Journal of Engg. Research Vol. 7 No. (2) June 2019 pp. 298-314

A new model for continuous evaluation of suppliers
with real execution data

Esra Kurt Tekez*, Fatih Kar and Merve Cengiz Toklu

Department of Industrial Engineering, Sakarya University, Sakarya, Turkey
*Corresponding Author: etekez@sakarya.edu.tr

ABSTRACT

Supplier evaluation is a significant work for a company in order to enhance productivity and profitability. When a
well-managed supplier evaluation is developed, this has a significant impact on the competitiveness of the entire supply
chain. By examining the literature, it was seen that a great deal of papers are related to evaluation during new supplier
selection process. However, there is a scarcity of studies that evaluate performance depending on the difficulty. The
purpose of this paper is to focus on performance evaluation of the suppliers that are being currently worked with. In
this context, Enterprise Resource Planning usage is investigated in order to collect and track real-time data for supplier
evaluation systems, especially examined small- to medium-sized enterprises. With this in mind, this study conducts
a questionnaire on the small- to medium-sized enterprises. Subsequently, by referring to the results of this study, a
new evaluation model with dynamic structure is developed utilizing Enterprise Resource Planning, which constantly
reviews suppliers at each delivery. Moreover, the developed model has been implemented in a medium-sized machine
manufacturing company, integrating it into the purchasing module of its Enterprise Resource Planning system. The
managers of the company have confirmed the proposed model and the manufacturing company is continuously
doing a systematic evaluation with this model, thus facilitating to attain the goals of supply chain management such
as reduction of inventory cost, increasing profit margin and customer satisfaction.
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INTRODUCTION

Supplier evaluation is a significant function for a company in order to enhance productivity and profitability.
When a well-managed supplier evaluation is developed, it has an important impact on the competitiveness of the entire
supply chain such as a sufficient production volume with good quality and reducing operational costs.

There are two distinct aspects in which supplier evaluation happens. Initially, evaluation is made during
the new supplier selection process. In this case, the aim of the evaluation process is to select the preferred ones
among candidate suppliers. Secondly, after selecting, supplier evaluation is made on a regular basis with the aim of
managing and improving the existing suppliers. Unlike the selection phase, the main point of evaluation is to assess
the performance of individual suppliers compared to the desired levels of performance (Osiro et al., 2014). The
systematic evaluation of existing suppliers considering the purchasing function is extremely important in terms of
continuity of the business relation. Although the studies of evaluation on the topic of supplier selection (Humphreys
et al., 2005; Chen et al., 2006; Hou and Su, 2006; Ho et al., 2010; Biiyiikdzkan and Cif¢i, 2011; Hald and Ellegaard,
2011; Zeydan et al.2011; Zolghadri et al., 2011; Liou et al., 2014; Wang and Li, 2014; Azadi et al., 2015; Mamavi
et al., 2015; Al-Ahmari et al., 2016) are well established within literatures, there are limited numbers of studies on
performance evaluation of suppliers that are currently being worked with. Because the supplier evaluation is a more
complicated process and requires much more effort, there are lots of purchased materials and suppliers in the process
and analysing these suppliers with real execution data can be difficult considering the number of factors.

In the literature, a few studies exist, which consider performance evaluation of suppliers that are currently
being worked with. For example, Wang (2010) evaluates suppliers through criteria such as supplier’s product quality,
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supplier’s delivery/order fulfilment capability, price/cost minimization performance, and supplier’s post sales service.
In this study, an expert committee with own knowledge and opinions determines the performance of suppliers on
different levels, but execution data is not collected and during the evaluation phase it is not taken into consideration.
Similarly, Kumar et al. (2013) propose a model for supplier evaluation; a questionnaire has been used to determine
the importance scores of evaluation factors and fuzzy rules were defined to assess on. However, the authors used only
the decision maker’s judgment that involved consistency in product quality, improvement in incoming components,
etc., whereas the realized numerical data should have been collected for the determination of performance. Osiro et
al. (2014) present a fuzzy logic approach for evaluation of suppliers for development purposes. This approach follows
a procedure for pattern classification based on decision rules that categorize supplier performance according to the
item category. But, it seems that the main purpose of this study is limited to the classification of individual suppliers.
Moreover, Hu et al. (2015) present a model in order to increase supplier quality performance by using questionnaire
for design of ANP and DEMATEL methods. Lima-Junior and Carpinetti (2016) integrate SCOR model and fuzzy
TOPSIS methodology that requires few judgments from the decision makers to parameterize supplier evaluation.
However, the authors in a manner alike to preceding studies disregard collecting execution data.

Furthermore, evaluating suppliers in long periods such as six months or a year can cause delay for the
manufacturer in terms of detecting whether the supplier is problematic or not. This situation yields waste of resources
and time that is caused by the suppliers’ problems being hidden in the long-time interval. Collecting data at different
long-time intervals is prone to information loss and may give rise to incorrect assessment results. For these reasons,
there is a strong need of continuous systematic evaluations of suppliers in the manufacturing environment. This paper
proposes a new model with a dynamic structure that constantly reviews suppliers and handles the calculating and
monitoring of performances during the receipt of each supplied item via Enterprise Resource Planning (ERP). Also,
this study differs from previous studies by focusing on performance evaluations of existing suppliers with collecting
realized data as to better fulfil the supply needs. Moreover, the real case study that contributes to the literature is
carried out in a medium-sized company. Up to now, usually hypothetical data is seen to be used in the literature. Also,
indicating this, Wetzstein et al. (2016) reviewed supplier selection methods from 1990 to 2015. They determined
that a great majority of the sampled literature are not validated in a real company environment. In addition, a supplier
evaluation survey was conducted on small to medium-sized enterprises (SMEs) and another important contribution of
this study is to show that the supplier evaluation can be implemented to SMEs.

