. +NoC > (-) OFrg
Ocean Freight (OFrg) The lower the ocean freight, the higher the

demand.

Demand (Dem)

The higher the demand for ocean freight, the
higher the supply of ocean freight.

(-) OFrg =» + Dem = + Sup =2

Supply (Sup) tion.

The higher the supply, the higher the competi-

=> + Comp = (-) OFrg

Competition (Comp) value

The higher the competition, the lower the freight
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Supply (Sup)

The higher the supply, the higher the capacity of

+Sup > + CoV=> +Fl=» + OpC=>

the vessel.
Capacity of the Vessel | The higher the capacity of the vessel, the higher
(CoV) the fuel consumption.
Fuel (FI) The higher the fuel consumption, the higher the

operating costs.

= + OFrg

Operational Costs

The higher the operational costs, the higher the

(OpC) freight value.
Economic Situation The lower the business volume, the lower the
(EcSit) possibility of return cargo.
The lower the ret the higher the freight | ) Eet > () RetCg > + Firg
Return Cargo (RetCg) e lower the return cargo, the higher the freig

value.

To endorse the relationships presented in Exhibi-
tion 5, a second round of in-depth interviews was
carried out to validate and to obtain a consensus in
the panel of experts regarding the relationships ob-
served among the variables listed.

Considering the variable commodity, five of the sev-
en specialists agreed that the higher the value of the
goods, the higher the freight charged will be. How-
ever, specialist 4 warns that “yes, it is considered so,
but it is not the most important, since, for example,
the rate charged for wood is the lowest in the mar-
ket, compared with auto parts or medical drugs,
which are higher”.

Specialist 2 confirms this notion, though in a more
objective way, saying that “a more expensive prod-
uct costs more and, therefore, freight should also be
charged at higher rates”. Thus, in spite of the fact that
most specialists agree on the relationship between
commodity and ocean freight rate, some studies did
not take it into consideration when pricing ocean
freights (Bowersox et al. 2014; Ortazar & Willum-
sen, 1994). On the other hand, other studies pointed
at the same direction as the specialists, stating that
the cargo value impacts on freight rate due the risk of
damage (Grama, 2014; Zeng & Rossetti, 2003).

The variable weight/volume is directly related with
ocean freight rate, since, according to the specialists,
the greater the weight, the higher the rate. Six of the
seven specialists agree on the relationship between
cargo weight and ocean freight rate, consistent with
Maloni et al. (2013), Bowersox et al. (2014), and Not-
teboom and Rodrigue (2008). For example, specialist
1 declares that “as a rule, this practice is used in the
market. However, overweight surcharge is applied
for loads in excess of 20 tons, and lighter cargoes ad-
mit better negotiation bargains”.

Similarly, specialist 3 believes that “ocean freight
companies usually define a maximum weight accept-
able for transportation, considering the freight rate
informed. When the container’s weight exceeds this
value, an additional fare is charged as overweight.
It is a means to charge more for heavy equipment”.
Specialist 7 states that “cargo weight, many times,
influences freight rate, since the heavier the cargo,
the more difficult to fill TEU slots in the vessel”.

The variable number of containers is interpreted
in terms of the cargo volume to be shipped, since
specialists declare that the larger the number of
containers regularly shipped, the lower the ocean
freight rate charged. This point was consistent with
de findings of Maloni et al. (2013) and Notteboom
and Rodrigue (2008). The seven specialists agreed
that this variable is directly correlated with rates. As
specialist 7 puts it:

When the customer has a larger cargo to ship, we
may negotiate alower rate. We are always interested
in filling up the slots in vessels. Larger cargoes allow
to fill slots more easily than one or two containers
per client only.

Specialist 3 adds that:

This happens for some contracts only. It is always
possible to obtain better rates when the volume be-
ing negotiated is large. Yet, when the demand for
transportation in a route is too high, the trend ob-
served is usually the other way round, due to the
limitation in shipping capacity of vessels. Full ves-
sels imply higher rates.

During the second round of results validation,
based on the answers given by the specialists in
first round of interviews (Exhibitions 3 and 4),
some different statements were produced. The last
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round showed that the lower the ocean freight, the
higher the demand for international transportation
services. Therefore, shipowners attempt to increase
the available space in vessels and, as a result, new
players make extra efforts to enter this market.
As a result, with increasing competition, the trend
would be towards lower rates (Tang & Sun, 2018).

The specialists reached a consensus on these rela-
tionships, though they brought a better explana-
tion on the relationships that actually influence
Brazilian ocean freight rates. Specialist 3 agrees on

the relationship between these two variables, but
adds that:

The entry of new competitors in a promising ocean
route induces a drop or the stabilization of rates.
However, the cargo should be such as to afford to ap-
propriately fill the slots in vessels, since shipowners
tend to reduce the supply of space in order to avoid
losses when this supply is high and the volume to
be shipped is not high enough. It should be remem-
bered that low freight rates are not the main factor
to attract more business or demand for ocean trans-
portation (E3).

Specialist 7 agrees with the declaration above, and
offered a more in-depth analysis of these variables:

The lower the ocean freight rate, the more companies
feel encouraged to export, increasing demand, since
transportation costs strongly influence the end cost
of any operation in international trade. In a sce-
nario of low rates, the main players will compete for
cargoes, which will eliminate market space. As a re-
sult, freight rates rise again. Under low rates, there
will always be players that can’t follow the trend,
which increases space. When rates are too low, new
players may enter the market, as long as they man-
age to offer good service at the same freight rates
as charged by the main competitors. Many times,
smaller players can’t proceed, due to the operational
costs of the services they offer. But when they man-
age to, competition increases, which may promote
a drop in freight rates, since there will be more op-
tions (E7).

However, specialist 6 disagreed with some relation-
ships, and explained the reasons:

Demand for international transportation services
should not be subject to oscillations due to high or
low freight rates. There are other reasons, of socio-
economic character, at a given time. Freight var-
ies, as a rule, due to the unused capacity in vessels.

This implies considering the entry of new players in
trade routes (E6).

Specialist 4 agrees with specialist 6, and adds:

If a specific service or route operates under low
freight rates, shipowners do not underscore the sup-
ply of shipping space or even vessels, but the capac-
ity is adjusted to the actual demand. Therefore, new
players will hardly be able to enter this market, un-
less it is profitable (E6).

In this sense, some specialists argued that the low
ocean freight rate boosts the demand for ocean
transportation services, since it is directly corre-
lated with competitiveness of exporter companies
in the destination market (Notteboom & Rodrigue,
2008). Nevertheless, other specialists believe that
the demand for ocean transportation services is not
affected by freight rates. Therefore, the opposing
views were analyzed in terms of the variables sup-
ply and demand, which, according to the specialists,
is the main relationship to influence international
ocean freight rates.

As for competition, all specialists mentioned the
constant efforts of shipowners to adapt the avail-
able space in vessels to the actual demand. Yet, new
players are more inclined to start operations in
trade routes where freight rates are not too low, or
when a route shows good business opportunities.
Shipowners are not interested in entering markets
where slot availability exceeds the demand. In spite
of that, the specialists agree that increased compe-
tition may lead to a decrease in ocean freight rates,
consistent with the findings of Grama (2014), Ma-
loni et al. (2013), and Hesse and Rodrigue (2004).

The second round of the variables validation
showed the lower the ocean freight rate, the higher
the demand for associated services. In this sense,
shipowners would be inclined to increase the space
available in vessels. If one takes into consideration
that supply and demand would trigger the flow of
goods, the commercial status of countries with a
role in exportation and importation markets would
reach a level of stability, which would reduce the
need for replacing containers in the country of ori-
gin and, for this reason, the trend would be towards
increasing ocean freight rates.

The specialists analyzed the relationships between
ocean freight rate, demand, supply, economic situation,
and return cargoes in order to produce a clear pic-
ture of the contribution of each in the oscillation of
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ocean freight rates. One specialist clarified the issue
very objectively:

With increased demands, the flow of goods tends
to rise. This may reduce the need for repositioning
containers, both in the origin and in the destination
countries. This alone does not lead to higher freight
rates, though it may raise profit contribution each
shipment generates to the carrier. It may be neces-
sary to increase rates when there is a lack of equip-
ment in the departure port and an excess of equip-
ment in the destination port (E4).

Nevertheless, the specialists disagree on the rela-
tionships in which the increase in the demand for
international transportation services and the in-
creased supply of vessels directly contribute to the
improvement in the commercial relationship be-
tween the countries involved in the operation. On
the other hand, a consensus was reached on the fact
that the improvement in commercial situation of
countries increases the chances for containers not
to be repositioned in the destination, which means
a greater advantage to the shipowner, since it will
not be necessary to charge a low freight rate (Fung
et al, 2003).

In the analysis of the relationships involving the
variables ocean freight rate, demand, supply, vessel
capacity, fuel, and operational costs, the specialists
explained their views about the pricing of ocean
freight rates. Exhibition 5 shows that the lower the
freight the higher the demand for international
transportation services. So, shipowners would try
to increase available space in the long run based on
vessel capacity. Therefore, the costs associated with
fuel in larger ships would also be expected to rise,
increasing the operational costs of vessels. As a re-
sult, the final freight rate would be down against
the unit cost to ship one container.

Specialist 7 agrees, and warns:

Larger vessels imply higher operational costs,
though once they can carry larger numbers of units,
this cost spreads across this extra volume. The
freight rate is not necessarily reduced due to opera-
tional costs. However, large vessels require greater
cargoes in order to fill up all slots. This need for more
cargo is the factor that makes rates drop (E7).

Although large ships are designed to consume less
fuel and therefore be more advantageous economi-
cally, they require greater effectiveness in the al-
location of slots by shipowners (Fung et al., 2003;

Maloni et al., 2013). Therefore, by increasing capac-
ity, shipowners need greater cargoes in order to load
a ship to the full and split the high fuel and opera-
tional costs across the thousands of units on board.

According to the specialists interviewed, the trend
for the years ahead is towards a readjustment in
vessel capacity in trade routes in which ship occu-
pation rates are below 70%, depending on the time
of year, as observed in the trade routes with China.
Concerning market stability and freight rates, spe-
cialist 6 does not envisage a real market stability,
not until 2018, exactly due to the increase in ship
size and in slot availability. In addition, for spe-
cialist 6, the balance between market demand and
supplied capacity would be reached if shipowners
stopped ordering new ships. However, orders for
new ships and requests for increasingly larger ships
are quite common today. This is disadvantageous to
Brazil, since the port infrastructure is not fit to re-
ceive large ships, due to the large load-draught of
these vessels and the logistic problems in the port
and adjacent area.

At the same time, Brazil presents a delicate freight
situation regarding its small share in worldwide trade.
According to MDIC (2017), Brazil counts for about 1%
of the total of international trade and any exchange
rate fluctuation increases or decreases the imports or
exports, but not in the same way. So, as the transpor-
tation costs of an empty container are similar to the
costs of a loaded one (Finke & Kotzab, 2017), when
Brazilian imports decrease, replacing the empty con-
tainers for Brazil results in additional costs and im-
pacts on freight oscillation (Lee & Lee, 2012).

