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Abstract Performance improvement in manufacturing is
the major target of small and medium size enterprises
(SMEs) of developing countries. This performance has
always been linked to the good management of information
flow (MIF) which is also a key to transforming a non-
flexible shop floor to a flexible one. The MIF in developing
countries has always been accurate when characterizing
the information flow. The good MIF is always based on the
value of information flow (VIF). In this paper, we analyze
the influence of the direction (decision-making levels or
information from hierarchy’s offices) and also the dimen-
sion (medium) of information flow on VIF on the shop floor
of developing countries, with Cameroon as a case study.
The audit results obtained from shop floors show that, in
developing countries such as Cameroon, there is still a
great impact of the non-digital information flow in pro-
duction operations, such as paper, audio, and visual
information. The results also show that the collaboration
between the personnel influences the production operations
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jobs on the shop floor as long as hierarchy’s levels of
decision making are concerned. From the results obtained,
a proposed model of information sharing depending on the
direction and the dimension in a woodworking company is
presented with a decision flowchart based on the VIF. The
analyzed VIF with artificial neural network shows that
SMEs can become efficient by considering the visual
information at every job post. A shop floor can only become
flexible when it has a good VIF.

Keywords Developing countries - Dimension - Direction -
Flexible shop floor - Performance -
Value of information flow

Introduction

The economic growth in developing countries can be
successful with the development of small and medium size
companies especially in Cameroon. This development
needs to pass through the timely delivery of good quality
product and customer’s satisfaction, which stand as pro-
duction key performance which can also play a major role
for the improvement of the economic growth in a country
(Adam et al., 2020; Alam & AL-AMRI, 2020; Tran & Le,
2020). According to Wei Ng et al., 2014, Vilarinho et al.
(2018), and Torres et al. (2020), some general root causes
of the poor performance in shop floor are: The absence of
the process standardization; the poor value of the Overall
Equipment Efficiency (OEE); the lack of 5S implementa-
tion methods; the absence of Kaizen method known as
continuous improvement and an ERP (Enterprise Resour-
ces Planning). These root causes always lead to poor
quality product and delay in production. From the works of
Dey et al. (2019); Shukla et al. (2019); Singh et al. (2019);
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Contador et al. (2020); Evans and Bahrami (2020);
Ojstersek et al. (2020) to improve company’s shop floor
performance, the production system of the shop floor has to
be flexible when facing unpredictable evens related to
operators availabilities, raw materials, machine break-
downs, environment constraints, customer’s requirement,
and markets competition. The transformation of a normal
production system to a flexible production system, or to a
flexible shop floor consists of setting up a good system of
flow management (information and materials flow) in
production or service operations (Closs et al., 2005;
Dawaikat, 2017; Kaur et al., 2017; Wadhwa et al., 2009;
Palanisamy, 2012). Thus, to improve the performance of
the shop floor, one must focus also on the shop floor
management of production, having as major objectives to
ensure proper materials and information flow, and the
identification of shortcomings in information flow sharing
and the scheduling of operations and resources (Alcaide-
Muinoz et al., 2018; Huo et al., 2016; Materna et al., 2019;
Nakandala et al., 2017; Suprapto et al., 2017). These
objectives produce as benefits in the shop floor, the
increase of transparency and accessibility to data, the
amelioration of shop floor communication, and the digi-
talization of the shop floor.

Each material to be processed on a production line has
to be linked to an information describing the materials
properties and the processes to be carried on by machines
or operators. The management of production flow focuses
then, on the management of information flow. Information
flow management has for long been a concern in the
research environment. In highly developed countries, the
management of information flow focuses on the transition
toward industry 4.0 as well as on development of new
facilities to easily share the information flow as Internet of
things (Mourtzis et al., 2019; Muller, 2017; Richter et al.,
2017; Tomanek et al., 2020) by given a value to every
shared information flow. However, in some developing
countries, small manufacturing companies are still running
their production operations in the traditional shop floor due
to economic shortage and low transfer of technology
policies (Agu & Mbah, 2013; Saymeh and Sabha 2014;
UNIDO, 2021). Managing the information flow in devel-
oping countries has pushed us Mbakop, Voufo, et al.
(2021) to present a general characterization of information
flow such as the type, the dimension, the direction, the
parameters, and the quality of information flow. The
dimension of information presented can be paper, docu-
mented, audio, mouth to mouth, Kanban card, electronic,
visual and digital information (Chi Anh & Matsui, 2011;
Tezel et al., 2009; Meudt et al., 2017; Tomanek et al.,
2016, 2020). Knowing that every information flow is
coming from a sender to a receiver, it refers also to a
motion of information in all the level of decision making in
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companies known as direction of information flow. The
direction of information flow can also be known as the
sense of flow of information (upward, downward, hori-
zontal, and diagonal).