This paper is organized into multiple parts. Initially, literature search synthesis is provided. Next, main findings
and results of research in SMEs are analysed. In the fourth section, the developed continuous supplier evaluation
model is expressed and then implementation of the proposed model is presented with a real case study in the fifth
section. Finally, conclusions are presented and suggestions for future researches are proposed.

LITERATURE REVIEW

This study focuses on performance evaluation of suppliers that are currently being worked with while
collecting realized data, particularly SMEs. In this context, the literature survey is examined in two phases. Firstly,
ERP usage for supplier evaluation systems is investigated. Next, literature especially related to SMEs is examined.

The Use of the ERP System for Supplier Evaluation System

ERP is an information system that combines all the company functions by using a common database. It is
characterized primarily by its capability for the services of material planning, order entry, accounting, and shop floor
control. Kelle and Akbulut (2005) remark that the capabilities of real-time tracking and the internal process integration
are important tools of ERP. However, Ge and Vof3 (2009) mention that the prospering implementation rate is still low
and many firms have not utilized the entirety of benefits that ERP systems yield. In addition, Wu (2011) states that
ERP implementations are complicated and pricey. Therefore, ERP systems’ capabilities for supplier performance
management and supply chain remain as a research issue.
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Ho (2007) investigates adopting a lot of sizing rules that can be used in an ERP based supply chain and based
on the discussion of experimental results, lead time uncertainty indicates impairment of the performance of ERP
based supply chain systems. Similarly, Maguire et al. (2010) examine the ERP system implementation process. They
highlight the specific problems of large firms that manage disparate legacy systems. Forslund and Jonsson (2010) focus
on ERP system lifecycle phases. They determined that a lot of supply chain performance management improvements
can be realized within the usage stage of an existing ERP system. The paper is explorative, and the different premises
on larger statements are required to be tested. Furthermore, Lin et al. (2011) suggest an ERP model for supplier
selection in electronic industry using multi-criteria methods. However, evidence of implementation showing that this
methodology is integrated into ERP software in this paper is not seen. In addition, authors do not consider the supplier
performance evaluation process; they are merely focused on the selection problem. Hwang and Min (2013) investigate
the role of ERP in the supply chain, developing a series of hypotheses and assessing key factors influencing the
ERP adoption. Similarly, Ince et al. (2013) examine the dimensions of supply chain management practices and ERP
systems. Their findings show that the dimensions have favourable influences on firm performances and competitive
advantages. Boza et al. (2014) focus on the requirements for new developments in ERP systems, aiming at identifying
the role that interoperability plays in the evolution of ERP systems. In this study, the authors discuss the initiatives in
the ERP field within interoperability frameworks in terms of technological and business perspectives.

It is obvious that ERP systems have an important role in supply chain management practices. However, up to
this date in the literature, relative evaluation methods taking advantage of ERP applications in supplier performance
have not been fully explored. Many of the previous studies have mostly considered the issues encountered during
implementation of ERP. This study evaluates existing suppliers continuously through ERP, considering its capability
of real-time monitoring.

Supply Management in SMEs

SMEs are crucial in today’s business environment as they are a trigger of innovation and an important input
for a country’s development. However, small and medium sized companies have restricted resources than larger ones,
and therefore, the management of procurement processes can be more complex.

Mudambi et al. (2004) investigate cooperative purchasing practices in SMEs and classified them as follows:
(1) firms with long-term management policy, (2) close-but-adversarial type firms, and (3) firms without a formal
purchasing strategy. This study helps the reader have a better understanding of how compatible supplier connections
are implemented in SMEs. Likewise, Morrissey and Pittaway (2006) analyse the purchasing relationships from the
viewpoint of SMEs. They determined the significant role of social factors in the management of suppliers. Considering
the adequateness of supplier, Redondo and Fierro (2007) studied the supplier relationships. Their findings show that
the termination of a relationship between a firm and its supplier proves the need of a re-evaluation of the supplier.
Pressey et al. (2009) investigate SME purchasing practices such as strategic activity, evaluation system,s and supplier
capabilities through a survey. They determined that many firms have not been the subject of systematic supplier
evaluations.

Jurova and Sutormina (2010) divide the evaluation process into two parts such as for new suppliers and for
existing suppliers for small and medium-sized companies. For existing suppliers, they determined evaluation criteria
and evaluated a middle value for different suppliers such as manufacturing, services, and markets. However, there
is no methodology of calculation for the evaluation of suppliers in their study. For decision making in evaluation
for supplier selection, Zhang et al. (2012) propose a hybrid methodology combining the multi-criteria method and
activity-based costing. The proposed hybrid model was applied to a small-sized firm in the electronic manufacturing
industry to show its feasibility. In their study, the conceptual framework of the hybrid decision model is established
but further work is needed to enhance practical implementations.

