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replacement parts in the search for greater 
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Abstract: This study aims to demonstrate, through a case study, a practical 
approach to using the value stream mapping (VSM) in support of promotion of 
lean thinking practices, which were employed in the warehouse of spare parts 
and accessories in a multinational automaker to control their stocks and 
improve internal processes, thereby reducing their costs and increasing their 
market competitiveness. The results achieved not only exceeded financial 
expectations but also changed part of the warehouse culture, where the VSM 
was conducted in an integrated way to the traditional materials management 
approach previously applied, the work was focused on reducing waste, 
variations and overloads that are the main focus in programs of excellence in 
companies in the quest for continuous improvement. 

Keywords: value stream mapping; VSM; warehouse; automotive; after-sales; 
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1 Introduction 

The Brazilian automotive industry has been experiencing an uninterrupted growth rate of 
more than 10% annually over the last nine years, where it reached in 2011 relative to 
2002 a growth of 145% (Associação Nacional Dos Fabricantes de Veículos Automotores, 
2012). However, despite the large growth in terms of market the number of competitors 
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in this segment increased exponentially, mainly from Asian countries such as South 
Korea and China. In the context of a growing and very competitive market automotive 
industries must strengthen their global strategies with products and services suited to 
after-sales force of its brands, creating a possibility of applying standards of improvement 
in work processes of a spare parts warehouse in order to lower investment on stocks 
(inventory) and operating costs while maintaining a satisfactory level of parts availability 
(fill rate) to their dealer networks. 

To solve these problems, the automotive company in question decided to use the 
knowledge accrued over more than ten years within the manufacturing environment in 
lean manufacturing, applying some of the knowledge acquired in after-sales services for 
the purpose of a complete restructuring in the warehouse that serves as a source of parts 
and accessories for the group brands. 

This case study will detail the input materials (inbound) process change and the 
management of inventories under the optics of the changes made in the context of 
applying the lean manufacturing tools in the mapped processes. The work began with a 
series of previous approaches to mapping of the materials and information flows for 
definitions of the process to be followed and was continued with the monitoring of the 
action plan for one year, where the work done and results achieved will be explained in 
detail in the following chapters. 

2 Theoretical reference: lean concepts and materials management classical 
theory 

The Lean Manufacturing principles gained notoriety in the 1980s with the release of the 
results of a research project led by Massachusetts Institute of Technology (MIT) who 
studied the management practices and improvement programs adopted by leading 
companies in the automotive production chain and found that the adoption of these 
principles greatly contributed to strengthening their competitiveness (Womack et al., 
2001). 

The idea of lean thinking follows five steps to begin implementing improvements 
according to the lean manufacturing mentality; these steps are as follows (Womack, 
2004): 

1 find a change agent (can be yourself) 

2 find a ‘sensei’ (an instructor whose learning curve you can borrow) 

3 take advantage of (or create) a crisis to motivate action in your company 

4 start mapping the complete value flow of all your product families 

5 choose something important and start rapidly by removing the waste to be amazed at 
how much you can accomplish in a short period of time. 

However, what was observed in the preface by Womack (Rother and Shook, 2007) was 
that companies were skipping the fourth step, which in his opinion is the most important.  
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Thus, for a large company the first three steps are already contained in its daily 
management and can be verified through so-called systems of business excellence that 
are based on at least one of its pillars in the concepts of lean production, to get a better 
look for opportunities through reference maps of their materials and information flows. 

2.1 Materials and information flows analysis 

The materials and information flow analysis better known at the company as MIFA or 
value stream mapping or VSM, is a mapping that represents the actions (adding value or 
not) required to bring a product or service for all the steps essential for their generation: 
the flow from raw materials to the consumer hands, and the flow from product design 
since its conception to launch. Consider the perspective of the value flow means taking 
into account the broader picture, not just individual processes, and improving the whole, 
not only improving the parts. If you examine the whole process, from molecules to the 
consumer hands, you need to follow the trajectory of a product to several companies and 
even other plants. But this flow mapping is too much for the beginning! (Rother and 
Shook, 2007). Thus, many companies create specific maps of internal sectors to 
somehow improve their local efficiency, keeping in mind that this is a part of the 
complete mapping that will be integrated, as soon as possible, with hierarchical levels 
within this context. 