IMPLICATIONS AND FINAL
CONSIDERATIONS

In a scenario of constant debate among Brazilian ex-
porters and importers regarding the variables that
influence freight rates, this study aimed not only to
identify the variables involved on this matter, but
also to characterize the relationships between these
variables and freight rates in Brazilian trade to the
USA, Europe and China. The final goal was also to
help build a future tool that can predict oscillations
or confirm the conservation of freight rates for the
following period of shipments in Brazil.

A literature review of international databases of pa-
pers published in the past 20 years was conducted
in this study (Exhibition 1) to identify the variables
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that, atleast in theory, affect ocean freight rates. That
research indicated 12 variables that influence the
ocean freight rates. These variables were discussed in
qualitative interviews with a panel of experts. It was
found that some of these variables do not explain
directly the oscillations in freight rates in Brazilian
trade with the USA, Europe and China. That was the
case of the variables distance sailed by the vessel and
possibility of return cargoes. These aspects could be
explained by the nature of the Brazilian international
trade that is based on commodities like iron ore, soy,
coffee, and sugar in exports (MDIC, 2017) and don’t
need containers for transportation. On the other
hand, there are more cargoes that need containers
for Brazilian imports. The distance sailed was stud-
ied and could affect more freight for commodities as
wheat (Binkley & Harrer, 1981).

Perhaps the same explanation could provide the
reason of the variable economic situation of coun-
tries, which was cited by the specialists as one of
the factors that less influence Brazilian ocean
freight rates. It means that international commodi-
ties, the common goods exported by Brazil (MDIC,
2017), actually don’t need containers. So, theoreti-
cally, one could argue that, given the lowest score,
the variables distance sailed by the vessel, possibility
of return cargoes and the economic situation of coun-
tries are suppressed or adjusted by the supply and
demand of maritime transportation, as well as by
the value of the goods transported.

Based on the experts’ opinion, it was possible to
observe that all relations presented in Exhibition 5
are capable of producing effect on Brazilian freight
rates. However, although the variables discovered
to influence the ocean freight rates charged in China
trade route with Brazil are the same as those that af-
fect rates in the USA and Europe trade with Brazil, a
relationship observed can act in different manners
in those two trades. For instance, during the two
rounds of interviews, the specialists constantly un-
derlined the stability between demand and supply
as the main aspect to affect freight rates. When the
demand for ocean transportation stabilizes within
acceptable levels, considering the containers capac-
ity made available by shipowners, the freight rates
will eventually remain constant.

Nevertheless, in times when the demand for inter-
national transportation services increases, other
different issues must be considered to influence
freight rates, according to the specialists. These new

set of variables can be the free slots available in ves-
sels and new ships with higher capacity offered in
the trade route. It could provoke lower freight rates
charged in the market, and, therefore, and stimu-
late the demand for these services.

The results of the present study pointed to the need
for further investigations using a quantitative ap-
proach to prove the statistical value of these vari-
ables in terms of ocean freight rates using correla-
tion and regression tests, for instance. In addition,
some Brazilian specific conditions such as exchange
rate, based on the time series of freight rates, could
help build a systemic modeling considering all vari-
ables associated with ocean freight rates. This would
enable the prediction of oscillations in rates based
mainly on the fluctuations in the variables listed.

In this same sense, this paper did not discuss the
effect of the type of maritime freight service that
can be provided by freight forwarders (OFFs) or by
container shipping lines (CSLs) directly. Ho et al.
(2017) found some differences in pricing and con-
ditions for using one of those type o firms. Studies
that could isolate the influence of the type of ser-
vice offered in the formation of Brazilian maritime
freight would be fruitful.
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SUSTAINABLE PRACTICES IN THE COFFEE
SUPPLY CHAIN IN THE CERRADO MINEIRO
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ABSTRACT

The incorporation of sustainable practices in the supply chain management (SCM) has
become recurrent in the business environment, resulting from a social reflection on
the need to seek new development alternatives. In this context, the objective of this
paper is to verify the existence of sustainable practices throughout the supply chain of
coffee in the Cerrado Mineiro Region (CMR) and to understand the effects of this adop-
tion regarding Green SCM. This paper focus on the relationship between producers
and collective organizations, such as cooperatives and development foundations. To
this end, a case study was carried out with the representatives of the supply chain
members in CMR, which included coffee producers, cooperatives and a development
foundation. It was verified the predominance of practices focused on environmental
issues, followed by social and, finally, economic ones. It is also highlighted that the data
identified allow us to understand that the development of sustainable strategies can
bring positive effects to the agents studied. Considering that these aspects, evidently,
improve the relationship of supply chain members, making it more collaborative. The
results contribute to the systemic understanding of the way in which sustainability
has been incorporated and operationalized in coffe supply chains in CMR.
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INTRODUCTION

The depletion of patterns of development experi-
enced since the twentieth century is evident. The
understanding of this phenomenon, together with
social reflection on the need to seek new alterna-
tives for progress, has given rise to a new develop-
ment model. The sustainable development model,
which has been consolidating since 1972, the year in
which the discussion of this issue, during the First
Conference on Environment and Development held
in Oslo, Norway.

In their investigations, Mathiyazhagan, Govindan,
and Noorul Haq (2014) recognize that organizations
in the most diverse economic sectors face pressures
from public authorities, competitors and, above all,
the consumer market to incorporate sustainable cor-
rect practices in their supply chains. This adoption
occurs in order to minimize damage to the environ-
ment and society. This context, refers to the ideas of
Elkington (1994), when the author deals with the
Triple Bottom Line (TBL).

In addition, Food Supply Chains are not excluded
from this process. Although in a timid way, it is no-
ticed that the food sector has been following the
changes in the consumption pattern of the society,
in which a trend is evident on the part of the con-
sumers as to the option for foods obtained from pro-
duction systems that adopt environmentally correct
and socially just practices in their productive pro-
cesses. The focus on SCM is an important step in the
adoption and development of sustainability, and the
concept of Sustainable Supply Chain Management
((SSCM) directs efforts in this perspective. However,
Mathiyazhagan et al. (2014) recognize that the in-
corporation of sustainable aspects into supply chains
is a practice still uncommon in most organizations,
especially in countries from emerging economies.

Jakhar (2015) highlights that research must aim to
encompass all the sustainable development dimen-
sions advocated by Elkington (1994), ie, economic,
environmental and social, in order to have an holis-
tic approach to supply chain sustainability and an
understanding of the mechanisms involved in the
sustainable product supply. The studies from Fabbe-
Costes, Roussat, and Colin (2011), Bask, Halme, Kal-
lio, and Kuula (2013), Brandenburg et al. (2014), Su
etal. (2016), Kumar and Rahman (2016), and Alshu-
biri and Hussein (2016) encompassed all dimensions
of Sustainable development in supply chain manage-
ment. Nevertheless, these studies were developed in

a small variety of supply chain, with emphasis on the
automotive industry, retail trade and metallurgical
industry.

We have identified few studies with a holistic ap-
proach to sustainability in food supply chains, men-
tioning the studies of Walker and Jones (2012) and
Tiirkay and Saracoglu (2015), which were applied in
agrifood supply chain in the United Kingdom and of
Turkey, respectively. In addition, it can be seen that
a considerable amount of studies directs its analysis
to the final links of the supply chain, that is, in the
distribution/consumption interface. In this sense,
the studies from Carvalho, Paiva, and Vieira (2016),
Migliore, Schifani, and Cembalo (2015) and Krystal-
lis, Chryssochoidis and Scholderer (2007) should be
highlighted.

The present study was developed at the production/
processing interface, that is, at the initial links of
the supply chain, comprising coffee producers, their
cooperatives and development organizations. The
focus is on Cerrado Mineiro Region, which is consid-
ered one of the main coffee producing territoriesin
Brazil. It is the first region to produce coffee demar-
cated in the country, according to a decree of the
Minas Gerais government, Brazil, since April 1995.

In this context, this paper aims to verify the exis-
tence of sustainable practices along the supply chain
of coffees in Cerrado Mineiro Region and to under-
stand the effects of this adoption with regard to the
Green SCM focusing on the relationship between
producers and collective organizations, such as co-
operatives and foundations of development.

In order to attain this objective, it was conducted
na applied research, with qualitative approach. A
case study in Cerrado Mineiro Region was carried
out in order to collect data through questionnaires
and semi-structured interviews with the representa-
tives of the coffee supply chain links. The research
involved coffee producers, cooperatives and a devel-
opment foundation. In a complementary manner, it
was also conducted a documentary analysis based
on reports provided by the aforementioned supply
chain members.

This paper aims to broaden the discussion of the sus-
tainability in coffe supply chains, by proposing an
analysis of the existence of sustainable practices and
a subsequent explanation of the effects of these in
Cerrado Mineiro Region, Brazil. Besides that, this
paper contributes for the academic literature by

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 90-100

ISSN: 1984-3046



ARTICLES | Sustainable Practices In The Coffee Supply Chain In The Cerrado Mineiro Region, Brazil

identifying a research gap, considering that the re-
cent researches have still not enough discussed on
the dynamics of supply chains in the food sector,
specifically in the case of coffee, from the perspective
of the three sustainable development dimensions
proposed by Elkington (1994). Regarding the mana-
gerial practice contributions, the analysis proposed
in this study may favor the decision-making process
by the agents that operate in the coffee supply chain,
mainly in the case of producers, cooperatives and de-
velopment foundations.

In addition to this introduction, the paper presents
four other sections. In the first one, the theoretical
basis under which the article is developed, which in-
cludes issues related to sustainability and the Green
SCM, is presented. The second section presents and
justifies the methodological procedures adopted in
this research. In the third section, the results are pre-
sented and discussed later in the light of the theory.
In the fourth and last section, the final considerations
of the article are presented.

LITERATURE REVIEW

Supply chain: management and sustain-
ability

One of the main definitions adopted in the litera-
ture for the term supply chain was disseminated by
Mentzer et al. (2001). According these authors, this
is a set of three or more companies directly involved
in the upstream and downstream flow of goods, ser-
vices, financial resources and information from the
beginning of the chain to the end customer. In this
context, Guarnieri and de Almeida (2016) recognize
that for the existence of a supply chain, it is neces-
sary to understand that customer satisfaction is the
essential component. A supply chainstarts when the
customer orders a product or service and ends when
the payment is made.

Aligned with the understanding that a supply chain
brings together a number of internal and external
business processes of the business environment, it is
essential to comprehend the fundamentals of SCM.
One of the main definitions for the term was pro-
posed by Mentzer et al. (2001), in which the authors
state that SCM is a management model integrating
the (systemic and strategic) traditional business
functions within a particular company within sup-
ply chain, for the purpose of achieving long-term
improvement.

The SCM concept has been recognized as a key factor
in promoting organizational sustainability. In this
sense, Stonebraker and Afifi (2004) emphasize that
the success of a supply chain depends on manage-
ment’s ability to recognize changes in the corporate
environment. In addition, Carter and Rogers (2008)
define Green SCM as the strategic and transparent
integration of social, environmental and economic
aspects in the systemic coordination of organization-
al processes with a view to improving the long-term
economic performance of the company and its sup-
ply chain. Carter and Liane Easton (2011) state that
Green SCM is related to long-term improvement and
has significant implications for the economic results
of companies.