As the literature reveals, there is little research on SMEs and the current studies are focused on supplier
selection rather than evaluation. This paper attempts to consider the supplier performance evaluation from the
perspective of SMEs.
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A SURVEY ON SUPPLIER EVALUATION AND PROBLEM ANALYSIS IN SMEs

Based on a literature survey, the key issues were identified. The first one, assessing suppliers in the supplier
selection process, has been widened, but there is a scarcity of studies on supplier evaluation depending on the difficulty.
Secondly, there is a lack of use of ERP to evaluate suppliers in the industry. In addition, there is a paucity of research
on SMEs. In light of these, it is seen that the studies mostly focus on supplier selection activities for especially large
firms. Similarly, Ellegaard (2006) states that existing literature on SMEs in general pays little attention to supplier
performance management. Moreover, the general belief of most of the studies is that supplier development is thought
to be of little importance due to many SMEs’ limited resources (Pressey et al., 2009; Quayle, 2000; Williams, 2006).
To complete these shortcomings, this study contributes to the literature, investigating whether the SMEs in Turkey
have been the subject of supplier evaluation activities. This research conducts a questionnaire out of 106 respondents
to determine the extent of supplier evaluations and ERP usage in SMEs. Statistical analysis of the survey results was
made by SPSS software. Table 1 displays the survey results. According to the results, most respondents, excluding 29.2
percent of them, choose not to be decisive to evaluate their suppliers. Regarding this, 61.3 percent of the respondents
evaluate their suppliers but 88 percent of them evaluate once a year. Moreover, 50 percent of respondents, in other
words, 82 percent of which evaluate their suppliers, attain the related results according to declarations of their suppliers.
Expressly, they conduct a questionnaire to their suppliers to evaluate them. Namely, only 11.3 percent of companies
evaluate their suppliers realistically; however, this evaluation is under the initiative of their relevant staff since there
is no data in the execution records. Also, whether these companies use historical data about former behaviour of
suppliers was researched. It is seen that only 1.88 percent of respondents, which evaluate their suppliers, use past data
directly when evaluating them. Moreover, none of the respondents use ERP while evaluating their suppliers.

Table 1. Frequency distribution of research data.

Frequency  Percent

Exactly 31 29.2
Do you think supplier evaluation is Just an obligation of quality sys. 29 27.4
necessary? Loss of time 12 11.3
May be useful 34 32.1
) No 41 38.7
Do you evaluate your suppliers?
Yes 65 61.3
Once a month 2 1.9
iowlf:g{;lently you evaluate Once a year 57 538
pp ’ Twice a year 6 5.7
by a survey among suppliers 53 50.0
. by asking their relevant staff 12 11.3
?
How do you evaluate suppliers? using past data ’ 188
by using an ERP system 0 0

Table 2 investigates if a relationship between ERP and supplier evaluation exists. The percentage of companies
that have the ERP system is 39.6 percent. There is no ERP system in 92.7 percent of companies that do not evaluate
suppliers; in addition, the ERP system is available in 60 percent of the companies that evaluate their suppliers although
they do not use ERP while evaluating suppliers.
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Table 2. Examination of cross-tabulation for the presence of ERP system and supplier evaluation.

Is there any ERP system

Total
No Yes
% within Do _you_evaluate your suppliers 92.7% (38) 73%(3)  100.0% (41)
(count) ’ ' ’
= NO o/ within Is_there_any ERP_system 59.40% 7.10% 38,70%
E é % of Total 35.80% 2.80% 38,70%
=
z 2] . . .
3 Sl % within Do _you evaluate your suppliers 40.0% (26) 60.0% (39)  100.0% (65)
o e (count)
@)
YeS o/ within Is_there any ERP_system 40.60% 92.90% 61,30%
% of Total 24.50% 36.80% 61,30%
Count 64 42 106
E % within Do_you_evaluate_your suppliers 60,40% 39.60% 100.00%
o
&= % within Is_there any ERP system 100,00% 100.00% 100.00%
% of Total 60,40% 39.60% 100.00%

In this study, the impact of using ERP on the supplier evaluation is tested by using chi-square test of
independence method. H, and H, hypotheses are established as follows and Table 3 shows that the p-value, denoted by
“Asymp.Sig. (2-tailed)”, is .000. It means that if p-value is less than the chosen significance level (0.05) then the null
hypothesis (H,) is rejected.

H,= Using ERP does not have an influence on the supplier evaluation.

H,= Using ERP has an influence on the supplier evaluation.

Table 3. Chi-Square Tests.

W ar Agmse Bask bask
Pearson Chi-Square 29 .168(b) 1 .000
Continuity Correction(a) 27 .008 .000
Likelihood Ratio 33.392 .000
Fisher>s Exact Test .000 .000
N of Valid Cases 106

a Computed only for a 2x2 table.
b 0 cells (.0%) have expected count less than 5. The minimum expected count is 16.25.

As a result, it is seen that using ERP influences supplier evaluation. Likewise, companies using the ERP
system can evaluate their suppliers easier because required data from the database of ERP system can be retrieved and
used comfortably during evaluation. With this aim, in this study a model is developed taking advantage of ERP in a
manner that can be implemented at SMEs.
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THE PROPOSED MODEL WITH DYNAMIC STRUCTURE

This paper presents a dynamic model that makes assessment in each delivery that updates the evaluation score
continuously depending on the entry of goods. This offers the possibility to be able to attain the current information at
any time. The proposed model named “continuous supplier evaluation model” includes the structures of performance
calculation and monitoring. Figure 1 illustrates the continuous performance calculations that comprise the three
phases including item-based, waybill-based, and supplier-based evaluations, respectively. The structure starts with
the registration of the supplied item to ERP, through the relative phases, and ends with the acquisition of the current
performance of the supplier. For all phases, scores over the four fundamental aspects as quality, financial, delivery, and
total are derived.

Note that the developed supplier evaluation application is under the purchasing module of ERP. For this,
primarily, supplier registration is required to the database, so the supplier card is created consisting mainly of the
company name, contact information, and location. Moreover, the performance scores of some evaluation factors such
as quality system, lead time, and communication are registered on the supplier card.