In order to make the current process mapping a practical approach is needed with 
checks and measurements on the factory floor (GEMBA). The meanings of the traditional 
symbols can be found in Rother and Shook (2007) and Slack et al. (2007) in Figure 1, the 
new symbols defined for the cartography definition of the case study will be highlighted 
with the same legend. 

The analysis process is divided in three steps (Rother and Shook, 2007): 

Step 1 The current state map is a drawing of maps representing the current flow of 
information and materials in the company, for its design some advice is 
recommended to be followed: always collect the information of the actual flows 
as you walk directly along the flow; begin with a quick walk around the flow 
‘door to door’; get the latest operation and walk toward the beginning; bring your 
own stopwatch and not rely on information and time standards; map yourself the 
complete value flow; always draw on hand and with a pencil. 

Step 2 Apply the lean manufacturing and continuous improvement concepts based on 
the PDCA in order to reduce the lead time in a sufficiently short way that all 
your requests can be satisfied in make to order way and times of exchanges 
between products (setup) are zero. 

Step 3 The future state map is a representation of a value flow improved over that 
described in step 1 but more realistically in short term than the ideal process 
described in step 2. Thus, the following efforts will be to achieve the future state, 
with the gradual elimination of waste sources, and variances and overhead found 
and with a possibility to be eliminated (eliminate the 3MUs) on this future map 
or many others that will be made on his journey. 
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Figure 1 VSM of a devices installation industry (see online version for colours) 

 

Source: Slack et al. (2007) 

2.2 MURA, MURI and MUDA – the 3MUs 

To draw the ideal state of the information and materials flow, all forms of waste, 
variability and overloads must be eliminated (Brazilian Automotive Suppliers 
Association, 2007), so it is necessary to acquaint ourselves better with each in the 
logistics context: 

• MUDA: means waste, this was originally classified as seven types of waste and later 
some companies have introduced two more wastes that are not taking advantage of 
the employees ability and disregard for safety standards of the company (Skill + 
Security). Thus, the seven wastes in vision logistics are as follows (Sutherland and 
Bennett, 2007): 
1 Over production: Delivery of products before they are needed is the most 

serious waste throughout the whole supply chain – what Toyota calls ‘created 
demand’. Created demand is caused by the request of material amount larger 
than necessary to use or request the material prior to its actual need. Created 
demand typically adds 40% of fluctuation to the volume of parts and accessories 
in the supply chain. 

2 Delay/hold: Any delay between the end of one activity and the beginning of the 
next. Examples are waiting for the arrival of containers and truckloads of 
products, or even receiving the client request and the time for its preparation. 
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3 Transportation: The unnecessary transportation that results in additional costs. 
Some examples include stops outside routes, service orders with materials far 
from each other. 

4 Movements: Unnecessary movement of people, such as walking, crouching or 
stretching too far in search of material on the shelves. Examples include extra 
travel and non-ergonomic movements due to poor layout of storage areas. 

5 Inventory/stock: Any logistics activity resulting in a greater amount of stored 
material than necessary or with an allocation different than the required. 
Examples include early delivery, receipt of requests for larger amounts than the 
necessary and materials in the wrong warehouse. 

6 Space: Using more space than optimal. Examples include loads received in 
containers and trucks that had capacity not optimally exploited, packaging that 
did not have its full occupancy, inefficient use of storage. 

7 Errors: Any activity that causes extra work, unnecessary adjustments or 
chargeback. Examples include service orders with errors, inventory differences, 
damaged products, defective products and poorly identified products in the 
allocation or label. 

• MURI: Is the overload condition for the worker, the machine or the process. Some 
examples are the fatigue from excessive weight lifting, ergonomic problems, 
uncertainty about the process steps, human dependence or emphasis on performance, 
excessive overtime and continued operation even with problems in the process or 
equipment. 

• MURA: Is the variation in the work content or imbalance in the flow resulting in the 
need to manage the situation that constitutes a loss in the working standard rhythm. 