In other words, the Green SCM 1is defined as the
management of material, information and capital
flows, as well as cooperation between companies
throughout the supply chain, while adopting sus-
tainable development goals, i.e., the integration of
the environmental, social and economic dimensions
(Seuring & Miiller, 2008). In order to meet the needs
of stakeholders, according Ahi and Searcy (2013),
the Green SCM consists of the creation of supply
chain coordinated through the voluntary integration
of economic, environmental and social policies with
the interorganizational business systems designed
to efficiently manage diverse processes of the com-
pany. This management constitutes a way to extend
the profitability of the business, in addition to pro-
viding greater competitiveness and adaptability in
the short, medium and long-term.

Regarding agri-food supply chains, which may in-
clude dairy products, grains, vegetables, meats,
flowers and fruits, Routroy and Behera (2017) con-
ceptualize that these are initiated from relationships
with suppliers (i.e., materials and services of entry
for farm-level operations) and are finalized through
customer satisfaction through a specific distribu-
tion channel. Also in this context, Rais and Sheoran
(2015) identified some factors that affect the per-
formance of agri-food supply chains, such as cold
storage unavailability, lack of government policies,
inadequate connectivity, classification unavailability
and classification technology, inadequate handling
and packaging, unskilled labor, poor articulation in
marketing, and other.

Clemens and Douglas (2006) state that some compa-
nies consider that adopting supply chain sustainabil-
ity creates a commercial and competitive advantage.
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Wang, Teng, and Lou (2014) understand Green
SCM as a business strategy aimed at minimizing
the environmental, economic and social risks of the
organization to create corporate value.

Thus, Bask et al. (2013) point out that companies
that adopt Green SCMrecognize that social and
environmental impacts need to be managed in the
same way as financial and commercial performance.
They also suggest that in order to be competitive
and survive in the market, especially in the coming
decades, companies need to extend their sustain-
able practices throughout the supply chain. There-
fore, companies need to foster their sustainability
efforts beyond their own operations, including the
practices of their suppliers and the satisfaction of
their customers’ sustainable expectations (Porter &
Kramer, 2006).

In Kobergand Longoni’s point of view (2018) sustain-
able supply chain management has been suggested
to improve business sustainability results. Neverthe-
less, the authors acknowledge that this management
model implies unique challenges as adopted in global
supply chains, such as coffee. It is understood that
such challenges advocated by Koberg and Longoni
(2018) may be related to the configuration of the
global supply chains, since the connections between
the focal company and the various suppliers and cus-
tomers, including the sub-layers, may be hampered
by geographical issues and culture.

In relation to food supply chains, Wu and Huang
(2018) reveal eight crucial characteristics for the suc-
cess of adopting sustainability in supply chains: (1)
the use of management software; (2) eco-innovation;
(3) organizational culture; (4) storage capacity; (5)
transportation options; (6) reduction of losses and
waste; (7) availability of physical resources and; (8)
regulatory frameworks. Among them, Wu and Huang
(2018) highlight the two most important factors for
the successful implementation of sustainability, be-
ing eco-innovation and reducing food loss and waste.
These characteristics, which can also be understood
as challenges for the management of supply chains,
have reoriented business relationships within the ag-
ri-food sector (Cembalo, 2015, Wu & Huang, 2018).

METHODOLOGICAL PROCEDURES

Regarding to the methodological procedures used in
this study, a case study was first developed with cof-
fee producers, cooperatives and the Cerrado Minei-

ro Development Foundation (Fundaccer). The data
collectiion was based on the following research in-
struments: (1) Questionnaire applied to coffee pro-
ducers included in the Cerrado Mineiro Region, Bra-
zil; (2) Semi-structured interview script, conducted
with the managers of the cooperatives to which
these producers were associated and of Fundaccer
(development foundation); (3) Direct non-partici-
pant observation, as well as videos and photos, both
in relation to the coffee production process, as well
as the inherent aspects of the relationship between
producers, cooperatives and Fundaccer e; (4) Docu-
mentary analysis (Development Plan, Sustainabili-
ty and Promotion of Cerrado Mineiro Region, Brazil
2015/2020, among others).

The research with coffee producers was developed
with the aid of a structured questionnaire, which was
adapted froma validated scale proposed by Zhang,
Tse, Doherty and Akhtar (2018). Considering the
adaptation of the questionnaire, it was sent to the
validation of content by judges (professionals of the
coffee industry and researchers in the area). After
this evaluation, it was verified that the adaptation
was coherent and, then, it was done with the re-con-
struction of this instrument. For the measurement
of variables, a Likert-type scale was adopted. It is a
non-comparative scale, of the itemized type, in which
the participant points out a single item, according to
their degree of agreement (Malhotra, 2006). Due to
the context of this study, we chose to use the Likert
scale with five levels (1-5), considerint the 1 the low-
est level and the 5 the highest level of concordance.

Data collection from cooperative managers and
Fundaccer was carried out through interviews, con-
ducted face-to-face and via Skype. In order to op-
erationalize the method, a semi-structured script
was used, which was also elaborated based on the
scale proposed by Zhang, Tse, Doherty, and Akhtar,
(2018), in order to triangulate the results of the
questionnaires with the coffee producers and inter-
views conducted with managers. During the inter-
views with the managers, who had already been pre-
viously scheduled through e-mails and telephone
calls, voice recorders were used, with the permis-
sion of the interviewees. The use of this instrument
made it possible later that such interviews were
transcribed and sent in a text file in order to be vali-
dated by them. So the participants of the interview
could confirm or refute what they had said at the
time of the interview. It should be noted that parts
were complemented in this process.
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The choice of the participants in the Fundaccer
considered the criterion of representativeness,
considering that managers interviewedhad infor-
mation regarding the sustainable management of
the supply chain. Two (2) collaborators of the or-
ganization were interviewed, who work in sectors
directly linked to coffee producers. Regarding the
choice of coffee producers, in the first moment, it
was defined by convenience and accessibility. In a
second moment we adopted the methodological
technique of Snowball.

Sampling

Baldin and Munhoz (2011) point out that the Snow-
ball technique is widely used in the social sciences
mainly in qualitative research. In this techniquethe
initial participants of the study indicate new partic-
ipants who, in turn, indicate others and so, succes-
sively. It is indicated for identify study participants
who are often geographically dispersed.

Regarding the representatives of the cooperatives,
only managers who participated actively in the ac-
tivities related to coffee, thecriterion adopted was
also representativeness. Thus, the participants were
selected considering the position they have within
the cooperatives. It was decided to hide the names
of cooperatives, considering that one of these or-
ganizations requested that its name not be men-
tioned. Thus, for purposes of standardization and
guarantee of secrecy of information, cooperatives
are identified by (1) Cooperativa Alfa; (2) Coopera-
tive Beta and; (3) Cooperativa Gama.

For the analysis and treatment of data, it was used
the Content Analysis method, proposed by Bardin

(1977). The content analysis was operationalized
through the data collected in the interviews, both
with producers and managers of the cooperatives,
besides those from the systematic reviews. The logic
of applying this method of analysis consists on the
importance of establishing categories of analysis for
the data collected, which are essentially qualitative
in nature. Post-categorization was adopted, accord-
ing to Bardin (1977). The categories were defined a
priori based on the article by Zhang, Tse, Doherty
and Akhtar (2018) and also adapted a posteriori,
based on the cores of meaning of the interviewees’
speeches. This procedure was established by Bardin
(1977), considering the technique of thematic cat-
egorical analysis.

RESULTS

In terms of structure, although this study has ana-
lyzed only three members of supply chain (coffee
producers, cooperatives and development founda-
tion) it was evidenced that this chain is composed
of other links, classified as 2nd level suppliers (tan-
gible and intangible products), 1st level customers,
among which also cooperatives, along with accred-
ited exporters, coffee shops and final customers
(direct sales), as well as logistics operators. How-
ever, it is observed that the 2nd level suppliers feed
the chain with supplies used for the production of
inputs such as fertilizers, fertilizers, machinery,
equipment, and other. They also work in the provi-
sion of financial services, insurance, consulting and
soil analysis. Table 1 presents the systematization
of sustainable practices and behaviors identified in
the relationship between producers and coopera-
tives of Cerrado Mineiro Region.
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Table 1. Systematization of sustainable practices and behaviors identified in supply chain

Variables and items
analyzed according to
Zhang et al. (2018)

Dimension of
sustainability

Evidenced Practices and
Behaviors

Supply Chain Members

producers

cooperatives

foundation

Environmental
sustainability in the
coffee production
process

Environmental
sustainability in supplier
relationships

Environmental
sustainability in
collaboration with
customers

Internal Green
Management

Environmental

Use of Electrostatic
Spraying

Construction of rainwater
harvesting systems

Use of wastewater
cleaning and fertigation
system

Partial adoption of
biological control of pests
and diseases

Use of precision
agriculture

Environmental auditing
for supplier selection

Development of
biodegradable packaging

Gradual replacement of
the use of jute packs by
big bags

Operation of the Empty
Packing Processing Center

Trainings of employees
on sustainable coffee
production

Development of
compliance and
environmental audit
programs

Implementation
of environmental
management systems

Investment Recovery

Economic

Holding of open auctions
for the sale of scrap of
machines and equipment

Diversity Management

Development and social
involvement

Security Management

Social

Hiring employees
without prioritization of a
particular gender

Day of Cooperate

Support to regional
philanthropic entities

Food and toy collection
campaigns

Sizing ergonomically
correct workstations

Use of Personal Protective
Equipment (PPE)

Training on health and
safety at work
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Regarding the data presented in Table 1, it was veri-
fied that coffee producers, in fact, agree and recog-
nize the importance of adopting environmentally
correct practices in coffee production. The agree-
ment level was practically 100% in all analyzed
variables. It was found that, in the case of coffee
producers, there is a search to improve the coffee
production process in order to reduce the consump-
tion of materials and energy, as well as to increase
the recycling rate of these materials.

Another identified practice is the reduction of the
consumption of water withdrawn from the riverbeds
and dams by reuse of rainwater from the coffee plan-
tations. It was verified that this practice is being ad-
opted in nine of the twelve properties analyzed.

In the opinion of cooperative managers, even if en-
vironmental criteria are directly or indirectly con-
sidered in the choice of suppliers, it is something
that needs to be more absorbed by decision-makers
within cooperative organizations. According to the
Cooperative Manager Range:

As much as we know the need to consider this environ-
mental issue, we still run into the issue of price or even
ease of delivery of the product we need. As we work
with harvest, we can not waste planting time waiting
for some supplier that has this certification, which is
not easy to get (Manager 3 - Cooperativa Gama).

Considering the statemente above, it is evident that
for both coffee producers and cooperatives, maintain-
ing and controlling internal sustainability is some-
thing that is already internalized. However, when this
responsibility transcends the internal barrier of own-
ership and migrates to the external environment, it
becomes something more complex to control.

It was verified that the vision of producers, coop-
erative managers and Fundaccer are aligned and are
moving towards cooperation between customers in
the search for a more sustainable Cerrado Mineiro
Region - CMR coffee crop. According to the manager
of the Gama cooperative, customers need to realize
that coffee production in the CMR is tied to envi-
ronmental care, ranging from how to irrigate coffee
plantations (with something that can reduce water
consumption) to even biodegradable packaging that
is used in some coffee brands.