Continuous Supplier Evaluation Model

Performance
Graphics &
Reports

Continuous
Performance
Calculation

Continuous
Performance
Monitoring

—item Entryjim

Supplier
Performance’

Fig. 1. The structure of continuous performance calculation.

Item-based evaluation contains a calculation with different criteria weights according to the supplier type
such as dealer or manufacturer as seen in Figure 2. After suppliers’ types are determined according to the supplier
code, the questions of waybill no, stock code, and current packaging status are asked to the user. Then, using this
information, the dataset includes due date, delivery date, requested quantity, and delivered quantity, and data are
pulled from the database of ERP. Note that pre-setting of waybill is looked for before asking questions about waybill
conformity because the question of waybill conformity is asked only for the first item in the waybill and this answer is
used for the other items for same waybill. This way, at the item-based phase, each item in each waybill is evaluated one
by one and four item scores as quality, financial, delivery, and total are derived. Note that item scores are calculated
using evaluation scores of items and the criteria weights (seen Table 4). Definitions of the criteria are explained in
detail in the implementation section.
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v

Q6: Did the supplier
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Fig. 2. Flowchart of item-based evaluation.

In the second phase, waybill-based scores, which are derived from item-based evaluation scores and each line
in the waybill, are weighted by their costs. By weighting with the costs in the equation, the waybills with higher costs
are made more effective in terms of score. The waybill-based scores are calculated as Equation (1) given below.

_ XY Item Based Quality Score; X Cost;

Waybill based score for quality criterion = WS, = S Cost
i

Waybill based score for delivery criterion = WS, =

Y. Item Based Delivery Score; X Cost;

Y. Cost;

Y. Item Based Financial Score; X Cost;

Waybill based score for financial criterion = WSp =

Y. Cost;

where i is item number, score; is the item-based score, and cost;is the cost for waybill row.

The waybill-based scores are the core of the calculation of supplier evaluation scores. The Waybill Score (S) is the

general total of the item based scores as shown in Equation (2).

Waybill Score (S) = WS, + WS, + WSk

In the third phase, supplier evaluation score at any time is calculated by using the waybill scores. Supplier
performance score is the cumulative of all waybills of the supplier. The user could check the scores for a supplier
at any time in the past. For this, the user has to enter the supplier code and the date they want to check the supplier
score. Once the user enters the date, the system checks all the waybills from that supplier up to that entered date and

calculates the supplier score by using Equation (3).




Esra Kurt Tekez, Fatih Kar and Merve Cengiz Toklu 305

[E(W, xS, X Cp) + Z(W, X S, X C) + -+ Z(W, X S X )]
[E(W, X Cp) + ZW; X ) + -+ + (W, X )]

Supplier Score =

(€)

where p, r, n are time interval, and the parameters of 7, S, C indicate:

W = Weight for time interval of the waybill. While calculating supplier score, suppliers’ past term scores are taking
into account considering the weights for time values.

S= Waybill Score for related time interval derived from Equation (2).
C= Waybill Cost for related time interval.

The developed model also offers the possibility to monitor the supplier’s performance. Namely, it initially
calculates the supplier performance for any supplier at any time, and the supplier behaviour can be monitored. Figure 3
illustrates the characteristics of performance monitoring. Supplier could be in an improvement or deterioration trend.

Continuous Supplier Evaluation Model

Performance
Graphics &

Continuous

Continuaus Reparts
—ltern Enirym Performance Performance
Calculation Supplier itori J
L Soener) Manitoring m

Total @
Score Score
Delivery
Score

Visipility of
havior of supph®

Fig. 3. The characteristics of the structure of continuous performance monitoring.

With the feature of traceability, the manufacturer can take proactive actions and prevent probable problems
caused by the supplier. This helps the manufacturer and the supplier save time while reducing costs.

As seen in Figure 3, the proposed system also allows traceability of purchasing department as well as
supplier performance. The major goal of the purchasing department is to make the suppliers perform better, have
better delivery times, and deliver high quality material with appropriate financial situations. So, concisely it could be
said that the purchasing department is as successful as the suppliers, and the supplier scores are performance criteria
for the purchasing department. With this aim, a single score is calculated as if all suppliers were a single company in
this model for the performance of purchasing department.
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Another characteristic of the proposed model is tailoring approach considering the particular requirements; hence a
company can establish their evaluation systems. For example, in case that a company wants to avoid very old records,
the time interval should be changed into a shorter time period using zero weights before a certain date. Besides, the
company can make all waybills in the past have the same effect by setting these weights equal. In other words, it is
up to the company to decide the interval weights according to their conditions. This system also permits using past
data on the historical performance of suppliers and determines if the supplier falls below a minimum rating based
on the predefined criteria. If traditional methods were used, only the current situation of the supplier would be seen.
Moreover, if the supplier is under the lower limit at the time of evaluation, they could directly be eliminated without
evaluating its previous dispatches. Furthermore, suppliers may know when they are going to be evaluated and be more
cautious during the evaluation period if they are evaluated periodically. In such a case it is difficult to evaluate the
supplier fairly. The developed system provides an opportunity of monitoring the whole behaviour of the supplier from
the date on which it was started to work with the supplier to desired date.

IMPLEMENTATION OF THE PROPOSED MODEL

The real case study is carried out in a middle-sized enterprise. The company is one of the leading band saw machine
manufacturers in Turkey and has a wide market including North America, Europe, Middle East, and domestic market.

Description of the Case

The company where the case study was carried out has 133 active suppliers and the cost of components bought by
the company per product from suppliers approximately makes up of 60% of total production cost. So, it is very crucial
for the company to handle purchasing activities properly.