The value of information flow (VIF) has been deter-
mined by many researchers to ascertain and improve the
shop floor performance using different methods and char-
acteristics such as dimension and quality. The VIF obtained
by Tomanek et al. (2020) based only on the dimension of
information (medium) in a shop floor where: The digital
information, the automated, the electronic, the visual and
verbal, and the documented (writing) have 5/5, 4/, 3/5, 2/5,
1/5 as VIF, respectively. The work of Mbakop, Biyeme,
et al. (2021) detailed the analysis of information flow based
on its characteristics by given out a model, a quantification
technique, and a predictive analysis system of performance
of enterprises of developing countries. However, a deep
emphasis was not focused on the combined influence of the
dimension and the direction of information flow on the
VIF. More often, researchers do not consider the weight
that an information flow coming from a decision-making
level related to the direction of information flow can have
on the receiver of the information.

In many cases with developing countries, information
(coming from a high level of decision) received by an
operator is not questionable even if it does not have any
added value to the production flow. Such information can
be the wrong presentation of production steps or require-
ment by the production supervisor or errors in machining
conditions and settings. According to Alcaide-Muiioz et al.
(2018), Bangre (2018), Nowak et al. (2020), the informa-
tion shared between employees is favorable for great
improvement of shop floor performance referring to the
horizontal information flow sharing. It is for this reason
that this paper sets out to solving the problem of perfor-
mance by analyzing the influence of direction and dimen-
sion on the sharing of information flow based on the VIF
using an artificial neural networks (ANN) (developed by
Mbakop, Biyeme et al. (2021)) with Cameroon shop floor
as a case study. In simple terms, the goal of this paper is to
make known to managers, to production supervisors, and
production operators, the influence that the weight (how
and where, how and to whom) of a shared information flow
coming from a level of decision through a medium may
have on shop floor performance when production opera-
tions are being carried out. The outcome of this work will
enable managers of SMEs to improve their methods of
information sharing by improving the performance of their
shop floor even without being at the technology level of
industry 4.0.
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Review of the Analysis of the Value of Information
Flow on the Shop Floor

The management of information flow on the shop floor for
production operations is also based on the VIF that is
shared between the operators (humans) or machines (flex-
ible machines or traditional machines). To VIF on the shop
floor, some researchers based their interest on the analysis
of the integration of information flow in the process, some,
on the analysis of the characteristics while others, the
analysis of the quantification of Shannon theory. Talking
about the integration of the information flow in the pro-
duction process, Aubert et al. (2003) focused on the quality
of information flow (accessibility, timeliness, transparency,
and granularity) to analyze the value of information flow.
In their analysis, they considered the quality of information
flow as a cost function. The result of their analysis showed
that, the more the quality of information flow was low, the
more the value of information was low, and the more the
value added to the production process was low. Berente
and Vandenbosch (2004), still on the same integration of
information flow in the production process, noticed that the
cost function of the quality of information flow (QIF) was
very difficult to evaluate. However, they rather used the
time to measure the quality notion. To measure the time,
they focused on these question: At what time an operator
be it human or machine can determine the accessibility, the
transparency, the timeliness, and the detailed information.
They were forced to use audit method in order to have all
the quality information time for the job operations that
were in the shop floor. However, some researchers as
Bateman et al. (2009) did not use the same approach as the
previous researchers, but they analyzed the value of
information flow based on visual management that are
formed from information posted on boards. Their analysis
of the value of information was to build up key perfor-
mance indicators (KPI) for information present on boards.
The results obtained proved that, visual information which
is a part of dimension of information can improve the
performance activities on the shop floor and enable a good
communication between personnel. Still on KPI, Meudt
et al. (2017) used the value stream information storage
media like Paper, Employee (mouth to mouth communi-
cation), Kanban cards/FIFO, and CAD-CAM-Software
Tool to evaluate the value of the information flow on the
shop floor to reduce waste and improve quality production.
The value of information in their research works was
defined by the following KPI, DA (data availability), DU
(data usage), and DR (data rate). Another approach was
presented by Tomanek & Schroder (2017), these
researchers used the value added heat map (VAHM) to
analyze the value of information flow on the shop floor by
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focusing on the dimension of information flow. They car-
ried out an audit on the shop floor as the implementation of
their research methodology. The stream analysis of infor-
mation using the VAHM demonstrated that digitalized
information such as Internet of things has 5 as scale value
and paper information has 1 as scale value. In this paper,
the VIF will range from O to 1 to determine the amount of
information or the capacity of the information flow that it
takes for a medium system to enable the shop floor to be
performant. Mourtzis et al. (2019) quantified the value of
information flow with the Shannon Theory on information
for a transition of traditional shop floor to shop floor of
industry 4.0 based on the research work of Mourtzis et al.
(2017). The Shannon Theory measures the quantity of
information flow transferred through a medium of infor-
mation at a source without focusing on who is the sender or
the receiver. The Shannon Theory can also measure the
entropy of information flow in a channel. The results they
obtained show that, when the entropy of the information
flow is null, the capacity of information transmission which
defines also the value of information is 0. However, in their
works, they have not valued the capacity of other dimen-
sions such as paper information, audio information, and
oral information because these dimensions of information
also present the real environment shop floor information
shared in developing countries. Tomanek et al. (2020) have
equally analyzed the VIF going from their hypothesis
(Tomanek and Schroder, 2017). The VIF was about com-
puting the digitalization degree on the shop floor. They
found that, the more the shop floor is digitalized, the higher
the VIF shared. Mbakop, Biyeme, et al. (2021) did a pre-
dictive analysis of the VIF for developing countries, in
their analysis they ranged the VIF in the unit interval.
Mbakop, Biyeme, et al. (2021) consider that when VIF
> 0.5, the shop floor has the ability to improve its
performance.