Also regarding to cooperatives, which are generally
responsible for the storage process, an interesting
practice was identified regarding the physical distri-
bution of coffee, making logistics and handling of

coffee beans more efficient within the warehouses.
It is the gradual replacement of the traditional jute
sack (vegetable textile fiber) by big bags.

Concerning issues related to training, it has been
noted that it is sometimes intermediated by coop-
eratives and Fundaccer with the use of their own
human resources or through partnerships with
other institutions, such as Sebrae and Epamig. This
aspect is indicative, as Jabbour, Azevedo, and Aran-
tes (2013) state, that there is a cross-functional co-
operation involved in coffee supply chain in Cerra-
do Mineiro Region. We could observe the frequent
involvement of the agents of this chain in order to
achieve better results in terms of coffee quality and
the sustainability of coffee production.

Although it was verified the existence of environ-
mentally correct practices within the properties, it
is seen that some of these (3) still do not have an
Environmental Management System formally de-
veloped. This group of producers also states that
there is no regular practice of audits, whether in-
ternal or external, in order to verify the compliance
of environmental actions in the realm of property.
It is known, however, that the Environmental Man-
agement System is voluntary, due to there is no leg-
islation that obliges producers or organizations to
implement this system in their activities.

Regarding internal green management, it was veri-
fied that all cooperatives studied developed internal
practices aimed at preserving the environment. The
cooperative Beta, for example, in 2003, in partner-
ship with the National Institute of Empty Packaging
Processing (inpEV) - responsible for reverse logistics
of pesticides and agri-chemicals - operates the Emp-
ty Packaging Processing Center in its headquarters
municipality. The plant receives packaging of pesti-
cides and similar products already used to contribute
to reverse logistics, so as not to compromise the en-
vironment. This practice is also developed in a similar
way in the Alfa cooperative and in the Gama coop-
erative, even though it is a legal imposition, due to
specific legislation regarding the handling and trans-
portation of pesticides and also as established in the
Brazilian Policy of Solid Waste — Law12,305/2010
(Barbosa, Guarnieri, & Junqueira, 2017).

DISCUSSIONS

Regarding the sustainable practices developed with-
in the supply chain, specifically the environmental
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sustainability of the coffee production process, a
favorable behavior was observed with regard to the
supply chain links analyzed (coffee producers, co-
operatives and Fundaccer). Practices adopted to re-
duce the consumption of materials and energy were
identified, such as (1) use of electrostatic spraying;
(2) construction of systems for collecting rainwa-
ter; (3) use of wastewater cleaning and fertigation
system; (4) partial adoption of biological control of
pests and diseases; and (5) use of precision coffee
cultivation, among others.

These actions developed by the coffee producers
in supply chain, besides expanding the possibilities
of commercialization of the coffee grain and also to
deal with the legal issues, can improve the efficiency
of the business, since the reduction of the consump-
tion of materials and energy directly reflects in the
cost of coffee production. This fact can also be seen
as a competitive differential in several aspects.

Regarding the existence of environmental practices
in the relationship with suppliers, it was identified
that this is an action still lacking in use in supply
chain. Although some of the members of the supply
chain analyzed promote an environmental audit for
supplier selection, this practice is not a rule, but an
exception. Thus, it is understood that it is necessary
to establish supplier development programs in the
perspective of environmental sustainability in the
relationship with suppliers. What, according to the
literature, needs to be an initiative of the focal com-
pany, in this case the Fundaccer.

At the other end of supply chain, referring to the
environmental collaboration with customers, it was
noticed that the established practices in this sense
are also moderate, as well as in the relationship with
suppliers. Although most of the links recognize this
importance, only two practices associated with en-
vironmental collaboration with customers were
identified, with (1) the gradual replacement of the
use of jute packs by big bags; (2) the development of
biodegradable packaging and; (3) practice of reverse
logistics. Nevertheless, the evidence suggests that
supply chain members are concerned that custom-
ers value when coffee production is linked to envi-
ronmental practices, otherwise they are also aware
that customers can boycott coffee brands that not
meet environmental or social aspects.

Regarding to the internal green management vari-
ables, it was possible to perceive that both coffee
producers, cooperatives and Fundaccer carry out

some type of action internally, generally related to
organizational and collaborator aspects. Some prop-
erties have Environmental Management Systems, as
well the cooperatives. Consequently, some properties
aim to establish compliance and environmental audit
programs internally, and often subject their collabo-
rators to training on sustainable coffee production.

With regard to the economic dimension of sustain-
ability, an interesting practice was verified in the
direction of the recovery of the investment in the
assets destined to the sustainable coffee produc-
tion. Two of the analyzed cooperatives sell unse-
cured materials (scrap, for example) through open
auctions, which is a practice of reverse logistics. It
is a practice that aims at least to recover part of the
amount invested in the acquisition of these physical
assets. Indirectly, practices in this sense were also
observed in the daily life of coffee farms, besides of
economic and environment protection results they
comply with the environmental legislation related
to reverse logistics.

In the social dimension, when it comes to diversity
management, no evidence has been found that there
is a prioritization for hiring employees based on sex,
for example. Regarding the remuneration, what was
perceived is that it occurs according to the activity
performed. It should be noted that diversity in the
supply chain workforce can be a two-way street. One
is directed to an ethical and social commitment of
the company and another related to the competitive-
ness in terms of market. However, this research did
not focus in this an issue, which can be deepened in
future researches, since some studies emphasize that
the feminine labor suffers salary differences.

In terms of development and social involvement,
a socially responsible, if still developing, behavior
of coffee producers, cooperatives and Fundaccer
was confirmed with the environment in which they
are inserted. Various evidences were found in this
sense, such as participation in community events
in the form of sponsors, days of fields open to the
population, campaigns for collection of goods to be
later distributed, and other.

Finally, with regard to safety management, some
actions were identified in order to promote safety
in the production of coffees. In addition to ergo-
nomically designed workstations, part of the links
of supply chain aims to conduct courses and pro-
mote training on aspects such as health and safety
in work related to coffee.
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As emphasized in the theoretical basis of this study,
organizations that aim to implement sustainable
practices in their productive and organizational pro-
cesses within the scope of supply chain, do so as a
business strategy aimed at minimizing environmen-
tal, economic and social risks and thus create and ex-
tend the corporate value (Wang, Teng, & Lou, 2014).

In the Cerrado Mineiro Region supply chain, it is clear
that there is some prioritization of the customers
aimed to the coffees produced with social and envi-
ronmental responsibility parallel to the economic is-
sues. Therefore, the coffee production is driven to the
market and the sustainable practices have received
significant attention by the members of the supply
chain of coffee in the Cerrado Mineiro Region. These
practices are associated with TBL concept, proposed
by Elkington (1994), aiming the balance amont envi-
ronmental, social and economic dimensions.

Throughout the interviews withcoffee producers,
cooperative managers and Fundaccer, it was ob-
served that there is a predisposition to implement
sustainable practices in the various productive and
organizational processes of coffee supply chain. The
practices previously discussed and summarized in
Table 1 confirm this observation and also allow to
verify that many of these are developed externally,
that is, there are partnerships among supply chain
members to implement and operationalize such ac-
tions. It is also important to emphasize that in the
supply chain of Cerrado Mineiro Region of coffee,
to obtain certification of origin, producers were im-
pelled to integrate between cooperatives and devel-
opmentfoundation (in this case, Fundaccer), which
has guaranteed the quality of the product, facilitat-
ed the dissemination of sustainable practices and
also made possible their export in order to access
previously unexploited markets. The foundation
can be recognized as focal company, governing the
supply chain, while cooperatives play two roles: the
supplier of inputs and also the buyer of the product.

Similarly, it has been noted that many of the drivers
of the ustainable practices are also external, and it
is not something that is solely a concern of supply
chain members, but rather of the consumer market.
These results are presented as interesting findings,
since the Green SCM literature assumes that the
implementation of sustainable practices in supply
chain is a result of external influences, especially
of pressures, incentives and demands of the clients
and the government.

Finally, it should be emphasized that the discussion
of public policies to promote sustainable practices
in food supply chains, such as coffee, can enable the
implementation of sustainable practices, as well as
their improvement. This fact is also important when
considering that the coffee market is based largely
on international buyers, who require a sustainable
positioning in agri-food production, as a require-
ment in the negotiations. Considering the relevant
participation of agribusiness in the Brazilian, the
implementation of public policies for this purpose
can have favorable effects and may be the object of
future research.

FINAL CONSIDERATIONS AND
RESEARCH AGENDA

In this study, we aimed to identify sustainable prac-
tices adopted in coffee production in the Cerrado
Mineiro Region. A number of practices were identi-
fied, which encompassed all three dimensions of sus-
tainability, although a greater number of practices
focused on environmental issues were adopted, fol-
lowed by social ones and, finally, economic ones.

The contributions observed from this study are re-
lated to the systemic understanding of the way in
which sustainability has been incorporated and op-
erationalized in the coffee Cerrado Mineiro Region
supply chain. Therefore, it helps managers of the
organizations researched and involved in the sup-
ply chain in the decision making process, since the
adoption of sustainable practices may require finan-
cial investments. On the other hand, it is also worth
noting that the data presented here are evidence
that the development of sustainable strategies can
have positive effects for the companies studied,
since these aspects have proven to improve the re-
lationship of supply chain members, teto the most
collaborative ones.

Despite the efforts and contributions of the re-
search, it is necessary to highlight the limitations.
It was decided to analyze in this paper only three
links ofsupply chain covering 12 coffeeproducers, 3
cooperatives and 1 development foundation (Fun-
daccer). By expanding this range ofsupply chain
members, including such as associations and coffee
shops, other views on sustainability could emerge
and motivate further discussion.

Considering the aforementioned limitations, it is rec-
ommended to further studies: (1) To explore the in-
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fluences that strategic management of sustainability
in agri-food supply chains can exert on the internal
orientation of organizations; (2) Analyze the internal
and external drivers towards the adoption of sustain-
able practices in the coffee Cerrado Mineiro Region
supply chain; (3) Analyze the barriers faced by supply
chain members towards the adoption of sustainable
practices in their productive and organizational pro-
cesses; (4) Analyse the social related issues, as such
as, female labour force and other issues.

NOTE: A preliminary version in Portuguese of this
article was presented in the XXI Simpésio de Admin-
istracdo da Produgido, Logistica e Opera¢bes Inter-
nacionais (SIMPOI 2018) held at Fundacdo Getulio
Vargas in S3o Paulo, Brazil.
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INTRODUCTION

The use of data to make decisions in companies of
different sectors and sizes is an increasing reality in
worldwide markets, and according to Bayrak (2015),
the ability to manage big data will be the core compe-
tency of companies. Therefore, not only enterprises
related to information technology will be able to cre-
ate and improve their products and services based
on data analysis, but in fact any company in any
business (Davenport & Dyché, 2013).

The skill to manage Big Data may be translated into Or-
ganizational Analytics Capabilities, that are described
by Davenport, Cohen, and Jacobson (2005) as a portfo-
lio of data analytics methods and tools. The presence of
these capabilities in an organization means that it has
technical skills and ability to collect relevant data, use
data analytics statistical models and, most important-
ly, the capacity for doing simulations and using those
analyses to make strategic decisions.

In line with this, Bayrak (2015) affirms that the de-
velopment of organizational analytics capabilities
helps expanding the offer of products and services,
and when developing an analytics culture, organiza-
tions may increase service quality, reduce operation-
al costs and increase return on assets (IBM, 2017).