Purchasing orders issued to suppliers contain the information of delivery time and the delivery amount of related
parts. According to this, all the parts are controlled in terms of quantity and time as well as quality, when they
are delivered by the supplier. In the company, before entering to the stocks, each part must be accepted by quality
controllers. If they fail to pass from an incoming inspection they are marked as defective or rejected.

Continuous Supplier Evaluation at Each Delivery via ERP

The developed model makes it possible to determine the appropriate score in the calculation of performance by
analysing the company’s needs. In this case, the suppliers are evaluated out of 100 score, determining the proper
values to the related criteria according to expert opinions.

The proposed model evaluates the suppliers according to three main criteria including quality, financial, and
delivery affecting the supplier performance. Moreover, there are sub-criteria that are used to determine performances
on each main criterion as seen in Figure 4.

Supplier Performance |

v v v

| Quality Performance | Financial Performance | | Delivery Performance

Quality system Price | On time delivery
Quality reports Payment conditions | Delivered quantity
Defective ratio Lead-time

Packaging

Waybill

Communication

Fig. 4. Supplier evaluation criteria.
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The case company primarily assesses the suppliers according to their types. There are three supplier types:
manufacturers that have manufacturing process, dealers that keep the parts for the company and procure them, and
hybrid companies that have both manufacturing process and sell goods. Evaluation criteria weights according to the
supplier type are determined based on expert opinions in the case company and are given in Table 4. The weights of
evaluation criteria could be changed according to their importance for the company. Also new supplier types with
different evaluation weights can be derived.

Table 4. Weights of the evaluation criteria according to the supplier type.

Evaluation Criteria Weights for Supplier Type
Main Criteria Sub-criteria Manufacturer Dealer Hybrid
Quality System 7 10 5
Quality Performance Quality Reports 8 - 10
Defective Ratio 20 10 20
) . Price 20 25 20
Financial Performance
Payment Terms 5 5 5
On-time Delivery 18 23 18
Delivered Quantity 7 8 7
. Lead Time 4 5 4
Delivery Performance -
Packaging 4 6 4
Waybill 4 5 4
Communication 3 3 3
Total 100 100 100

As mentioned before, three main criteria together with sub-criteria are determined to evaluate the suppliers. For
instance, “quality performance” main criterion is examined by three sub-criteria namely; quality system, quality
reports, and defective ratio. Quality System indicates its existence and effectiveness. Quality system documents are
requested from each supplier and quality system score is determined according to this. Note that a supplier card is
defined in the database in which information about the supplier exists for each supplier. Also, quality system score is
located in the supplier cards. Quality Reports indicate whether or not the supplier provided related quality documents
together with the parts at the delivery. The activity of this sub-criterion is carried out in each delivery.

Defective Ratio stands for the defective part percentage in the relevant lot. It depends on both initial inspection and
defects detected during the production process. Table 5 shows the probable choices for the defective ratio and their
related scores determined by expert opinions.

Table 5. The elaborated rates of defective ratio.

Defective Ratio Score Defective Ratio Score Defective Ratio Score
% 0-0.5 100 % 2-3 60 %6-10 20
% 0.5-1 85 % 3-4 50 %10-20 10
% 1-2 70 %4-6 30 >%20 0

There is no doubt, financial parameters are very important for supplier evaluation. Financial evaluation is based
on two sub-criteria, namely, price and payment conditions. Price sub-criterion is for making a comparison between
the prices of the relevant supplier and the other suppliers defined in the database. If the supplier is unique, there is not
any other supplier for the part; it takes 80 points. If the price is lower than the lowest price in the system, it takes 100
points. If the price is higher than the lowest price in the system, Equation (4) is applied to calculate the score.
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PS = (1— (SWP — LP)/LP) x 100 4)

where PS is price score for non-negative values, SWP is supplier waybill price, and LP is the lowest price.

Payment Conditions are also an important criterion while evaluating a supplier. Companies prefer long payment
terms. Therefore, the scores for different payment conditions are defined in the database according to the company’s
needs.

Delivery performance is the third main criterion in the proposed methodology and is considered as six sub-criteria
as follows:

- On time delivery sub-criterion indicates the delivery of parts exactly on time. Both early and late deliveries are
avoided. If a delivery is on time, the supplier gets full points. If the delivery is late, some points are deducted
from the on-time delivery points and on time delivery performance (ODP) is calculated according to Equation
(5) below. If the delivery is early, fewer points are deducted from the ODP according to Equation (6) below.

(100 x (delivery date — requested date))
Lead time

ODP = 100 — (%)

(50 x (requested date — delivery date))
Lead time

ODP = 100 —

(6)

In both cases, on-time delivery performance score should not be lower than zero.

- Delivered Quantity sub-criterion indicates the delivery of parts with the exact quantity ordered. Both excessive
and incomplete deliveries are avoided. If a delivery is of exactly ordered quantity, the supplier gets full points. If
the delivery is incomplete, some points are deducted from the requested quantity points and delivered quantity
performance (DQP) is calculated according to Equation (7) below. If the delivered amount is excessive, fewer
points are deducted from the DQP score according to Equation (8) below. Note that, in both cases, ordered
quantity performance score should not be lower than zero.

(100 X (requested quantity — delivered quantity))

DQP = 100 — -
requested quantity

(7

(50 X (delivered quantity — requested quantity))

DQP =100 — (3)

requested quantity

- Lead-time sub-criterion indicates the evaluation of conformity of the lead times offered by the supplier. It is
also located on the supplier cards and this score is acquired depending on the type of the piece procured. For
example, one week is a long lead-time for some parts that do not have a manufacturing process, whereas it is
very short for the parts that have a manufacturing process. Note that every supplier has a supplier card in the
database in which information about its company exists.