The 3MUs are interrelated, so that the elimination of wastes from the MUDA, helps 
eliminate the other two, in this context, the contribution of Imai (2012) is of fundamental 
importance: “Of all the activities of kaizen the elimination of waste (MUDA) is the 
easiest part in the beginning, because it is not difficult to identify the losses when the 
necessary skill is acquired. The elimination of losses usually happens when we stop doing 
something we’ve always done, so its implementation is low cost. Therefore, leadership 
should take the initiative to start the kaizen with the elimination of losses where they 
exist - production (gemba), administration and / or services provision”. 

2.3 Materials management classical theory 

As the idea is to utilise the concepts of process improvement proposed by lean 
manufacturing by mapping the value chain in a warehouse of automotive parts and 
accessories, it is necessary to quickly implement the concepts of material management, 
corroborating the closing of part of the theoretical reference research. When any stock 
that was described above the necessary for a logistics company is a waste, it is necessary 
to expose the types of stocks and their functions in Table 1. 
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Table 1 Stocks types, functions and causes 

Types Functions Causes 

Safety stock Uncoupling between functions Uncertainties, variations and 
deviations (MURA) 

Cycle stock (production or 
purchasing lot) 

Reduction of the unitary cost 
of production/acquisition 

Economies of scale 

Stock in flow (in process/in 
transit) 

Enable the operation of the 
productive system/logistic 

Crossing time (lead time) 

Seasonal stock Production stabilisation Seasonal demand 
Investment Wealth building Price fluctuations 
Obsolete stock None Obsolescence 

Source: Cunha Neto (2011) 

Stocks are justified by the existence of time differences and/or variations in quantities 
between supply and demand for the products. If any supply of an item occurred at the 
exact time and amount in which it is requested, this item would never be stocked (Slack 
et al., 2007). 

Because of these needs, stocks must be controlled and its forms of control were 
classified as follows (Wanke, 2003): 

• Point of order: Where the amount of stock reaches the point of order this must be 
replaced with a fixed amount of order. 

• Fixed ordering period: Having identified the optimal period between orders this will 
be respected, thus causing the stock always reach its maximum value at fixed periods 
of replacement. 

The various applications of kanban to the Mizu Sumashi are variations of these two 
forms of control and they must all be used in a more stable demand without major 
changes as they happen, for example, with the stocks of a seasonal panettone factory. 
The difference between the point of order and the fixed ordering period is that the 
first type works with a reduced stock and the latter benefits the organisation for the 
same service rate (fill rate). 

• MRP, MRPII or ERP: When demand is seasonal, it does not follow a normal 
variation standard or shows great instability over time and another approach must be 
used (MCS Corporation, 2011). 

3 Research method 

Taken as a case study, the use of mapping the materials and information flow for 
subsequent application of improvement tools in search of a future map obtaining an 
improved process, the improvement process can be divided into three parts. 

The first part focuses efforts on aligning expectations, preceding the seminar for 
mapping and design of process flows. It contains the initial training techniques VSM or 
Material and Information Flow Analysis (MIFA), the 3MUs, production levelling, hand 
labour balancing, based on Rother and Shook (2007), inventory management, based on 
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Wanke (2003), and Slack et al. (2007), and also presents the issues presented and 
information necessary to define the flows that will be studied. 

The second part involves an intensive study in the form of the sites, made on the 
factory floor to design the current, ideal and future flow of materials and information, 
which are the references for defining the action plan with the needs of actions, 
investments, training and validations provided and distributed in 14 specific projects, 
some of which we discuss in the case study. 

The third part is the monitoring of projects defined in the second part based on the 
projects guide, the Project Management Institute (2008). 

The research methodology adopted for this work the case study, which is a form of 
empirical research to investigate a contemporary phenomenon in its real context, 
especially when the boundaries between phenomenon and context are not well defined. 
This method usually involves the investigation of a small number of cases and enables to 
develop understandings about the object of study contemplating their relations with the 
contextual conditions (Yin, 1994). 