From the previous research works presented on the
analysis of the VIF, it comes out that many researchers
focused on dimensions of information (media) and the QIF.
However, they did not consider in their analysis the
direction of information flow which states the sense of flow
of information. On shop floors of developing countries,
when an information flow is sent from a supervisor to an
operator, the influence of the message coming from a
supervisor to an operator has a great impact. They did not
integrate the influence of the information coming from a
strong decision-making level operator to a lower decision-
making operator. It will be of a great use to analyze a
coupled influence of the complete dimension of informa-
tion and the various direction of information in the value of
information. Information flow on the shop floor can be
characterized for a good management in production oper-
ations. Therefore, as described by Mbakop, Voufo, et al.

@ Springer



258 Global Journal of Flexible Systems Management (June 2022) 23(2):255-270

(2021), an information flow can have five characteristics
which are made of sub-characteristics that will form a total
of twenty components of dynamics vectors, when the
information is shared for point A to point B. The dynamism
of information flow is the consequence of using artificial
neural network because of their high abilities to analyze
dynamic data with a good score and their capacity of
analyzing complex systems which are dynamic (Abdipoura
et al., 2019; Cinar et al. 2020; Goppert et al., 2021; Hos-
seinzadeh et al., 2020; Thomas et al., 2017; Lingitz et al.,
2018).

The structure of an ANN for regression having one
output is illustrated by Fig. 1.

The ANN that will be used to analyze the influence of
dimension on this information flow will be built as pre-
sented by Table 1 as inspired in the works of Mbakop,
Biyeme, et al. (2021).

Methodology for the Analysis of the Impact
of Dimension and Direction on the VIF

The proposed methodology that will lead to the result of
this manuscript starts with the weight model of the VIF that
will be used to determine the weight of the dimension and
direction of information flow resulting from the audit data
obtained. We will proceed with the construction of sce-
narios 1 and 2 based on hypothesis resulting from the audit.
The various hypotheses depend on the characteristics of
information flow characteristics (CIF) to facilitate the
analysis of the audit data obtained. The next steps will be to
use the formula of the weight of the CIF, to compute and
present the weight of dimension and direction of infor-
mation flow coming from the audit result, respectively. The
analysis of the influence of the direction and the dimension
of the information flow of scenarios 1 and 2 will follow to

Fig. 1 ANN structure Inputs variables
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end up with a proposed relationship between the values of
information flow with the flexibility of a shop floor
(Fig. 2).

From the information flow characteristics, the value of
information can be considered as the addition of the
weighted values of other characteristics. We will notice
that using weight on information enables us to have an easy
quantification of the information that flows in the produc-
tion system. If a work order arrives in the system, the
following interrogations are necessary to be taken in con-
sideration while quantifying the value of information flow.
What are the specificities or the properties of the materials
that are to be processed? Who gave the production order or
who ordained the starting of production? On what medium
the production order has been received by operators (hu-
man or and machine)? Do the production steps arrived
timely or do the operators are well trained to interpret
technical data, drawing and design? Are they accessible
and transparent? The above questions emanate from the
characteristics of information flow presented in Table 2
(See “Appendix”). In this paper, the value of information
flow is based on the type, dimension, the direction, the
parameters, and the quality of information. To have all the
responses to the above questions, an audit on shop floor is
being carried out and the various weights are being defined
for the case study.

Weight Model of Value of Information Flow
for Audit Results Analysis

From the definition of the characteristics of information
flow that constitute an information flow (IF), taking in
consideration the weight attributed to the sub-characteris-
tics of information flow in the audit that we carried out, we
will define W as the weight attributed to each of the fol-
lowing sub-characteristics. Though this weighted model of

Hidden layers

G
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Output layer
Target
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Table 1 Characteristics of the chosen ANN model

Number of Number of Number of Number of nodes per Function of activation of  Function of activation
inputs hidden layers Output (VIF) hidden layers hidden layers of output
First 20 3 1 5 ReLU Linear
scenario
Second 16 3 1 4 ReLU Linear
scenario

* Recalling the
definition of the

weight of cach * Define the hypothesis

resulting from audit

"fhc CIF data and the interval of
‘Weight model of the CIF flc
the VIF

N

Fig. 2 Proposed methodology

the characteristics of information flow has been presented
by Mbakop, Biyeme, et al. (2021), we reuse or recall it to
evaluate the influence of direction and dimension of
information flow on the performance of shop floor.