- Packaging sub-criterion indicates shipping with proper packaging and the packaging score is determined
according to Table 6.

- Wapybill sub-criterion indicates the preparation of the appropriate waybill together with the related stock codes
for the parts. The waybill status is evaluated whether it is appropriate, adequate, or not appropriate (scored as
100, 50, and 0, respectively). The waybill score does not alter from item to item in the same waybill.

- Communication sub-criterion indicates the evaluation of how well the communication with the supplier is. The
communication score is determined according to answers given in Table 6.
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Table 6. The elaborated sub-criteria and related scores.

309

Packaging Communication
Conditions | Score Conditions Score
Perfect 100 V.er.y good. We can easﬂy get in contact with the responsible, they frequently 100
visit us, and they can easily understand our concerns.
Good. We can easily get in contact with the responsible, but they do not
Good 75 .. . 75
frequently visit us, they can easily understand our concerns.
It’s OK. We can get in contact with the responsible by phone, but they do not
Adequate 50 frequently visit us. Also sometimes we have problems about explaining our 50
concerns.
Problematic. Usually we cannot get in contact with the responsible. We have
Bad 25 o 25
problems about explaining our concerns.
P . . ;
Very Bad 0 Z/Szeﬁj It is impossible to find a responsible. They don’t even care about our 0

In order to calculate the supplier performance, the weights as shown in Figure 5 (representing number 1) are
used in this case to make newer waybills more effective on the score. The weights 120, 60, 30, 10, and 2 are used
considering for time intervals, respectively, in the last one month, two to three months, four to six months, seven to
twelve months, and older than a year. While evaluating suppliers, a reference date that is desired to check the supplier
score from the supplier performance screen shown with number 2 is determined.

Supplier List H Supplier Search HSuppIier SituationH Supplier Evaluation Weights ‘|| Supplier Performance ||
| Time Interval [Weight | ~
4 1 1 120
2 3 60 Date | 04082017 WV
4 6 30 1 || catcutate Num 0 =
7 12 10
13 93 2 List
v
O X
Supplier Supplier Total | Quality Delivery Financial |
Code Name Score  |[Score Score Score
pEEZETTTI DURM: 863 929 895 72
|_|32035018 ENDOI 86,2 30 302 771
|_[32034 613 GENEL 852 98.5 765 80,8
|_|320 34617 LSEEL 848 771 97 76
|_[32034101 RULM2 8438 80 825 952
|_|32054 303 ETAEL 843 771 88.1 884
L 32034631 MITSUI 843 100 738 ans
|_|32034005 AYHAN 842 83.9 86.9 80.1
|| 32016016 AYPER 84 94.7 778 87.1
32090010 SITISF 839 95.5 862 £42
qure _ Score Score Score 4
[0 694 30,4 66.2 65,2

Fig. 5. The screen of performance calculation for supplier evaluation in ERP.

For example, the system checks all the waybills up to the entered date of 4 August 2017 as seen in Figure 5. Then,
using Equation (3) given in section 4, the system calculates the supplier scores, which are also shown in the same
screen with number 3. So, the scores of total, quality, delivery, and finance are obtained separately as the cumulative
performance since the date was started to be worked with the supplier. Lastly, the evaluation score for the purchasing
department could be seen with number 4 in Figure 5.
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To trace the behaviour of supplier, once the user selects a supplier and desired time interval in the supplier situation
screen, the supplier scores in the selected period are calculated and the related monthly graph is created as seen in
Figure 6.

Delivery Quality Financial

Situation ituation ||S
Performance Monitoring
100
o | :
=== Total Score
0 = Delivery
gs - Q.uahty.
—= Financial
80
7 A e e B A B Ry i’ .........................................................
70,8
3 €9,1 .
32 . 63,1
&2 — ] . =
es * T e e e oy
60 ; !
33 f
= ’ e
§ & 4 - 5 5
el = ~ = = -
= & = 2 = <

Fig. 6. A sample graphic of performance monitoring for a supplier in ERP.

The thick curve in the graph indicates the total score of the supplier where other curves indicate delivery, quality,
and financial scores. The advantage of this system is its ability to display all sub-scores for the supplier. So, the
decision maker is able to see the drawbacks of the supplier more clearly. Also, benefiting from the suppliers monitoring
structure, at the beginning of every month, the purchasing department of the case company prepares the reports
indicating the score of related month for each supplier and sends them a warning if there is a drop in the scores.

CONCLUSIONS

Supplier evaluation is one of the important components in the effective management of the supply chain. Especially
in SMEs, the evaluation of suppliers and long-term cooperation with the right suppliers have a strategic significance
due to their limited resources. This paper proposes a continuous supplier evaluation model showing that it can be
implemented in SMEs. The implications or benefits of the proposed model are described below.

e This research conducts a questionnaire to determine the extent of supplier evaluations and ERP usage in
SME:s. The findings demonstrated that using ERP influences supplier evaluation. This result encouraged the
development of a model taking advantage of ERP in a manner that can be implemented at SMEs in this study.