Although it is a topic that has attracted increasing attention, it is noted that the lean 
manufacturing approach aligned to the supply chain management with specific focus on 
post-sales service is still not widespread among companies; especially in Brazil, where 
the expanding market still has no great differential services rendered subsequent to sales, 
being rare in most cases the organisations having made efforts to promote it, managed to 
advance to complete a considerable number of improvement projects, not limited to its 
application in individual projects. Thus, for this study, we selected a company that since 
its inception in Brazil has devoted efforts to implement lean manufacturing tools in 
certain areas of its production system and from 2010 started the lean journey through 
structured programs also in the service areas. Between 2011 and 2012, this company has 
achieved the milestone of deploying 14 projects under this new approach in their spare 
parts and accessories warehouse, which shows the consistency of their efforts in this 
direction. It is, therefore, a business experience that combines attributes that qualify it as 
a relevant case (Yin, 1994). 

4 Case study 

The case study will be divided into four parts; the first will show the approaches and the 
events that occurred prior to the design process of the mapping of the receiving process; 
the second part the approach and the model used for the flow design and definition of the 
actions plan; the third part will present the deployment of the plan and methodology 
addressed to passing through the managerial gates or milestones between steps for each 
project and, finally, the fourth part will summarise the gains achieved while maintaining 
a relationship between the tools used and the individual or accumulated gains obtained. 

4.1 Preparation for MIFA site visit 

During the months leading up to the weeklong MIFA site visit, a series of activities were 
planned in order to train participants on the concepts of lean manufacturing, capturing 
data on internal flows and work systems used in the warehouse, timekeeping, defining the 
goals, etc., with the primary purpose of aligning knowledge and expectations among key 
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project stakeholders. The summary of this analysis can be better understood with the data 
shown in layout at Figure 2. 

Also in Figure 2, we can see the distribution strategy of parts by type, where 
motorised zones are filled with pallet racks and cages to accommodate parts in picking 
and booking areas, and the manual areas are filled with cabinets for small parts keeping 
where, in this area, there are no reserved addresses and if the demand for these materials 
increases, this SKU migrates to motorised areas. Thus, the details for the information and 
expectations alignment can be supplemented with the additional information shown in 
Table 2. 

Figure 2 Warehouse layout (see online version for colours) 

 

Table 2 Preliminary information 

Sector Information 

1 Reception Imported origin: 

Normal lead time 90 days – waterway and road transportation 

Urgent lead time 20 days – air and road transportation 

Average (day) of 3 containers = 870 lines = 8 tons 

85% of the total SKUs and 60% of the value on stock. 

National origin: 

Lead time 45 days – road transportation 

Average (day) of 11 trucks = 82 lines = 11 tons 

15% of the total SKUs and 40% of the value on stock. 
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Table 2 Preliminary information (continued) 

Sector  Information 

3 Expedition 400 concessionaires throughout Brazil with normal orders  
(3 days internal work) and urgent orders (same day delivery for 
orders placed by 12:00). 
The transportation of goods made by road modal ranging from 
one to 15 days according to the location of the concessionary, 
but they can also request air transport. 
Average (day) of 14 trucks = 7000 lines = 19 tons 

5 and 
8 

Manual zones Lead time: 37min./13 current SKUs 
Lead time: 25min./4 new SKUs 

4, 6, 7, 
9, 10 
and 11 

Motorised zones Lead time: 58 min./24 current SKUs 
Lead time: 32 min./2 new SKUs 
Lead time: 13 min./SKU at the reservation area zone 

With the information presented parts flows were defined that would be followed by two 
groups of people during the week of the site. 

4.2 MIFA site visit 

The site visit took place during a week, with two multifunctional teams that analysed 
flows on the factory floor defined in order to consolidate mapping, measuring time with 
their own stopwatches and handmade notes, as mentioned in the bibliographical revision 
(Figure 3). 

Figure 3 Current state flow (see online version for colours) 

 

To design the flow of the current state of the warehouse, the approach was defined to 
consider the material as controlled stock when the ERP and physical allocation of the 
material were aligned, and as uncontrolled stock when the ERP and physical allocation of 
the material were not aligned, so, from the time of discharge from the truck to the 
effective custody of the material, with address confirmation through the service order, the 
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stock was seen as uncontrolled, because we knew that the material was inside the store, 
but not where it was allocated. 