Type of information (TY) flow can be modeled as:

TY = W(tij) { w (tlj) the weight of the type of information

- Wryr Wryr the total weight of the type of information

(1)
Dimension of information (DI) can be modeled as:
W (xj)
Wpim
o { W (x;) : the weight of the dimension of information

DI =

Wpim : the maximum weight of the dimension of information
(2)
Direction of information (DrlI) can be model as:

i = Y 0u)
Worim

{ W(y,:,») : the weight of the dimension of information

Wiy © the maximum weight of the dimension of information
(3)

The parameters of information (Prl) can be modeled
flow as:

» Weight result of
the dimension
and the direction
of information

ANN for the VIF
of Scenario 1

« Analysis of the
influence of
Direction of

* Analysis of the
influence of

Dimension of

information flow

ANN for the VIF
of Scenario 2 1

4
_ YW (i)
Wenr
{ W(p,:,-) : the weight of each component of the parameter of information

Prl

Weir - the total weight of the parameter of information flow
(4)
Quality of information (QI) can be modeled as:

Ql= Zj:l W(qij)
Worr

w (q,v,) : the weight of each component of the quality of information
X
Worr : the total weight of the quality of information

(5)

If N is the number of the characteristics (five in this
case) of information flow containing the information flow,
the VIF that we want to obtain for every information flow
arriving in the system is described by Eq. (6).

TY + DI + DRI + PrI + QI
viF - Y+ +N+r+Q (6)

The optimum value of information flow can be given by
maximizing Eq. (7):

TY<1

DI<1

DRI<1 (7)

Pri<1
TY + DI+ DRI+ QI + Pl _

5
It will be for a heavy task to examine the characteristics

of information flow which maximize or minimize the value
of information flow. For this reason, we will use the

1
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proposed ANN model proposed at Table 1 to achieve our
results.

Construction of Scenarios

After analyzing the questionnaire given to company
workers, it came out from their points of view that:

The type of information flow for the direct case can
define the information concerning the raw materials of the
product to be manufactured, the technical design descrip-
tion of the drawing, the quality material of the raw material
to be processed, and for the indirect case. We can have the
information resulting from the process related to the
material, the machine, and the operator. From it, we have
the following first hypothesis:

Hypothesis H;, the production processes of a raw
material starts when the information about the raw material
(direct information) is fully available to the operator (ma-
chine, human). The direct or the indirect information flow
can take real value in the unit interval which is [0,1]. Thus,
if the direct information value is 0, meaning the informa-
tion concerning the raw material does not exist, the pro-
duction process will not start. If the direct information
takes the value 1, the production can start, for all the
information concerning the raw material is available.
Likewise, the indirect information can take a value if there
is an information related to maintenance, order canceled by
a customer, production errors, shortage of energy, avail-
ability of the operators (human or machine), if it has 0 as
value it means that the indirect information does not exist.

Concerning the dimension of information flow in this
case, we have considered the scale values of Tomanek and
Schroder (2017).

Hypothesis H,, an information flow can only come
from one direction and not more than two in order to avoid
disruption and conflict. The direction of information can
take values between the unit intervals.

An information flow can be sent from a higher position
decision-making level (supervisor) to a lower position
decision-making level (operator or machines), so the
direction from which an information is received or sent can
also be important and taken in consideration. An infor-
mation coming from a manager to an operator may have a
higher effect on the operator than an information coming
from an operator to an operator.

Hypothesis Hj, the information flow can only come
from one direction not from more than two direction in
order to avoid conflict in the decision making by operators.
The direction of information flow can also take the real
values in the unit interval.

The value of parameters obtained from information
flow, which are velocity, viscosity, complexity, and
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volatility according to the level of influence of each of the
characteristics, is defined in the unit interval.

Hypothesis Hy, an information flow will have a poor
value when it is volatile and viscous. The complexity of
information depends on the capability of decoding of the
person who receives the information.

Concerning the quality of information flow, all the sub-
characteristics will have their value in the unit interval
according to the answers received from audit. The trans-
parency and granularity of information flow depend on the
personnel appreciation, so it weighted value can vary from
0 to 1 but for machines it will remain binary value 1 or O.
The timeliness and the accessibility of information flow
can also vary from O to 1. When the information is fully
accessible and when it fully arrives and is timely, the value
of these CIF is taken as 1.

Hypothesis Hs, the value of information flow is null if
an information flow is not accessible or/and not timely
(value nearly equal to 1 for operators and 1 from machines)
and also in this case, granularity and transparency values
must be at least superior to 0.5. It has to be noted that the
parameters of information flow have the same evolution as
the quality of information flow.

It comes from hypothesis Hy, H,, H3, Hy, and Hs a first
scenario of the analysis where there is the presence of
parameters of information flow, which is the case of some
shop floor poor industrial countries and also from Hy, H,,
H3, and Hs a second scenario of analysis where the prob-
lem of volatility, complexity, and viscosity of information
have been solved. This hypothesis concerns the small
companies in developing countries, namely Cameroon. The
hypothesis construction diagram is shown by Fig. 3.