From these perspectives present in the literature,
that point towards the influence of analytics capabil-
ities on the delivery of services, this paper intends to
study the following research question: the existence
of organizational analytics capabilities can cause
impact in the service quality perceived by custom-
ers? This question becomes relevant, since the un-
derstanding of the factors that influence the clients’
perception of quality, and the inclusion of those fac-
tors in the service compound, is a determining mat-
ter to the success of service companies.

The choice of the service sector as the object of anal-
ysis was due to its importance to the national and
global economy. Service companies are responsible
for 68% of Brazilian GDP (Pereira, 2014) and they
represent approximately 60% of the foreign trade in
developed countries (MDIC, 2017). By developing an
analytics organizational culture, service companies
will be able to offer services that suit specific needs
of the customers and, as a consequence, to obtain a
better perception of quality from them.

Companies such as Boston Red Sox, Netflix, Ama-
zon.com, CEMEX, Capital One, Harrah’s Entertain-

ment, Procter & Gamble and Best Buy use analytics
capabilities to build their competitive strategies,
guide their decision-making processes and win the
competition. When applying such analytics skills,
those organizations identify the most profitable cus-
tomers, accelerate the innovation of products and
services, optimize the supply chains and the pricing
(Davenport & Harris, 2007).

In this study it will be used the concept of Perceived
Service Quality, measured from the perception of
quality by customers (Parasuraman, Zeitham, &
Berry, 1988), being the 5 Gaps model, proposed by
Parasuraman et al. (1985), the tool used here. In this
model Parasuraman et al. (1985) affirm that the per-
ceived service quality is a result of the magnitude of
the Gap 5 (the gap between the service offered by the
companies and the service perceived by the custom-
ers), and this one depends on the magnitude of the
other four Gaps, that may be favorable or unfavor-
able. The management of the service quality (Gap 5)
depends, thus, on the control of the individual effect
of each of the other gaps, being necessary to seek
for tools that may minimize the negative effect that
these gaps may cause on the service quality.

Therefore, the general objective of this study consists
of analyzing the moderate effect of organizational
analytics capabilities on the gaps described in the
Service Quality Model of Parasuraman et al. (1985).
In order to reach this general objective, it is proposed
to identify the relevant dimensions to understand
the “Service Quality” and “Organizational Analytics
Capabilities” constructs, and the possible relation-
ship between them. This understanding emerged
from the results obtained in a systematic literature
review, focused on the key topics of this paper, such
as service quality, analytics capabilities, big data and
business analytics.

For this purpose, first it is presented the theoreti-
cal frame, bringing a discussion about the “Service
Quality”, where it is presented the 5 Gaps Model
of Parasuraman et al. (1985), and “Organizational
Analytics Capabilities” constructs, presenting the
variables that compose this last one. This literature
review aims to dimension and delimitate the key
concepts of the study. After that, it is carried out an
analysis of the relationship between Organizational
Analytics Capabilities and the 5 Gaps Model of Para-
suraman et al. (1985), aiming to relate the existence
of analytics behavior to each of the five gaps of the
model, therefore presenting the theoretical propo-
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sitions and the structural model that evidences the
relationship. Finally, there are the conclusions and
suggestions for future research.

THEORETICAL FRAME

In order to define the theoretical discussion pro-
posed by the research objective of this study, it was
performed a literature review relevant to the discus-
sion, aiming to delimitate the theoretical assump-
tions, the constructs and the relationships between
the variables that compose the research model sug-
gested. The theoretical frame serves as a basic theory
to answer the research questions of this paper, as
well as the foundation of the theoretical relation-
ships presented in the research model.

Service Quality

To the majority of the service companies, the con-
cern with quality has become a fundamental fac-
tor to develop the business strategy, because it has
great influence on the company’s performance and
it impacts positively customers’ satisfaction (Akbar
& Parvez, 2009; Bloemer & Kasper, 1995; Huang,
Tseng, & Hsu, 2016; Johnston, 1995; Oliver, 1997;
Orel & Kara, 2014; Prado & Marchetti, 1997; Spreng
& Mackoy, 1996; Sureshchandar, Rajendran, & An-
antharaman, 2002). Specifically to the service sec-
tor, delivering to the customer a service with supe-
rior quality has become a prerequisite to the success
of this kind of business (Parasuraman et al., 1988),
since, and unlike it happens with products, the per-
ception of service quality occurs through the subjec-
tive analysis of who’s consuming it, and not through
specific physical characteristics that are easy to con-
trol, demanding, thus, an efficient structure of qual-
ity management, that enables the survival of the or-
ganization in its competitive market.

The processes of production and delivery of the ser-
vice have particular characteristics that make it diffi-
cult to determine the aspects that define its quality.
These characteristics are the intangibility, heteroge-
neity and inseparability of the production from the
consumption (Grénroos, 1982; Parasuraman et al.,
1985, 1988; Stefano, Casarotto Filho, Barichello, &
Sohn, 2015), and there is also the perishability as a
fourth characteristic mentioned by some authors
(Ghobadian, Speller, & Jones, 1994). These charac-
teristics refer to the fact that the process of service
production occurs simultaneously with its consump-
tion, turning the storage into something unlikely to

happen and causing the customer to be an acting part
of the production. Concerning the participation of the
customer, it causes the service delivery to be hetero-
geneous, for each experience depends on the factors
and actors involved. These characteristics turn the re-
lationship between customers and a service company
different from the relationship between a goods com-
pany and its clients (Grénroos, 1982).

Ghobadian et al. (1994) affirm that customers usu-
ally look for signs of quality in the products and
services, that may be users’ opinions, reputation,
accessibility, communication, physical aspects, etc.,
but, specifically in the services, the influence of in-
tangible aspects on the purchasing decision is much
higher than the influence of tangible aspects on the
purchase of a product. That causes service compa-
nies to have a greater responsibility to understand
the aspects of the service that are interesting to their
customers, to create expectations through external
communication and to provide a service that match-
es, or excels, from the very first contact, the expecta-
tions that were created.

Customer’s expectation is held as a standard which
will be compared to the following experiences, result-
ing in an answer, that is the perceived service quality
(Parasuraman, Berry, & Zeithaml, 1993)Churchill,
and Peter’s (1993. To Ghobadian et al. (1994), the
expectation is the image that the customer has of
the service before consuming it, that may be influ-
enced by external factors and, consequently, it may
be shaped by the company through its efforts of
marketing and communication with the client.

On the other hand, Johnston (1987) argues that the
customer’s expectation is dynamic, that is, it changes
as the delivery stages advance, being influenced by
different factors. To this author, expectation must be
analyzed before the consumption experience, not mea-
sured after the experience, as proposed by Parasura-
man et al. (1985) and corroborated by other authors.

This difference between the arguments referring to
the use of expectation as a relevant factor to measure
service quality represents a great divergence among
the authors in this field. Regarding the measurement
of the quality service construct, there are two main
research lines that discuss in which way the quality
service should be measured (Dabholkar, Shepherd, &
Thorpe, 2000; Santos, 2003)difference scores.

Some authors defend the disconfirmation, a concept
proposed by Oliver (1980) and widely used in the lit-
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erature of service quality (Santos, 2003), as a way of
measuring service quality, consisting of measuring
the expectation of the customer and the perception
of the service after the consumption, and the per-
ceived quality is the result of the difference between
the grades of the expectation and the perception
(Gronroos, 1982; Parasuraman et al., 1985, 1988).

That way, having the service quality as a result of
meeting customers’ expectations, Parasuraman et
al. (1988) developed a measurement scale called
SERVQUAL, refined later by the authors (Parasura-
man, Berry, & Zeithaml, 1991), that measures the
perceived service quality based on 5 determining
factors. This scale is still the most used one in the
relevant literature to analyze service quality (Mon-
do & Fiates, 2013).

However, the SERVQUAL measurement scale has
been criticized over time by some authors (Babakus
& Boller, 1992; Cronin Jr & Taylor, 1994) that fol-
low a second line of thinking, in which they believe
that measuring only the customer perception, put-
ting aside the expectation, is enough to measure
service quality, which resulted in the creation of
the SERVPERF (Cronin Jr & Taylor, 1994), a scale
similar to the SERVQUAL, but only with questions
aimed at capturing customer’s perception.

Brown, Churchill, and Peter (1993) also criticized
the SERVQUAL scale, however they questioned its
psychometric qualities, and they were promptly an-
swered by Parasuraman et al. (1993), that, in the
same edition of the Journal of Retailing, defended
the validity of the scale. Dabholkar et al. (2000)
point out that the SERVQUAL fails when assum-
ing that the quality measure may be obtained with
the average of the five dimensions that compose
the scale, since in that way it does not capture the
individual effect of the dimensions, as it treats the
dimensions as components of the construct, not in-
dependent antecessors.

In this context of divergences regarding the mea-
surement of service quality, many conceptual
models of service quality have been developed
(Beddowes, Gulliford, Knight, & Saunders, 1987;
Haywood-Farmer, 1988; Johnston, 1987; Moore,
1987; Nash, 1988; Parasuraman et al., 1985; Yang,
Jun & Peterson, 2004), with different intentions
and applications, though, where some offer mech-
anisms for managers to implement and manage a
quality control system, and others help realizing
internal and external factors that influence the cus-

tomer’s service quality perception (Ghobadian et
al., 1994).

Given the evolution of the discussion about service
quality, there is currently (in the literature directed
to the marketing area) the service quality manage-
ment being treated as a topic that is slowly giving
rise to what is called the service-dominant logic. Ac-
cording to Gummesson, Lusch, and Vargo (2010),
quality is no longer a recurrent word in service-
dominant logic, since the word “value” has taken
its place. In this perspective, one intends to under-
stand how the client creates value to himself from
the consumption of the service (Grénroos, 2008).

In other areas, such as operations management,
that also discusses about service quality (Jayaram
& Xu, 2016; Kress, & Wisner, 2012; Wen, Prybutok,
Blankson, & Fang, 2014; Yang et al., 2004), there
has been discussed the relationship of technology
and its impacts on quality perception, bringing e-
Service as a recurrent point of debate, since the
growth of online services has caused the geography
to have an even lesser role in the competitive strat-
egy, causing the costs of changing suppliers to be
linked to the convenience and utility of time, and
promoting service quality to a factor even more rel-
evant in the differentiation among competitors and
in the attraction and retention of customers (Yang
et al., 2004).

Nevertheless, despite the criticisms suffered over
time and the new perspectives to the researches
about service, the SERVQUAL scale is still large-
ly used in studies about service quality (Chenet,
Tynan, & Money, 2000; Jamal & Anastasiadou,
2009; Kumar, Tat Kee, & Charles, 2010; Mohebi-
far, Hasani, Barikani, & Rafiei, 2016; Stefano et al.,
2015)namely conventional and Islamic, in terms
of common critical factors after re-examining the
SERVQUAL model, originally pioneered by Parasur-
aman. Further, the technique of dominance analy-
sis is used to examine the relative importance of the
critical factors in closing up the overall service qual-
ity gap in these two types of banks. Design/meth-
odology/approach: The sample is made up of 308
bank customers, consisting of the customers from
both Islamic and conventional banks from different
parts of Malaysia. The data have been collected by
using the structured questionnaire, which consists
of three parts. Part 1 deals with consumers’ usage
of banking channels and their banking behaviour.
Part 2 contains 26 statements related to service

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 101-113

ISSN: 1984-3046



ARTICLES | The Moderate Effect Of Analytics Capabilities On The Service Quality

quality dimensions based on past literature. Finally,
Part 3 contains the questions related to the socio-
demographic profiles of respondents. Findings: The
modified SERVQUAL model consists of four criti-
cal factors (dimensions. The service quality model
developed by Parasuraman et al. (1985), which con-
siders the existence of important gaps regarding
the corporate executive’s perception of the service
quality and tasks associated with service delivery to
customers, is still a valid basic theory to understand
the obstacles in the processes of development and
delivery of a service.