Thus, after several studies on activities that did not add value and existent 
possibilities for making improvements, both teams came up to new map that is briefly 
displayed in Figure 4, to maintain the confidentiality of the company in question. 

Figure 4 Summarised flow of the future state (see online version for colours) 

 

Together with these changes, the company was provided a new sorting area as well as a 
new organisation for the levelled entry-level materials. 

The action plan was also set this week, with follow-ups on a weekly basis for the first 
three months and monthly during the following months. 

4.3 Actions plan 

All projects identified in the action plan were planned and monitored through an 
improvements program, where each project had a responsible, end date of the actions and 
validations with documentation to be delivered at each stage. 

Among the projects undertaken, the main highlights were those based on the results 
of the KPIs of the MIFA improvement program, as the stock reduction project and the 
productivity enhancement project. The other projects were based on process KPIs were: 
the project for revision, rescheduling and training of providers on how the goods should 
be received, creating windows of time for the receipt of goods, creating the sorting zone 
and creating a golden zone, where materials of the highest turnover would be located in 
Regions 4, 5 and 6 of the warehouse. 

Besides all of the projects presented, another process KPI generated was that of 
milestones or validations planned versus completed for submission to the company 
steering committee. 

All projects should consider the implementation of controls with visual management, 
as well as the final validation, should meet the needs of creating standards, work 
procedures and training for all those involved in the activities. Thus, the improvements 
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were perpetuated from project (progress management) to the process (everyday life 
management). 

4.4 Execution and results obtained 

The implementation and the results obtained were categorised and presented in projects, 
to facilitate understanding, noting that executions after the week of the patch lasted a 
year, with the first three months being monitored on a weekly basis and the rest in a 
monthly basis: 

The golden zone project, over time, came from a number of materials billed from 
60% to 90% in Regions 4, 5 and 6 of the warehouse layout, this has considerably reduced 
the route and the time to seek and store the products. 

The sorting area project, which at first glance may seem like the addition of an 
unnecessary step in the process, it was a great discovery because with a little time added 
to separate the materials received by sectors and then make them available to custody 
drastically reduced the times of manual and motorised custody, this project also helped in 
improving the organisation and increased efficiency in receiving. It is worth noting that 
the implementation of this process was approved only after making a flow chart at the 
warehouse with the route travelled before and after its deployment. 

The project that created reception windows for containers and trucks was beneficial, 
because before it is implementation it was common to encounter long waiting periods for 
staff in the delivery area followed by long periods of trucks queues to unload. 

Another important project was the revision, standardisation, training and contract 
with the suppliers to receive the materials according to the warehouse needs and the 
group norms, thus avoiding rework of goods received with custody directly after the 
sorting sector consolidation, this project also contributes to increased productivity and 
capacity of the reception sector. 

The project to increase productivity in the expedition was guided in the four previous 
projects, because increasing the efficiency of reception and with 90% of SKUs located on 
the beginning of the warehouse, near areas of materials entry and exit, the expedition 
passed from an efficiency of 140 lines/man/day to 170 lines/man/day, thus achieving an 
increase of just over 20%. 

The inventory reduction project was one of the most complicated, because in contrast 
to the improvements made through agreements with suppliers and work performed, the 
stored value increased each day and the number of references too. This occurred because 
of the large number of launches of new vehicles, which generated new SKUs that 
increased proportionately to the launches. Thus, to eliminate the possibility of potential 
interference in the work, 270 SKUs have been defined (100 imported SKUs and 170 
national SKUs) and their availability values and R$ in stock were controlled and are 
shown in Figure 5, where a stock reduction of some two million dollars was achieved 
with the availability of parts within the target set for the 270 SKUs. These references 
chosen represented 0.8% of the total number of SKUs and 30% of the money invested in 
stock in January, the month of the beginning of this study. 
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Figure 5 Stock reduction (see online version for colours) 

 

5 Conclusions 

Using the VSM as a logistics warehouse entry tool for lean thinking proved to be of great 
practical use, since short-term results could be measured and controlled by those in 
charge of the areas. At the beginning workers preferred not to leave their comfort zones, 
but in the course of the activities the evolution of the results started to become more and 
more like the lean thinking model. They are now are big supporters of the methodology 
and will employ it in other areas for processes mapping and will integrate them into large 
managerial maps that will be improved continually through the PDCA cycle. However, at 
the beginning of the project a lot of energy was demanded from the managers of the 
warehouse that during the first months followed the report of the development of the 
program and its adherence to the plan on a weekly basis along with the areas managers. 