Results and Discussion
Audit Results

The audit results from small and medium size wood-
working companies concerning the dimension of informa-
tion flow show that 1% of the information flow shared
within the operators of these companies is digital showing
the way to digitalization of information for production
operations is too far, 3% of information shared for pro-
duction operations are electronic. These results also show
that 10% applied the visual information, Kanban card and
information pasted on board; 39% of information shared
for production operations are on paper; 47% of information
shared are being done by mouth to mouth, by phone or by
alarm. The special case here of oral or audio information
flow happens when there is a noise from a machine, then
the operator is able to diagnose what happen on the

L 4
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Fig. 3 Hypothesis construction diagram

Fig. 4 Dimension of

Information flow on shop floor Weight from Audit

woodworking companies

39%

machine, or what is happening on the machine, be it for
production or maintenance, Fig. 4.

The audit results from small and medium size wood-
working companies concerning the direction of informa-
tion flow show that diagonal information flow describing
the information coming from expert represents 2% of the
information flow shared in shop floor operations. The
downward information describing the order to produce or
to run the production from a supervisor or a maintenance
instruction from a high level of decision making or from
(from a machine B preceded by machine A) a low level
represents 62%. The horizontal information flow describ-
ing the information shared between the same operators of
the same level of production be it for human or for
machines has a percentage of 29%. The upward informa-
tion flow, moving from a low decision making to a high
decision making (or from a machine B to a machine A), is
not quite considered in such companies for it has the
sharing percentage of 7%, Fig. 5.

L 4

Dimension of information flow ~
m Digital
m Electronic

Oral, Audio , Word

Paper information

B Visual

Such company shop floor in production operations can
model the shared information as presented by Fig. 6.

In this woodworking company, the information shared is
function of the dimension and the direction flow in the shop
floor; the behavior of operators (machine or human)
depends on the medium and the level of decision-making
hierarchy.

Integration of the VIF in the Woodworking Process

Technically, in a woodworking company where furniture is
being fabricated daily, as it is the case of many shop floors,
we proposed a flowchart for the interaction of information
flow based on the CIF in woodworking processes as
described by Fig. 7. This proposed model will transform
the non-flexible shop floor to a flexible shop floor by
increasing the performance of the shop floor. The
description of the production process goes as follows:
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Fig. 5 Direction of Information

flow in shop floor woodworking Weight from Audit
companies

Direction of information flow ~

® Diagonal
= Downward
® Horizontal
Upward
,i“‘-":\ a CHART LEGEND
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% » (D) 0 - » Horizontal Information flow =
S
B (®:90 0] T
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it )\
o Electronic information
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Fig. 6 Modeling Information flow sharing on the shop floor woodworking companies

Arrival
of the
order

Timber o] Cutting the
reception Timber

Fabrication of
components

Assembly of
components

operations

NA VIE A

A: Accepted value of the informationflow N A : Non-Accepted value of information flow
Becline VIF 1,VIF 2,VIF 3,VIF4,VIF5, VIF 6 : Analyzed value of information flow
the
proposed
Timber

Decline
the

Fourniture
order

Product
output

Fig. 7 A proposed flow chart for the interaction of information flow based on the VIF

When the order of a customer arrives on the shop floor, order of the customer, if not he will ordain the arrival of the
the production supervisor analyzes the VIF (VIF1) con-  timber. The required information of the timber will be
cerning the order. He will check if the shop floor has the  checked out (VIF 2). The VIF 2 will be to check who the
necessary material, the operators, the machines, the  supplieris or who delivered the type of the timber, what are
established process, the technical drawing of the furniture = the mechanical and chemical properties of the timber, and
proposed by the customer, after the checking if the VIF 1 the verification of the related operations to be carried out
has a poor value, the production supervisor will decline the  on the timber. If VIF 2 is not accurate, then, another timber
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will be chosen but if it is acceptable. The operator will start
the cutting operation of the timber. During the cutting
operation, the VIF 3 signifies, the usage of the concerned
machines (operators) by verifying their availability and the
cutting tools condition with all the required parameters.
The ability of the operator to interpret the technical code of
the drawing and also the transparency and the details
(granularity) of the cutting operations. If the result coming
from VIF 3 is acceptable, then we move to the various
fabrication of the components. This stage is also condi-
tioned to the respect of the various specificities of the
fabrications. These various specificities of the components
are the size, the dimension, the machine setting up, the
lubrication, the understanding, and the interpreting of the
noise of machine (communication between the machine
and the operator) when cutting, the interpretation of the
nature of the chip. If VIF 4 is acceptable, we move to the
next step which is the assembly operations, even this step is
conditioned by VIF 5. After the assembly operations, the
next step is the finishing process which is conditioned by
VIF 6, if VIF 6 is acceptable then the production process
will be stopped if not some checking actions has to be
done.