e This study differs from previous studies by focusing on performance evaluations of suppliers that are currently
being worked with, while collecting realized data during the receipt of each supplied item via ERP. Based on a
literature survey, assessing suppliers in the supplier selection process has been widened, but there is a scarcity
of studies on supplier performance evaluation depending on the difficulty. Moreover, they would ignore taking
execution data and use only decision makers’ opinions, but these include subjective judgments. In this regard,
this study contributes to the literature in order to complete these shortcomings.
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e An important novelty of this model is that suppliers can be continuously evaluated from the date was started to
be worked with them to desired date. This model can calculate the supplier score at each delivery that updates
the evaluation score continually depending on the entry of goods. This offers the possibility to be able to attain
the current information at any time. This enables the managers to realize the problems as early as possible and
to make supplier development action plans, providing the opportunity to constantly review suppliers.

e Another contribution of the proposed model is tailoring approach considering the particular requirements;
hence a company can establish their evaluation systems. For example, in case a company wants to avoid very
old records, the time interval should be changed into a shorter time period using zero weights before a certain
date. Besides, the company can make all waybills in the past have the same effect by setting these weights equal
In other words, it is up to the company to decide the weights for time interval according to their conditions.

e The developed system provides an opportunity of monitoring the whole behaviour of the supplier over the four
different performance scores including quality, finance, delivery, and total. Moreover, it helps to follow the
trend of the supplier; thus, it allows managers to take precautions about matters that may be troubled.

e This study also considers the calculation of evaluation score for the purchasing department. A single score
is calculated as if all suppliers were a single company in this model for the performance of purchasing
department.

e The proposed model is implemented to prove the validity in a middle-sized band saw machine company. All
of the above calculations have been successfully embedded in the ERP system. Figures 5 and 6 are screenshots
of the ERP system.

There may be some improvements on the proposed model in the future studies. This model already has a user
warning system. Some additional warning conditions may be added. It could warn the purchasing supplier also if:

- The supplier has consecutive unsuccessful deliveries,

- The supplier score is decreasing for some months or deliveries,

- The supplier score is increasing for some months or deliveries,

- One or more of quality, delivery, or financial scores is below a certain level.

Another study for future work would be a dynamic part evaluation for supplied items that permit the decision
maker to analyse critical items and identify strategic items. Also, alternative suppliers during the selection of the main
supplier for specific parts can be compared.

REFERENCES

Al-Ahmari, A.M., Ur-Rehman, A. & Ali, S., 2016. Decision support system for the selection of advanced manufacturing
technologies. Journal of Engineering Research, 4(4): 130-150.

Azadi, M., Jafarian, M., Farzipoor Saen, R. & Mirhedayatian, S.M., 2015. A new fuzzy DEA model for evaluation of
efficiency and effectiveness of suppliers in sustainable supply chain management context. Computers & Operations
Research, 54: 274-285.

Boza, A., Cuenca, L., Poler, R. & Michaelides, Z., 2014. The interoperability force in the ERP field. Enterprise Information
Systems, 9(3): 257-278.

Biiyiikozkan, G. & Cifci, G., 2011. A novel fuzzy multi-criteria decision framework for sustainable supplier selection with
incomplete information. Computers in Industry, 62(2): 164—174.

Chen, C.-T., Lin, C.-T. & Huang, S.-F., 2006. A fuzzy approach for supplier evaluation and selection in supply chain management.
International Journal of Production Economics, 102(2): 289-301.

Ellegaard, C., 2006. Small company purchasing: A research agenda. Journal of Purchasing and Supply Management, 12(5):
272-283.



312 A new model for continuous evaluation of suppliers with real execution data

Forslund, H. & Jonsson, P., 2010. Selection, implementation and use of ERP systems for supply chain performance management.
Industrial Management & Data Systems, 110(8): 1159—-1175.

Ge, L. & Vof, S., 2009. ERP application in China: An overview. International Journal of Production Economics, 122(1):501-507.

Hald, K.S. & Ellegaard, C., 2011. Supplier evaluation processes: the shaping and reshaping of supplier performance. International
Journal of Operations & Production Management, 31(8): 888-910.

Ho, C.-J., 2007. Measuring system performance of an ERP-based supply chain. International Journal of Production Research,
45(6):1255-12717.

Ho, W., Xu, X. & Dey, P.K., 2010. Multi-criteria decision making approaches for supplier evaluation and selection: A literature
review. European Journal of Operational Research, 202(1): 16-24.

Hou, J. & Su, D., 2006. Integration of Web Services technology with business models within the total product design process for
supplier selection. Computers in Industry, 57(8-9): 797-808.

Hu, H.Y., Chiu, S.-1., Yen, T.-M. & Cheng, C.-C., 2015. Assessment of supplier quality performance of computer manufacturing
industry by using ANP and DEMATEL. The TQM Journal, 27(1):122-134.

Humphreys, P., Huang, G. & Cadden, T., 2005. A web-based supplier evaluation tool for the product development process.
Industrial Management & Data Systems, 105(2): 147-163.

Hwang, W. & Min, H., 2013. Assessing the impact of ERP on supplier performance. Industrial Management & Data Systems,
113(7): 1025-1047.

Ince, H., Imamoglu, S.Z., Keskin, H., Akgun, A. & Efe, M.N., 2013. The impact of ERP systems and supply chain management
practices on firm performance: Case of Turkish companies. Procedia - Social and Behavioral Sciences, 99: 1124-1133.

Jurova, M. & Sutormina, E., 2010. Modern methods of evaluation existing suppliers and suppliers selected by customer for small
and medium-sized companies. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 58(6): 199-208.

Kelle, P. & Akbulut, A., 2005. The role of ERP tools in supply chain information sharing, cooperation, and cost optimization.
International Journal of Production Economics, 93-94: 41-52.

Kumar, D., Singh, J. & Singh, O.P., 2013. A fuzzy logic based decision support system for evaluation of suppliers in supply chain
management practices. Mathematical and Computer Modelling, 58(11-12): 1679-1695.