Therefore, this research adopts the traditional ap-
proach of disconfirmation, that quality can be mea-
sured from the difference between the expectation
and perception of the service. This scale, when used
in researches that intend to study a specific mar-
ket, may be adapted to better represent the char-
acteristic language of the environment researched,
without losing, though, its backbone, that is the five
dimensions of quality and its way of measuring the
results. However, in this research, as it is not evalu-
ating any market specifically, and because it consid-
ers the SERVQUAL scale a valid generic scale, there
will be no adaptations.

In order to reach the research objective, which is to
understand the impact of the organizational analyt-
ics capabilities on the five gaps of the Service Quality
Model of Parasuraman et al. (1985), it is presented
in the following section a further detailed explana-
tion on the Service Quality Model of Parasuraman
et al. (1985), analyzing each of the five gaps delimi-
tated by the authors.

Service Quality Dimensions - 5 Gaps
Model

Based on a research carried out with managers of
companies related to four different sectors — retail
bank, credit cards, securities brokerage and repair
and maintenance of products and service — and their
respective customers, Parasuraman et al. (1985) no-
ticed along the research that there was a set of gaps
linked to the perception of the managers about the
service quality and the tasks related to the delivery
of services to customers, and that those gaps could
disrupt the delivery of a service of quality in the
perspective of the customers.

Thus, they created a model that helps identifying
the failures in the quality of the service, working as

a diagnosis tool (Ghobadian et al., 1994). The first
gap (Gap 1) is the “difference between the custom-
ers’ expectations and the perceptions of the man-
agers about the customers’ expectations” (Para-
suraman et al., 1985, p. 44). This gap exists when
the manager has an inconsistent perception about
what the customer really wants, and the reason of
its existence is the lack of focus properly directed
to the market (Ghobadian et al., 1994). Huang et al.
(2016) refer to this gap as the knowledge gap.

The second gap (Gap 2) is “the difference between the
perceptions of the managers regarding the custom-
ers’ expectations and the definition of the service
quality specifications” (Parasuraman et al., 1985, p.
45). This occurs when the managers cannot specify
the proper standards to the service, so that they
are in accordance with the customers’ expectations
(Huang et al., 2016. According to Parasuraman et al.
(1985); there is often the knowledge of the expecta-
tions, but it lacks the means to meet them. Huang et
al. (2016) refer to this gap as the design gap.

The third gap (Gap 3) is “the difference between
the service quality specifications and the effective
delivery of the service” (Parasuraman et al., 1985,
p- 45). This gap occurs when the service delivered
is different from the service designed by the man-
ager. Parasuraman et al. (1985) points out that, in
their research, the managers acknowledged that the
employees of a service company have a strong in-
fluence on the perceived quality and that it is not
always possible to standardize the service delivered.
Huang et al. (2016) refer to this gap as the perfor-
mance gap.

The fourth gap (Gap 4) is “the difference between
the real delivery and the external communications
about the service” (Parasuraman et al., 1985, p. 46).
Parasuraman et al. (1985) points out that it is neces-
sary to pay attention to not promote a service with
more benefits than it can be delivered, because it
raises the expectation and, when they are not met,
it causes lower perceptions of quality. Huang at al.
(2016) refer to this gap as the communication gap.

The fifth, and last, gap (Gap 5) is “the difference
between the customer’s perception related to his
experience and his expectation about the service”
(Huang et al., 2016, p. 88), and this gap is affected
by the previous 4 (Huang et al., 2016; Parasuraman
et al., 1985)based on the relevant literature and the
operational features of air freight carriers, the ser-
vice requirement attributes (SRAs. Parasuraman et
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al. (1985) refer to this gap as the service quality per-
ceived by the customer.

In the model presented by the authors (Figure 1),
the gaps shown as Gap 1, Gap 2, Gap 3 and Gap 4

Figure 1. Service quality model

occur during the stage of design and delivery of the
service, being caused, thus, by the managers. Re-
garding Gap 5, that measures the perceived service

quality, it is caused by the customer.

Word to mouth .
... Personal needs Past experiences
Communication
» Expected service |e
Gaps § L
CUSTOMER _
Perceived
service
GAP4 External
GAP 1 Service delivery |+————+| communication with
MANAGER customers
GAP3 | [ ‘
Service quality
specifications
GAP2 | |
Manager’s perception
‘—————— | about the customer’s
expectation

Source: Parasuraman, Zeithaml and Berry (1985). Adapted by the authors.

The manager is not capable of foreseeing all the
needs and desires of all its customers and adjust-
ing the offers according to the necessary level to
meet those demands (Parasuraman et al. 1985).
Therefore, the use of tools that help monitoring and
gathering information about the customers is fun-
damental, allied with the development of analytics
capabilities that can effectively bring advantages to
the organization. Thus, aligned to this understand-
ing, it is discussed in the next section about the
concept of Organizational Analytics Capabilities
and the strategic importance of developing those to
the organizations.

Organizational Analytics Capabilities

In order to be successful in the activities of analysis and
extraction of valuable information from data, it is nec-
essary to develop more than just generic practices rec-

ommended by specific knowledge corpus. It is needed
to develop an entrepreneurial culture that values deci-
sion-making based on data (Davenport, 2006), so that
it is possible to provide results, identify better market
opportunities and make assertive decisions.

In the current globalized scenario, with fast commu-
nication and easy access to information, companies
have started to own a great amount of data avail-
able, but in most cases they cannot turn those data
into useful strategic information (Azimuddin & Ka-
runesh, 2011). Organizations face different types of
problems in their routines, which demand fast and
precise decision-making, and that may demand from
the manager a series of abilities and skills to access
the best solution given the information available.

These abilities and skills to extract relevant informa-
tion from data are called analytics capabilities and
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this concept emerges from the discussions about
Business Analytics (BA) (Sincora, 2016; Sincora,
Oliveira, Zanquetto-Filho, & Ladeira, 2018). Ana-
lytics capabilities are part of a set of variables that
form the BA construct, that, in its turn, is seen as a
sub-group of Business Intelligence (BI) (Azimuddin
& Karunesh, 2011; Longo, Giacovelli, & Bochicchio,
2014), this one being defined as “an umbrella term
for an enterprise-wide set of systems, applications
and governance processes that enable sophisticated
analytics, by allowing data, content, and analysis
to flow to those who need them, when they need
them” (Azimuddin & Karunesh, 2011).

BA is defined by Khan and Saxena (2011) as a critical
component of BI, because, through technologies and
processes, it extracts relevant information from data
to analyze business performance. Corroborating with
the previous definition, Longo et al. (2014) define BA
as being responsible for creating, in organizations,
“capabilities to be competitive through processes and
procedures, that can be used to analyze data, in order
to improve business performance through facts-based
decision-making” (Longo et al., 2014).

The BA concept became stronger after Davenport’s
publication of the paper named “Competing on
Analytics” in 2006 in the Harvard Business Review
(Bronzo et al., 2013) and, since then, it has been
gaining notorious space among management para-
digms (Delen & Demirkan, 2013). That occurs be-
cause companies have been increasing the genera-
tion, storage and sharing of data, and BA proposes,
among other things, the possibility of data capi-
talization (Bayrak, 2015), for organizations stop
spending money solving problems to seek to opti-
mize the use of their capital (Davenport, Cohen, &
Jacobson, 2005).

However, in order to have an organizational strat-
egy addressed to optimization and with an imple-
mented analytics culture, it is necessary to use the
available data volume, be capable of analyzing those
data, understand and make predictions based on
that analysis and use the information generated as
a support, or input, to the decision-making, besides
having professionals who are technically capable of
understanding the importance of data usage for the
decision-making (Davenport et al., 2005) and ex-
tracting value from data. If the analytics perspective
is not present in the company at the strategic level,
the decision-maker will not know in which data he
should focus or which goal must be achieved with

the data analytics (Davenport, Harris, De Long, &
Jacobson, 2001).

In their research, SAS (2013) and Davenport et al.
(2005) highlighted, respectively, metrics and steps
to understand the analytics efficiency level of the
companies and the necessary characteristics to
compete analytically. Those metrics and steps pre-
sented in these two studies have several common
points that, in short, discuss the adoption of tech-
nology, processes, big data, analytics business strat-
egy and the need for having analytics capabilities
able to operationalize all these tools.

Analytics capabilities, a characteristic pointed out
by Davenport et al. (2005) as one of those which
form the BA construct, and the focus of this sec-
tion, are described as “(...) a portfolio of analytics
methods and tools. They include tools that support
traditional ad hoc queries, inferential statistics,
predictive analytics, simulation, and optimization,
thus supporting descriptive, diagnostic, predictive
and prescriptive analytics” (Acito & Khatri, 2014,
p. 567). Sincora (2016; 2015) when performing a
mapping of the scientific productions in BA of the
last 11 years (2004 to 2015), aiming to define the
variables that compose the organizational analyt-
ics capabilities, concluded that organizational ana-
lytics capabilities refer to a second order construct
formed by three first order constructs, which are:
statistical capabilities, business capabilities, and in-
formation technology capabilities. In this study it
will be adopted the organizational analytics capa-
bilities concept presented by Sincord et al. (2018).

To Sincora et al. (2018), statistical capabilities are
the “ability to develop logical, critical and analytical
reasoning about the organizational reality based on
quantitative data” (p. 38), and their indicators are
the elaboration of inquisitive, descriptive, predic-
tive and prescriptive analyses. Business capabilities
are the ability of making decisions based on data
and facts, that is, extracting information from the
available data, so that it helps identifying problems,
developing and implementing solutions. Their indi-
cators are: “clear communication of business prob-
lems; data translation into business perceptions;
interpretation of analyses from statistical models;
and decision-making based on facts and data” (Sin-
cord et al., 2018, p. 38-39).

Information technology capabilities are described
as the existence of technical skills enabling the use
of hardware and software that allow making com-
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putational modeling, having as indicators: “data
exploration; data hygiene; data integration; and
creation of big data environments” (Sincord et al.,
2018, p. 39-40).

Therefore, the present study focuses on understand-
ing the way in which the existence of analytics capa-
bilities in service companies may impact the exist-
ing gaps in the process of designing and delivering
the service, described in the model of Parasuraman
et al. (1985), presented in the previous section. In
order to do so, the next section discusses the way
in which the analytics capabilities can relate to the
5 Gaps Model, where it is presented the theoretical
propositions, final objective of this paper.