After building the dataset from the audit results
obtained, the ANN presented above was used to analyze
the influence of dimension and direction of information
(under the two scenarios mentioned) on the predicted VIF
with a score of 0.99 for scenario 1 and 0.994 for scenario 2.
The predicted VIF of the first and second scenario has been

extracted and presented by Figs. 8 and 9. From the
extracted sample of the predicted VIF inspired by the
works of Mbakop, Biyeme, et al. (2021), we can therefore
analyze the influence of the direction and the dimension of
information flow on the VIF.

The Influence of Dimension of Information Flow
on the VIF

Having a look on what Tomanek and Schroder (2017) did,
the value of information flow on VAHM is essentially
based on the dimension of information flow. The results
obtained in the first scenario illustrate that the presence of
the parameters of information flow such as volatility and
viscosity can render null the value of an information flow;
it is what Tomanek and Schroder (2017) called media
disruptions which is the case of X> as presented in Fig. 10.
From Figs. 10 and 11, the VIF for the digitalize (XZ)
information is 0.9340 and 1.0131, respectively. It brings to
understand that ANN can also be used to determine or
predict the VIF both with parameters of information flow
or not, depending on which form of company shop floor we
find ourselves because according to the scale value of
Tomanek et al. (2016), it is supposed to be 1 (or 5). The
paper information flow (X*°) has as greatest VIF 0.8635
and 0.7205 according to the different scenario and when
the quality of information is clearly met top as an accurate
transparence, accessibility, timeliness, and granular, thus
the value of information flow when having a paper

Characteristics of information flow of the_first scenario i Output

Xty |,tip X131 | Xpp X33 Xaa | Xs5 | Xeg Y11 | Y22 | ¥33 | Yas | P11 P12 | P13 Pia Qu| Q2| Q3| Qis | VIF Pred
»1 0 0 0 0 0 080 0 0O 0 091 0 0 0 1 1 1 07 0877
¥ 1 1 0 040 0 0 0 0O 060 0 08 1 0 0 1 1 1 0 08006
X1 0 0 0 0 0 0 1 0 0 0 03 1 01 0 0 07 1 1 0.1 09340
,,,,,,,,, 1 0 0 0 0 060 0 0 0 0 1 1 0 08 1 1 1 1 0 0007
1 0 02 0 0 0 0 0 09 0 0 0 1 01 0 0 1 1 1 0 0.7748
1 0 02 0 0 0 0 0 0 0 0 1 1 03 102 105 |1 1 1 0 0.5618
1 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 1 1 1 0 0.93402
A ! 0 0 0 0 06 0 0 0 0 08 0 1 1 0 0 1 1 1 09 06823
1 0 0 0 04 0 0 0 1 0 0 0 1 1 0 0 1 04 1 0.8 | 0.0008
|1 0 0 0 04 0 0 0 0 0 1 0 1 03 0 0 08 1 1 0.7  0.5208
i1 1 0 0 040 0 0 0 0 0 071 0 0 0 |1 1 1 |0 | 05208
111 I 0 04 0 0 0 0 0 03 |0 0 1 1 1 0 1 1 1 0 0.5208
1 0 0 0 0 0 08 0 08 0 0 0 1 1 1 0 1 1 02 09 | 05208
1 0 0 0 0 0 0 1 0 1 0 0 1 1 1 08 1 01 1 0 0.5208
10 1 0 0 0 0 0 1 0 0 0 1 1 02 1 02 1 1 1 09 | 05208
1 0 0 0 0 06 0 0 0 07 0 0 06 |1 1 04 1 1 1 08 05208
0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 1 1 1 1 1 0.5208
0 1l 02 |0 0 0 0 0 0 0 08 0 1 1 1 1 07 |1 1 0 0.5208
311 0 0 0 04 0 0 0 0 1 0 0 1 05 |1 1 1 09 1 05 | 05208
|1 0 0 0 0 0 08 0 07 0 0 0 1 1 1 1 1 1 1 06 05208
1 1 02 0 0 0 0 0 1 0 0 0 1 1 1 06 1 1 1 06 | 0.8635