It is worth noting that the gains study was limited, at this moment, to the two results 
indicators that are inventory reduction and productivity increase to meet a new demand, 
but other gains surfaced, employee satisfaction and commitment, environmental and 
work safety were not explored here, since the main purpose of the project at the time, was 
not to address these issues, the possibility remains open that this tool will collaborate 
with other studies that aim to explore other possible gains to be seen. 

The case study corroborates the idea that Lean Manufacturing can be implemented 
and integrated in a customised way with other existing theories in companies seeking this 
integration, as the store that adopted the materials management classical theory and its 
structure was complemented in a complex transition and large entry barriers. However, 
after a little more than a year after incorporating lean manufacturing techniques, the 
results achieved in reducing inventory and productivity of the expedition, even with a low 
investment, exceeded previous gains that mostly had a major financial contribution to its 
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implementation in more than ten years of existence of this warehouse, increasing its 
competitiveness and giving it large market differential. 
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1 Introduction 

In the competitive game of business, success often favours those who deliver the higher 
standard performances and higher value in the eyes of the end-consumers (Kim, 2009; 
Lee, 2000). A critical element in achieving such supply chain wide effectiveness is the 
alignment of individual contribution of every participating member of the supply chain at 
the strategic, tactical and operational levels (Lu, 2011a; Jayaram et al., 2010). Such 
alignment requires inter-organisational collaboration and integration to achieve optimised 
balance between cost and benefits, efforts and reward, investment and returns across the 
entire supply chain (Flynn et al., 2010; Fawcett and Magnan, 2002). It also calls for 
strategic alliance, high level of trust, and a culture of close partnership (Böhme et al., 
2008; Swink and et al., 2007). 

Despite the extensive literature coverage on a whole range of factors that might affect 
the supply chain performance and ultimately supply chain success (Lu, 2011b), one 
stone, which appears to have been left unturned, is the impact of perception gap in terms 
of the differences that the supplier and buyer are expecting from each other on whole 
range of the operational performance measures. To further clarify the notion of the term 
and to distinguish it from other similar meanings in other research fields such as 
psychology and philosophical (Strawson, 1988; Yaniv and Shatz, 1988; Brewer, 1996), 
we define a narrow notion of perception gap as: 

“The discrepancies between buyers’ and suppliers’ perceptions on each other’s 
operational delivery standards and performances within any pair of  
supplier-buyer dyad of a supply chain.” 

However, the definition can also be generalised into a more useful wider notion of 
perception gap as: 

“The discrepancies between any participating members’ perceptions on what’s 
need to be or have been delivered, performed or achieved in the part of the 
supply chain.” 

Thus, in this research, the perception gap is focused on the wider differences of opinion 
towards the operational performance that the other parties in the supply chain are 
supposed to deliver or have been delivering. Such a wider notion surely not only covers 



   

 

   

   
 

   

   

 

   

   124 D. Lu and G. Ertek    
 

    
 
 

   

   
 

   

   

 

   

       
 

the narrow notion, but also more importantly extends it from the dyadic fulfilment 
difference to a more general cognitive difference. Two suppliers of the same buyer may 
have different perceptions on the buyer’s strategic intention for a newly developed 
product; even two divisions in the same supplier may show discrepancies on the 
perceptions of the intended quality standards by the buyer. 

Our initial literature review shows that there is a clear paucity of scholarly discussion 
of the perception gap in the given research context. Even sparser are the literatures on 
how such perception gaps may have impacted upon the supply chain performance. 
However, the lack of literature in the area is only part of the motif for the research. The 
more important motif lies in the largely ignored theoretical relevance and causal 
relationship with overall supply chain performance. This theoretical shortfall could 
impede supply chain performance and obscure managers’ thorough understanding of the 
root-cause of many supply chain management problems. It is, therefore, the authors’ 
primary aim to fill this apparent research gap and to provoke more in-depth and 
exploratory discussion of the topic. 