Organizational Analytics Capabilities
and the 5 Gaps Model

Many researches about BA, BI and Big Data have
been showing that the adoption of analytics strat-
egies and tools and the development of analytics
capabilities create positive results in organizations
(Chae, Yang, Olson, & Sheu, 2014; Thomas H. Dav-
enport, 2006; IBM, 2012, 2017; Lavalle, Lesser,
Shockley, Hopkins, & Kruschwitz, 2011; SAS,
2013). LaValle et al. (2011) in their research, to
which it was interviewed 3,000 corporate executives
of companies with different sizes and nationalities,
reported that companies which declared having a
superior performance over their competitors, have
used BA in their activities five times more than the
ones which declared having a lower performance.

IBM (2012), together with the Said Business School
of Oxford University, conducted a study with 1,144
information technology companies and profes-
sionals in 95 countries, where it was asked which
were the main functional objectives to use big data
in their organizations. As a result, 49% of the in-
terviewees affirmed that the main objective was
to achieve customer-focused results, which dem-
onstrates the important role of data usage and the
development of analytics capabilities to understand
and predict customers’ behavior, therefore, improv-
ing their experience.

For service companies, that have strategies ad-
dressed to seek customer-focused results, the ne-
cessity of understanding customers’ behavior and
predicting their choices is essential, because quality
perception, as seen before, depends on the previous
expectation of the customers, and understanding

which are these expectations is crucial to the suc-
cess of these organizations.

Those information about the customer together
with the development of statistical, business and
information technology capabilities, support the
manager to create a more realistic image of the cus-
tomer’s preferences and demands, causing a sensi-
ble reduction in the gap between the service expect-
ed by the customer and the manager’s perception
about this customer’s expectation, that is, in the
Gap 1 of the model of Parasuraman et al. (1985).
This way, it is introduced the first proposition of
this study:

P1: The existence of organizational analytics ca-
pabilities moderates the relationship between the
manager’s perception about the customer’s expec-
tation and the service expected by the customer
(Gap 1), diminishing the gap between these two
constructs.

The development of analytics capabilities in orga-
nizations may increase service quality, reduce op-
erational costs and increase return on assets (IBM,
2017), besides supporting the expansion of prod-
ucts and services offer (Bayrak, 2015). Neverthe-
less, many companies have not used this analytics
approach yet, and keep dealing with manual tools
and intuitive management, to draw conclusions
about data and act to improve operations (IBM,
2017), which turns up to be an under-usage of the
collected data, missing to extract valuable informa-
tion to the decision-making. Corroborating with
this perspective, Davenport and Dyché (2013) say
that “the primary value from big data comes not
from the data in its raw form, but from the process-
ing and analysis of it and the insights, products, and
services that emerge from analysis.”

Therefore, based on these discussions, it is possible
to affirm that the development of statistical, busi-
ness, and technology capabilities support the cre-
ation of new services, causing the manager to create
or improve products that have the characteristics
necessary to meet the customer’s demand, besides
promoting the essential conditions so that the cus-
tomer has access to these characteristics and he is
able to notice that his expectations were met, dur-
ing the delivery of the service. That way, there are
the second and third propositions:

P2: The existence of organizational analytics ca-
pabilities moderates the relationship between the
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manager’s perception regarding the customer’s ex-
pectation and the development of the specifications
(design) of the service that will be delivered (Gap 2),
diminishing the gap between these two constructs.

P3: The existence of organizational analytics capa-
bilities moderates the relationship between the ser-
vice design and the service delivery (Gap 3), reduc-
ing the gap between these two constructs.

According to what has been discussed along this pa-
per, customer’s quality perception depends on several
stimuli that build the customer’s expectation and the
image that he has of the service before consuming it,
which may be influenced by factors such as person-
al needs, past experiences, word of mouth, market
communication, image and price, and, consequently,
it can be shaped by the company that provides the
service, through efforts directed to marketing and
external communication (Ghobadian et al., 1994).

Thus, it is possible to notice that the external com-
munication about the service characteristics, which
get to the client through marketing actions, are fac-
tors that influence on the creation of expectations
related to the consumption of service, and, there-
fore, also influence on the perceived service qual-
ity. This way, the characteristics of the service that
must be advertised are the ones related to the cus-
tomer’s desires and easily noticed by him during the
production and consumption of the service, so that
the organization does not communicate character-
istics and benefits that is not able to provide or that
will not be easily noticed.

In this context, the creation and observation of indi-
cators to control the service production process qual-
ity helps the manager to understand the strengths
and weaknesses of his processes and use this infor-
mation to highlight the strengths in the advertise-
ments. That is, the existence of organizational ana-

lytics capabilities supports the creation of a realistic
advertising, showing what is in fact offered to the
customer, generating an expectation that can be
achieved by the service that will be offered.

Therefore, using statistical, business and technolo-
gy capabilities to create an efficient communication
and, as a consequence, diminishing the gap between
the characteristics of the service advertised and the
characteristics of the service offered is fundamen-
tal, so that the perceived service quality is the best
possible. So, it is presented the fourth proposition:

P4: The existence of organizational analytics capa-
bilities moderates the relationship between exter-
nal communication with customers and the service
delivered (Gap 4), reducing the gap between these
two constructs.

According to Parasuraman et al. (1985), the per-
ceived service quality depends on the size and direc-
tion of Gap 5 (the gap between the service offered
by the companies and the service perceived by the
customers), and this one depends on the size and
direction of the other four Gaps, that may be fa-
vorable or unfavorable. To improve service quality,
represented in the model as the Gap 5, the manager
needs to understand the individual effect of each of
the four remaining gaps (Huang et al., 2016) and
seek for tools that minimize the negative effect
these four gaps may cause in the service quality.
Therefore, it is presented the fifth proposition:

P5: The existence of organizational analytics ca-
pabilities moderates the relationship between the
service expected and the service perceived by the
customer (Gap 5), reducing the gap between these
two constructs.

This way, the research model and the propositions
presented in this section are represented in Figure 2.
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Figure 2. Initial structural model and propositions
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This theoretical essay has a critical, reflexive, and
positioned approach, since, based on the results
obtained from a systematic literature review, it was
possible to draw lines and structures to discuss the
theme of this text: the moderate effect of analytics
capabilities on the service quality.

This way, it was carried out a mapping of scientific
productions on Service Quality and Business Analyt-
ics from the last six years (2013 to 2018) in three re-
search databases in the field of Social Sciences (WEB
OF SCIENCE; CAPES SCIENTIFIC JOURNALS and
GOOGLE SCHOLAR). The articles were collected
based on the use of the keywords “service quality”,
“service quality dimensions”, business analytics”,
“business intelligence” and “big data”, searching for
the referred term in the title, abstract or keywords
of the articles published in the databases consulted.

FINAL CONSIDERATIONS

The aim of this study was to propose a new analysis
approach of the 5 Gaps Model of Service Quality sug-
gested by Parasuraman et al. (1985), seeking to eval-
uate a possible relationship between the existence

distance between the manager’s understanding of
the customer’s needs, the specifications and delivery
of the service, the customer’s expectations and his
perceptions after the consumption experience.

In order to better enlighten the proposed relation-
ship, five theoretical propositions were created, which
evidence the way in which analytics capabilities im-
pact the perceived service quality. According to the
propositions, as the analytics capabilities influence
the perception of the customer’s demand, service de-
sign, service delivery and in the way in which the ser-
vice is communicated (gaps 1, 2, 3 and 4), it will also
be impacting on the service quality perceived by the
customer (gap 5). Therefore, these propositions cor-
roborate with the idea exposed by IBM (2017), when
it says that the development of an analytics culture
may increase service quality, reduce operational costs
and increase return on assets.

For management purposes this research is relevant
because markets are quickly introducing new tech-
nologies that enable the improvement of data col-
lection and management, but often do not invest in
the development of organizational capabilities that
are capable of turning this data into answers. Thus,
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this study focused on demonstrating the impor-
tance and the impact of those investments, aiming
to stimulate them.

For academic purposes, the contribution occurs by
opening new possibilities for empirical tests that
can prove or refute the propositions presented here,
therefore contributing to the discussions within the
area of service quality and business analytics. It is
suggested that future research study whether the
presence of analytics capabilities is enough to create
impact on the service quality or the maturity level
of those capabilities would cause more impact on
this relationship. The maturity level of the analytics
tools in an organization has been discussed already,
such as in the work of Davenport et al., (2005), and
itis an interesting perspective to deepen the discus-
sion proposed in the present paper.

Despite the contributions that this study may pro-
pose, limitations were found, such as the necessity
of testing the propositions empirically. Based on
empirical tests it will be possible to understand if
the organizational analytics capabilities impact all
the stages of the service development and delivery,
present in the 5 Gaps Model, in a way that the cus-
tomer can notice the improvements, or if the analyt-
ics capabilities allow internal improvements (with
no less importance, though), with an impact that is
only noticeable to the internal components of the
organization. These tests could be performed based
on quantitative research, aiming to validate the five
propositions presented, or even qualitative research,
that seek a deeper reflection on the relationship pro-
posed between the constructs presented here.

In addition, this research aimed to demonstrate
that the customer-oriented organizational focus,
whether in the implementation of new processes,
new technologies or creation of new services, is a
decisive factor for a better evaluation of the service
quality by customers.

NOTE: A preliminary version in Portuguese of this
article was presented in the XXI Simpédsio de Admin-
istracdo da Produgio, Logistica e Operagdes Inter-
nacionais (SIMPOI 2018) held at Fundacio Getulio
Vargas in Sao Paulo, Brazil.

REFERENCES

Acito, F, & Khatri, V. (2014). Business analytics: Why now
and what next? Business Horizons, 57(5), 565-570.

doi:10.1016/j.bushor.2014.06.001

Akbar, M., & Parvez, N. (2009). Impact of service quality, trust,
and customer on satisfaction on customers’ loyalty. ABAC
Journal, 29(1), 24-38.

Azimuddin, K., & Karunesh, S. (2011). Business Intelligence:
A new dimension to business. Pakistan Business Review,
13(2). Retrieved from https://www.computerweekly.com

Babakus, E., & Boller, G. W. (1992). An empirical assesment of the
SERVQUAL scale. Journal of Business Research, 24(3), 253-268.

Bayrak, T. (2015). A review of business analytics: A business en-
abler or another passing fad. Procedia-Social and Behavioral
Sciences, 195, 230-239. do0i:10.1016/j.sbspro.2015.06.354

Beddowes, P, Gulliford, S., Knight, M., & Saunders, I. (1987).,
University of Nottingham, Nottingham (6).

Bloemer, J. M. M., & Kasper, H. D. P. (1995). The complex
relationship between consumer satisfaction and brand
loyalty. Journal of Economic Psychology, 16(2), 311-329.
doi:10.1016/0167-4870(95)00007-b

Bronzo, M., Resende, P. T. V. de, Oliveira, M. P. V. de, McCormack,
K. P, de Sousa, P. R., & Ferreira, R. L. (2013). Improving
performance aligning business analytics with process ori-
entation. International Journal of Information Management,
33(2), 300-307. doi:10.1016/j.ijjinfomgt.2012.11.011

Brown, T. J., Churchill, G. A., & Peter, J. P. (1993). Improving the mea-
surement of service quality. Journal of Retailing, 69(1), 127-139.