Fig. 8 Extracted values of the analysis of the VIF of the first scenario
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Characteristics of information flow of the second scenario Output
X t11 tiz X131 Xz X33 X44  Xs5  Xee Vi1 Y2z Y33 Yaa Qi1 Q12 Qi3 Qi4 VIF pred
X1 0 0 0 0 0 0.8 0 0 0 0 09 1 1 1 0.7 0.72095
X 1 1 0 04 O 0 0 0 0 0.6 O 0 1 1 1 0 0.80236
X 1 0 0 0 0 0 0 1 0 0 0 03 0.7 1 1 0.1 1.0131
X 1 0 0 0 0 0.6 0 0 0 0 0 1 1 1 1 0 0.7054
X1 0 02 0 0 0 0 0 09 0 0 0 1 1 1 0 0.6475
X 1 0 02 0 0 0 0 0 0 0 0 1 1 1 1 0 0.6590
X1 0 0 0 0 0 0 1 0 0 1 0 1 1 1 0 1.0070
X 1 0 0 0 0 0.6 O 0 0 0 08 0 1 1 1 0.9 0.6780
X1 0 0 0 04 O 0 0 1 0 0 0 1 0.4 1 0.8 0.0007
X 1 0 0 0 04 O 0 0 0 0 1 0 0.8 1 1 0.7 0.6880
X0 1 1 0 0 04 O 0 0 0 0 0 0.7 1 1 1 0 0.6880
X! 1 1 0 04 O 0 0 0 0 03 O 0 1 1 1 0 0.6880
X721 0 0 0 0 0 0.8 O 0.8 0 0 0 1 1 0.2 0.9 0.6880
X531 0 0 0 0 0 0 1 0 1 0 0 1 0.1 1 0 0.6880
X* 0 1 0 0 0 0 0 1 0 0 0 1 1 1 1 0.9 0.6880
X7 1 0 0 0 0 0.6 O 0 0 0.7 O 0 1 1 1 0.8 0.6880
X 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 1 0.6880
X7 0 1 02 0 0 0 0 0 0 0 08 0 0.7 1 1 0 0.6880
X% 1 0 0 0 04 O 0 0 0 1 0 0 1 0.9 1 0.5 0.6880
X7 1 0 0 0 0 0 0.8 0 07 O 0 0 1 1 1 0.6  0.6880
X1 1 02 0 0 0 0 0 1 0 0 0 1 1 1 0.6 | 0.7205
Fig. 9 Extracted values of the analysis of the VIF of the second scenario
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Fig. 10 Influence of the dimension of information on VIF of the second scenario

information for a production process cannot be null. The
VIF obtained here is quickly above what Tomanek et al.
(2016) found for they were at 1, whereas we are at 4.
Therefore, when an operator is sharing all the information
that required the product processing, it can then carry on
the production; nevertheless, digital remains the best
option. The visual information flow (Xlo, Kanban board
can also have a good value of information on the shop floor
as presented in both scenarios) when all the maximization
conditions are met up. In this sample, the highest value is
0.688 and it is almost equal to 3 but we can improve it
when digitalizing the visual information on this shop floor.
This is the reason for which Kanban board or ticket is

@ Springer

mostly used in SMEs which are not high advanced in
technology. The audio information flow mostly known as
word information or sound and alarm in shop floor (X*) has
a VIF equal to 0.801 and 0.802 in the first and second
scenario comparing it to the result obtained by Tomanek
et al. (2016); it will be equal to 4 instead of 2. Thus, the
value of information flow in a shop floor can not only
depend on one or two characteristics, but also it is advis-
able to consider all the characteristics of information flow
except those which can add a negative influence on the
shared information such as parameters of information.
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Fig. 11 Influence of the dimension of information on VIF of the first scenario
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Fig. 12 The influence of the direction of information on VIF of the first scenario

The Influence of Direction of Information Flow
on the VIF

From Figs. 12 and 13, the attention is paid where the value
of the direction of information flow is almost equal to or
matching with the VIF_Pred. It comes that from the first
scenario, the information flow described by X° with Yy
(diagonal) as direction has 0.9 as value and 0.84773 as
VIF_pred. For the second scenario, we have for X'0 with
Y44 (diagonal) having 0.7 as value and 0.688 as VIF_pred.
From the above result, the dimension value of information
and the VIF are similar under the influence of the presence
of other positive characteristics. Practically, the diagonal
information which can be taken as an external information
coming from expert, consultancy, or certification recom-
mendation for the production operations in the shop floor

L 4

plays also a major role in increasing the VIF on the shop
floor for production operation. Having a look at the hori-
zontal information flow for the first and second scenario,
the results obtained are as follows: 1 (ys3,) and 0.934, 1
(y33,) and 1.007, for the information flow X8, respectively.
From the result obtained based on the horizontal informa-
tion, we observe that the VIF_pred is also similar to it and
that, the influence of the horizontal information toward the
VIF_pred is also important under the conditions of having
positive others characteristics.

On the shop floor, the horizontal information may
always come from the colleague of the same level of
decision making. It may come also from the machine from
the same duty or operation tasks, and finally for human
operators sharing the same production activities, the shared
horizontal information in the shop floor is not to be
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Fig. 13 The influence of the direction of information on VIF of the second scenario

minimize during the production operations under the con-
ditions avoiding non-added VIF.

Future Research Directions

In some developing countries, there is still much to be done
to improve the performance of the shop floor where pro-
duction operations are being carried out. In this paper, we
analyzed the impact that a decision level can have on a
production operation task carry out by a human according
to the information that is delivered to accomplish the duty
and also according to the support that carried the infor-
mation. This analysis had as objective, to render the shop
floor flexible. Many managers can use this work to ame-
liorate their communication during production processes.
And also taking in consideration the fact that though their
company is not yet fully digitalized, they can still be effi-
cient by computing the VIF at each step. After the com-
putation of the VIF, they should improve the characteristics
of information flow from job post to job post using the
visual management technique and also having an ear
opened to the constant information that is sent to them by
machine operators. This paper will also improve the eco-
nomic aspect of the company, because the development or
the amelioration conditions of small- and medium-sized
companies accelerate the economic growth according to
Akinboade (2014), Puatwoe and Piabuo (2017).