The premise of this research is largely based on the authors’ hypothesised conceptual 
model in Lu et al. (2013) that the perception gap, in terms of wider definition, exists in 
three different levels. Considering any dyadic link between two tiers – the supplier tier 
and the buyer tier, the perception gap can be illustrated and framed by a three-level gaps 
model as shown in Figure 1. The model shows the different components of perception 
gaps within a dyadic pair. As one of the research findings, the analysis in the sequel has 
positively verified the significant existence of such perception gaps at all three different 
levels, albeit testifying the mere existence of the perception gap only fulfils a small part 
of the research objectives. What’s more important is to explore and verify that the 
perception gaps at different levels may or may not impact upon the different aspects of 
supply chain behaviour. Supply chain performances are likely to be causally related to the 
different types of perception gaps. This leads to another set of hypotheses to be discussed 
in the later sections. 

Figure 1 Three-level perception gaps model 

 Buyer 

Supplier Supplier 

Level-3 Gap 

Level-1 Gap Level-1 Gap 

Level-2 Gap 

Level-3 Gap 
 

The level-1 perception gap represents the perception difference in between suppliers and 
buyer on mainly what needs to be delivered to the buyer; the level-2 perception gap 
represents the discrepancies in between the different suppliers’ perceptions on the 
intended quality standard and service level from the same buyer; and the level-3 
perception gap represents the differences in between the different functions’ or even 
different peoples’ perceptions within the same supplier or buyer on what was required 



   

 

   

   
 

   

   

 

   

    Perception gap and its impact on supply chain performance 125    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

and how they are performing in order to satisfy the external parties’ demand (Lu et al., 
2013). 

The model basically defines the three categorised sources of perception gaps and 
maps them to their corresponding supply chain management problems, namely: level-1 
gap is linked to the buyer-supplier coordination; level-2 gap is linked to the 
rationalisation within the supply base to achieve the consistency and harmony in between 
suppliers horizontally; level-3 gap links to the participating organisation’s internal 
congruence and communication effectiveness. As such, arguably the model suggests a 
theoretical point that the supply chain behaviours in coordination and relationship are 
intricately related to a psychological dimensional measure called perception. Based on 
the comprehensive theory of perception proposed by Huron (2006), perceptions do 
directly evoke behavioural consequences in various forms of psychological phenomena. 
According to the theory, accurate expectations are adaptive mental functions that allow 
organisms to prepare for appropriate actions and perceptions; the emotions accompanying 
expectations are intended to reinforce accurate prediction, promote appropriate  
event-readiness, and increase the likelihood of future positive outcomes [Huron, (2006), 
p.4]. Thus it is fair to say when the perceptions are not formed from the accurate 
anticipation; they may evoke poor event-readiness and negative outcomes. The model 
could also provide guidance on linking from practical managerial problems to the 
possible root causes arising from the perception gaps. Avoiding extensive elaboration, the 
characteristics of the perception gaps and their implications in supply chain management 
can be described in Table 1 (Lu et al., 2013). 
Table 1 The three-level gaps model and its implications 

Levels Where Descriptions Implications Remedies 
Level-1 
gap 

Between buyer 
and suppliers 

SC requirement 
and fulfilment 
gaps 

Impediments to 
supplier development 
and SC integration 

Long term, close 
partnership; information 
sharing; joint planning 

Level-2 
gap 

Between 
different 
suppliers in the 
same tier 

Suppliers 
differentiation 
gaps 

Hinders the 
optimisation of 
consistent quality and 
cost  

Tailored relationship and 
bespoke processes and 
KPI to each type of 
supplier 

Level-3 
gap 

Between people 
who may or 
may not have 
different roles. 

Role-based 
perspective gaps 

Barriers to internal 
operational 
coordination 

Internal communication; 
adequate employee 
training; empowerment.  