Lima-Junior, F.R. & Carpinetti, L.C.R., 2016. Combining SCOR model and fuzzy TOPSIS for supplier evaluation and
management. International Journal of Production Economics, 174:128—-141.

Lin, C.-T., Chen, C.-B. & Ting, Y.-C., 2011. An ERP model for supplier selection in electronics industry. Expert Systems with
Applications, 38(3): 1760-1765.

Liou, J.J.H., Chuang, Y.-C. & Tzeng, G.-H., 2014. A fuzzy integral-based model for supplier evaluation and improvement.
Information Sciences, 266:199-217.

Maguire, S., Ojiako, U. & Said, A., 2010. ERP implementation in Omantel: A case study. Industrial Management & Data Systems,
110(1): 78-92.

Mamavi, O., Nagati, H., Pache, G. & Wehrle, F.T., 2015. How does performance history impact supplier selection in public
sector?. Industrial Management & Data Systems, 115 (1): 107-128.

Morrissey, W.J. & Pittaway, L., 2006. Buyer-supplier relationships in small firms: The use of social factors to manage relationships.
International Small Business Journal, 24(3): 272-298.

Mudambi, R., Schriinder, C.P. & Mongar, A., 2004. How co-operative is co-operative purchasing in smaller firms?. Long Range
Planning, 37(1): 85-102.

Osiro, L., Lima-Junior, F.R. & Carpinetti, L.C.R., 2014. A fuzzy logic approach to supplier evaluation for development.
International Journal of Production Economics, 153: 95-112.

Pressey, A.D., Winklhofer, HM. & Tzokas, N.X., 2009. Purchasing practices in small-to medium-sized enterprises: An
examination of strategic purchasing adoption, supplier evaluation and supplier capabilities. Journal of Purchasing and Supply
Management, 15(4): 214-226.



Esra Kurt Tekez, Fatih Kar and Merve Cengiz Toklu 313

Quayle, M., 2000. Supplier development for UK small and medium-sized enterprises. Journal of Applied Management Studies,
9(1): 117-133.

Redondo, Y.P. & Fierro, J.J.C., 2007. Assessment and reassessment of supply relationships: A case study in the Spanish wine
industry. International Journal of Entrepreneurial Behaviour & Research, 13(2): 82-106.

Wang, M. & Li, Y., 2014. Supplier evaluation based on Nash bargaining game model. Expert Systems with Applications, 41(9):
4181-4185.

Wang, W.-P., 2010. A fuzzy linguistic computing approach to supplier evaluation. Applied Mathematical Modelling, 34(10): 3130—
3141.

Wetzstein, A., Hartmann, E., Benton, W.C., Hohenstein, N.-O. & Benton Jr, W.C., 2016. A systematic assessment of supplier
selection literature — state-of-the-art and future scope. International Journal of Production Economics, 182: 304—323.

Williams, S.J., 2011. Managing and developing suppliers: can SCM be adopted by SMEs?. International Journal of Production
Research, 44(18-19): 3831-3846.

Wu, W.-W,, 2011. Segmenting and mining the ERP users’ perceived benefits using the rough set approach. Expert Systems with
Applications, 38(6):6940—6948.

Zeydan, M., Colpan, C. & Cobanoglu, C., 2011. A combined methodology for supplier selection and performance evaluation.
Expert Systems with Applications, 38(3): 2741-2751.

Zhang, X., Lee, CK.M. & Chen, S., 2012. Supplier evaluation and selection: A hybrid model based on DEAHP and ABC.
International Journal of Production Research, 50(7): 1877—-1889.

Zolghadri, M., Eckert, C., Zouggar, S. & Girard, P., 2011. Power-based supplier selection in product development projects.
Computers in Industry, 62(5): 487-500.

Submitted: 15/11/2017
Revised:  21/06/2018
Accepted: 03/10/2018



314 A new model for continuous evaluation of suppliers with real execution data

QUW&B—‘M‘@@:le‘QAM‘M’J‘&T&AQ.\.?ES}&

JS 5 iz 5 JS gl (S5 )5S | el
LS 5 Sl Sl malr cplinall Luntigll

LML

B A 058 e IS 605 o2 G015 sl s 5 1 Lok e Jy T 5 G ol 0 25,200 Gl S 5501 s i
ilas o112l Jas 5 Slou V1 e 2801 OF a3 b 65 5l Jee V1l IV e LhaSTy ) sl Add Bl 6l e oS
5l e o 55 01 g3 Lol i 1 3 31 0] smeall o o3V 0 1 a1 5 555 a2l s gl 0511 Sl
gs?zya;tgguw@:)@?&iyw;&\;,@Wﬂmmt,wz@w\m@.Lsurwuw@@mw)}u
e 35k s o5 Ayl e s ] e Jbs (B3 sy o Ao g5 8 el Sl 31 e Lol s (3 bl o Ll
oo Ao o3 o e 550 e Llas IS Sl maly s sl el (Gl A 5155l 50 Jadasss plusennly (Soals IS A
T35l 3 20l 5 e aSTs Ll 3l 5l g Jadass plasd ol 201 G 5 b e o5 o ookl Ao st DLW s 3 2 S bl
03 AU LSS [aniss oo oy sl Al 5,15) Slaal GaE Jed 12 (5 s0idl Mgy g o el b ) jotnly naV 38 5 p 555 - 2l

.;M|u,;@)\u:ﬁus>gj



Copyright of Journal of Engineering Research (2307-1877) is the property of Kuwait
University, Academic Publication Council and its content may not be copied or emailed to
multiple sites or posted to alistserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.