However, the insufficiency of this work is that the per-
formance obtained does not really tell us how to improve
the production time and product quality. How can we
determine the total production time of the production tasks

@ Springer

on the shop floor based on the VIF to ameliorate the
flexibility of the shop floor using the CIF? How can we use
the VIF to proposed model of the quality inspection of
production operations at each step using the CIF?

Conclusion

The continuous improvement of performance of small
manufacturing companies in developing countries is not
based only on timely delivery of quality product to cus-
tomers but also on the management of information flow
that contributes to the manufacturing processes of the
product. The previous works on analysis of the manage-
ment of information flow developed different methods to
analyze and quantify the value of an information in a
production line. The quantification analysis of the VIF was
based just on one characteristic of information flow such as
dimension; quality without using ANN. However, a deep
analysis to determine the influence of direction and
dimension of information flow on the VIF during shop floor
operations was not tackled. This paper had as aim to ana-
lyze the influence of dimension and direction on shop the
floor of developing countries taking as case study,
Cameroon small and medium companies using ANN. The
results of this paper link the flexibility with the dimension
and the direction of information flow. Though we had
major challenges in data collection and communication
with companies, the results of this work show that, some-
times, the shared information from a high decision-making
level to a low decision-making level (downward informa-
tion) may have a high weighted (on the behavior of the
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operator) value even if the information wrongly influences
the production process because of the supervisor’s order.
To avoid this, the production supervisor has to always give
an open ear to machine operators because they are the one
knowing the daily realities of the shop floor according to
the specificities of the resources. Mouth-to-mouth infor-
mation is used more in this type of shop floor and followed
by paper information; digital information is left behind. In
terms of VIF quantification, a shop floor can still be per-
formant or flexible if using paper information and Kanban
card on condition to paste the information on each board
relative to job post, thus the visual management. The future

research work that emerges from this paper is the deter-
mination of minimum production time of the job’s tasks
using the VIF to ameliorate the flexibility of the shop floor
and also to propose a model of inspection of the quality
inspection of the production operations at each step using
the VIF.

Appendix

See Table 2.

Table 2 Description of the CIF in the production or manufacturing environment (Mbakop, Biyeme, et al. (2021))

Sub characteristics of
information flow

Characteristics of
information flow

Description in the production or manufacturing domain

Type of information  Direct information

Information related directly to the process, namely information about raw material, process

transformation, customer order

Indirect information

Information that may stop the production chain, information which influence indirectly the

production. Machine breakdown or unavailable, personnel incompetent or absent or not
well trained, void information discussed in the shop floor, machines settings, tools settings

Dimension of
information

Documented or paper
information

Manufacturing order, document of raw materials, remodification of product order, costumer
order, work order, spare parts document, datasheet, history of breakdown document

Audio, vocal information Alarm for maintenance intervention, call, word to word information, recorded audio

information
Visual information

Images, pictogram, sign board, life information on the screen, Total productive management

information on board, production key performance indicator on board

Non-real-time electronic
information

Real-time electronic
information

Information sent through email, fax, that necessitate a printer, logic automated with cable

Automated machine, sharing information through Grace sequences, or programming
languages, or computer-aided manufacturing (CAM) and computer-aided design (CAD)

sending information through cable

Digital information

Direction of
information

Upward information

Downward information

Interconnected things that share information, absence of electronic cable, information is
shared wirelessly

The information that is sent by a personnel (a machine, computer) of a lower decision level to
a personnel (a machine, computer) of a higher decision level

The information that is sent by a personnel (a machine, computer) of a higher decision level

to a personnel (a machine, computer) of a lower decision level

Horizontal information

The information that is sent by a personnel (a machine, computer) of the same decision level

to another personnel (a machine, computer) of the same decision level

Diagonal information

The information that is sent between managers of different companies

The speed with an information is sent; it depends also from the support or medium of
information. From an operation 1 to an operation 2

The noise of the environment, the low connectivity, the incomplete information that can be

find in an information for the execution of an operation

The understandability of the information, referring to the language with what information is

flowing for a production operation to be executed

Parameters of Velocity
information
Viscosity
Complexity
Volatility

The loss of information when executing an operation or when moving from task 1 to task 2 in

a manufacturing process, the loss of data

Quality of information Transparency

understood
Accessibility

process
Timeliness
Granularity

The ease with which information that is passed from one task in a process to another can be
The availability, the reliability, the ease to use of information on an operation or a task

Just in time information for the realization of a task process or operation

Information passed from one task 1 in a process to another task 2 has to be detailed
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