Chae, B., Yang, C., Olson, D., & Sheu, C. (2014). The impact
of advanced analytics and data accuracy on operational
performance: A contingent resource based theory (RBT)
perspective. Decision Support Systems, 59, 119-126.
doi:10.1016/j.dss.2013.10.012

Chenet, P, Tynan, C., & Money, A. (2000). The service perfor-
mance gap: Testing the redeveloped causal model. European
Journal of Marketing, 34(18), 472-497.

Cronin Jr., J. J.,, & Taylor, S. A. (1994). SERVPERF versus
SERVQUAL: Reconciling performance-based and percep-
tions-minus-expectations measurement of service quality.
The Journal of Marketing, 58(1), 125-131.

Dabholkar, P. A., Shepherd, C. D., & Thorpe, D.I. (2000). A com-
prehensive framework for service quality: An investigation
of critical conceptual and measurement issues through a
longitudinal study. Journal of Retailing, 76(2), 139-173.
doi:10.1016/50022-4359(00)00029-4

Davenport, T. H. (2006). Competing on analytics. Harvard
Business Review, 84(1), 99-107.

Davenport, T. H., Cohen, D., & Jacobson, A. (2005). Compet-
ing on analytics. Working Knowledge Research Report, 1-12.

Davenport, T. H., & Dyché, J. (2013). Big data in big compa-
nies. International Institute for Analytics. Retrieved from
https://docs.media.bitpipe.com/io_10x/io_102267/
item_725049/Big-Data-in-Big-Companies.pdf

Davenport, T. H., & Harris, J. G. (2007). Competing on Analyt-
ics: The new science of winning. Boston, MA: Harvard Busi-
ness School Press.

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 101-113

ISSN: 1984-3046

111



112 AUTHORS | Lais Rocha Vale | Larissa Alves Sincora | Leticia de Sousa Milhomem

Davenport, T. H., Harris, J. G., De Long, D. W., & Jacobson, A.
L. (2001). Data to knowledge to results: Building an ana-
lytics capability. California Management Review, 43(2), 117-
138. d0i:10.2307/41166078

Delen, D., & Demirkan, H. (2013). Data, information and ana-
lytics as services. Decision Support Systems, 55(1), 359-363.
doi:10.1016/j.dss.2012.05.044

Ghobadian, A., Speller, S., & Jones, M. (1994). Service
quality: Concepts and models. International Jour-
nal of Quality & Reliability Management, 11(9), 43-66.
d0i:10.1108/02656719410074297

Gronroos, C. (1982). An applied service marketing theory.
European Journal of Marketing, 16(7), 30-41. doi:10.1108/
EUMO0O000000004859

Grénroos, C. (2008). Service logic revisited: Who creates val-
ue? And who co-creates? European Business Review, 20(4),
298-314. d0i:10.1108/09555340810886585

Gummesson, E., Lusch, R. E, & Vargo, S. L. (2010). Transition-
ing from service management to service-dominant logic.
International Journal of Quality and Service Sciences, 2(1),
8-22. doi:10.1108/17566691011026577

Haywood-Farmer, J. (1988). A conceptual model of service
quality. International Journal of Operations & Production
Management, 8(6), 19-29. d0i:10.1108/eb054839

Huang, S. H. S, Tseng, W. J., & Hsu, W. K. K. (2016). An as-
sessment of knowledge gap in service quality for air freight
carriers. Transport Policy, 50, 87-94. doi:10.1016/j.tran-
pol.2016.06.006

International Business Machines. (2012). Analytics: The real-
world use of big data. Retrieved from https://www-935.
ibm.com/services/us/gbs/thoughtleadership/ibv-big-data-
at-work.html

International Business Machines. (2017). Descriptive |,
predictive , prescriptive: Transforming asset and fa-
cilities management with analytics. Retrieved from
https://www-01.ibm.com/common/ssi/cgi-bin/
ssialias?htmlfid=TTW14162USEN

Jamal, A., & Anastasiadou, K. (2009). Investigating the effects
of service quality dimensions and expertise on loyalty. Eu-
ropean Journal of Marketing, 43(3/4), 398-420.

Jayaram, J., & Xu, K. (2016). Determinants of quality and effi-
ciency performance in service operations. International Jour-
nal of Operations & Production Management, 36(3), 265-285.

Johnston, R. (1987). A framework for developing a quality
strategy in a customer processing operation. International
Journal of Quality & Reliability Management, 4(4), 37-46.
doi:10.1108/eb006070

Johnston, R. (1995). The determinants of service qual-
ity: Satisfiers International ~ Jour-
nal of Service Industry Management, 6(5), 53-71.
doi:10.1108/09564239510101536

and dissatisfiers.

Khan, A., & Saxena, K. (2011). Business Intelligence: A new di-
mension to business. Pakistan Business Review, 13(2), 3942.

Kress, N., & Wisner, J. (2012). A supply chain model for library
quality and service improvement. Journal of Operations and
Supply Chain Management, 5(2), 40-53.

Kumar, M., Tat Kee, E, & Charles, V. (2010). Compara-
tive evaluation of critical factors in delivering service
quality of banks: An application of dominance analy-
sis in modified SERVQUAL model. International Jour-
nal of Quality & Reliability Management, 27(3), 351-377.
doi:10.1108/02656711011023320

Lavalle, S., Lesser, E., Shockley, R., Hopkins, M. S., & Krus-
chwitz, N. (2011). Big Data, analytics and the path from
insights to value. MIT Sloan Management Review, 52(2), 21-
32. do0i:10.0000/PMID57750728

Longo, A., Giacovelli, S., & Bochicchio, M. (2014). Fact -
Centered ETL: A proposal for speeding business analyt-
ics up. Procedia Technology, 16, 471-480. doi:10.1016/j.
protcy.2014.10.114

Ministério da Induastria, Comércio Exterior e Servicos. (2017).
A importancia do Setor Tercidrio. Recuperado de http://
www.mdic.gov.br/index.php/comercio-servicos/a-secre-
taria-de-comercio-e-servicos-scs/402-a-importancia-do-
setor-terciario

Mohebifar, R., Hasani, H., Barikani, A., & Rafiei, S. (2016).
Evaluating service quality from patients’ perceptions: Ap-
plication of importanceeperformance analysis method. Os-
ong Public Health and Research Perspectives, 7(4), 233-238.
doi:10.1016/j.phrp.2016.05.002

Mondo, T. S., & Fiates, G. G. S. (2013). Os modelos de quali-
dade em servigos: Mapeamento da Produgio cientifica de
alto impacto para a 4rea de Administracio no Brasil até
2012, motivo de preocupacdo para os pesquisadores de
Marketing? Anais Do XXXVII Encontro Da ANPAD, 1-16.

Moore, C. D. (1987). Outclass the competition with service dis-
tinction. Mortgage Banking, 47(11), 24-32.

Nash, C. A. (1988). A question of service: action pack. Busi-
ness Management Programme, Hotel and Catering Industry
Training Board, National Consumer Council, London.

Oliver, R. L. (1980). A cognitive model of the antecedents and
consequences of satisfaction decisions. Journal of market-
ing research, 17(4), 460-469.

Oliver, R. L. (1997). Satisfaction: A behavioral perspective on the
consumer. New York, NY: Mcgraw-Hill College.

Orel, E D., & Kara, A. (2014). Supermarket self-checkout ser-
vice quality, customer satisfaction, and loyalty: Empirical
evidence from an emerging market. Journal of Retailing
and Consumer Services, 21, 118-129. d0i:10.1016/j.jretcon-
ser.2013.07.002

Parasuraman, A., Berry, L. L., & Zeithaml, V. A. (1991). Re-
finement and reassessment of the SERQUAL scale. Jour-
nal of Retailing, 67(4), 420-450. doi:10.1111/j.1438-
8677.2010.00335.x

Parasuraman, A., Berry, L. L., & Zeithaml, V. A. (1993). More
on improving service quality measurement. Journal of Re-
tailing, 69(1), 140-147.

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 101-113

ISSN: 1984-3046



ARTICLES | The Moderate Effect Of Analytics Capabilities On The Service Quality

Parasuraman, A., Zeithaml, V. A., & Berry, L. L. (1985). Model
service its quality and implications for future. American
Marketing Association, 49(4), 41-50.

Parasuraman, A., Zeithaml, V. A.,, & Berry, L. L. (1988).
Servqual: A multiple-item scale for measuring consumer
perceptions of service quality. Journal of Retailing, 64(1),
12-40.

Pereira, V. R. (2014). O setor servigos no Brasil. (Master’s thesis,
Universidade Estadual Paulista Julio de Mesquita Filho),
Araraquara, Sio Paulo, Brasil.

Prado, P. H. M., & Marchetti, R. (1997). Exceléncia em su-
permercados: A dimensio da satisfacdo do consumidor.
Revista de Administragéo, 32(2), 58-64.

Santos, J. (2003). E-service quality: A model of vir-
tual service quality dimensions. Managing Service
Quality: An International Journal, 13(3), 233-246.
doi:10.1108/09604520310476490

Sas Analytics. (2013). Assessing your business analytics initia-
tives. Retrieved from http://enterpriseittools.com/sas2//
Assessing%20your%20business%20analytics%20initia-
tives.pdf

Sincord, L. A. (2016). Capabilidades Analiticas Organizacionais:
Um estudo do impacto na relagdo entre maturidade de gestdo
de processos de negdcio e resiliéncia organizacional. Master’s
thesis, Universidade Federal do Espirito Santo, Vitéria, Es-
pirito Santo, Brasil.

Sincora, L. A., Carneiro, T. C. J., & Oliveira, M. P. V. de. (2015).
Business Analytics: How’s and whither will go? In 12th
CONTECSI - International Conference on Information Sys-
tems and Technology Management (pp. 1-23). Sao Paulo, SP.

Sincora, L. A., Oliveira, M. P. V. de, Zanquetto-Filho, H., &
Ladeira, M. B. (2018). Business analytics leveraging resil-
ience in organizational processes. Revista de Administragéo,
53(3), 385-403. doi:10.1108/RAUSP-04-2018-002

Spreng, R. A., & Mackoy, R. D. (1996). An empirical examina-
tion of a model of perceived service quality and satisfac-
tion. Journal of Retailing, 72(2), 201-214. doi:10.1016/
S0022-4359(96)90014-7

Stefano, N. M., Casarotto Filho, N., Barichello, R., & Sohn, A. P.
(2015). A fuzzy SERVQUAL based method for evaluated of
service quality in the hotel industry. In Procedia CIRP (pp.
433-438). doi:10.1016/j.procir.2015.02.140

Sureshchandar, G. S., Rajendran, C., & Anantharaman, R. N.
(2002).Determinantsof customer-perceivedservice quality:
A confirmatory factor analysis approach. Journal of Services
Marketing, 16(1), 9-34. doi:10.1108/08876040210419398

Wen, C., R. Prybutok, V., Blankson, C., & Fang, J. (2014). The
role of E-quality within the consumer decision making pro-
cess. International Journal of Operations & Production Man-
agement, 34(12), 1506-1536.

Yang, Z., Jun, M., & Peterson, R. T. (2004). Measuring custom-
er perceived online service quality: Scale development and
managerial implications. International Journal of Opera-
tions & Production Management, 24(11), 1149-1174.

© JOSCM | Sdo Paulo | V.11 | n. 2 | July-December 2018 | 101-113

ISSN: 1984-3046