In spite of the relatively simple form of the definition intuitively understandable 
concepts, the implication of the perception gap and its possible causal relation with the 
supply chain performance remain unclear and un-investigated. Thus the following critical 
research questions need to be addressed: 

• Is there any causal link between the perception gap and the key supply chain 
performance measures? Or is the perception gap a latent factor that affects the 
performance shortfalls significantly? 

• How substantive is the impact of perception gap on the measured or observed supply 
chain performance? 
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• Is the perception gap an independent, unique and non-captive factor that needs to be 
recognised on a theoretical basis? 

Hence, the objectives of this paper area follow: 

a to examine the significant existence of the latent factor called perception gap as 
defined above through observed indicators 

b to test the causal connection between the perception gaps as a model construct and 
the observed supply chain performances 

c to develop a better understanding on how perception gap plays its role in supply 
chain performances. 

Furthermore, an unintended objective could be to explore a new research dimension 
where the established psychological and emotional behaviour theories such as ‘a 
comprehensive theory of expectation’ (Huron, 2006) can be applied into the domain of 
organisations and supply chains instead of organisms. It is therefore anticipated that the 
limited contribution of the article would be on constructing a psychological component 
into the underpinning theory of supply chain performance of integration. The 
methodological design taken to achieve these objectives is first, to construct empirical 
conceptual model based on the past collective knowledge and literature reviews, arguing 
the research gap and its deservedness for attention; second, to design the measurement 
instruments and collect first-hand data to form the observed indicators for the relevant 
constructs of the model; third, to test the model using the well-established multivariate 
statistical tools including confirmatory factor analysis (CFA) and structural equation 
modelling (SEM). We used IBM SPSS Amos 20 package to check the validity of the 
model constructs, analyse their relationship such as regression loadings, and try to come 
to terms of the causality from perception gap to supply chain performance. 

The remainder of the paper is organised as follows. Section 2 provides a brief review 
of the relevant literature as the conceptual background, along with some critical 
discussions leading to hypotheses propositions. Section 3 discusses the methodological 
issues including the survey, the data collection, and the choices of analysis methods. 
Section 4 is devoted to the data analysis by using CFA and SEM. Section 5 summarises 
the findings from a theoretical perspective and discusses their managerial implications. 
Section 6 draws conclusive remarks from the research, outlines the limitations and 
foresees further works. 

2 Literature review 

The topic of perception gap and its impact on supply chain performance appear to have 
not yet formed a recognisable body of knowledge, nor have the researchers developed 
fundamental theorised models. Notwithstanding that perception gap and supply chain 
performance separately have already been widely discussed and researched in several 
different contexts. However focused research specifically investigating the significance 
and relevance of perception gap as defined in this research remains uncommon. For 
instance, a test-run of Google Scholar search on the combined terms of perception gap 
and performances gap returns no directly applicable result. Nevertheless, indirect studies 
in the related areas appear to have no shortage of literature evidences. Many of such 
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research outputs were largely in the field of psychology and philosophy. Liggio (1974) 
applied the term ‘expectations gap’ to auditing and how it might be live up to the public 
expectations to the business. Porter (1993) also ascribed to the expectation gaps in the 
context of increased litigation and the threat of lost governance. Sporadic research studies 
on perception gaps and their impacts on some specific business areas have brought some 
encouraging development in theory as well as tangible values in practice. For example, 
research conducted for the conceptual models of expectation gap have been seen in a 
number of literatures (Anderson et al., 1993; Lowe, 1994; Miller et al., 1991). Based on 
the definition given by Slack et al. (2009) in the field of operations management, the 
concept of ‘expectation gap’ is more or less the same as the “perception gap” which we 
use here in this paper. 

In a very different research area of manufacturing, Silver and Vegholm (2009) 
discussed the issues of providing service to customers in order to meet their 
‘expectations’. The desired outcome of such dyadic relationship is the high standard of 
product and service quality that leads to customer satisfaction (Kessler, 1995; Betts et al., 
2011). As a result of this interaction, the buyer will make evaluations based on its 
judgment of the product or service received from the suppliers, and will compare the 
performance with its initial expectations. The customers’ perception is the behavioural 
outcome of their experience on the overall capability of the suppliers (Gagliano and 
Hathcote, 1994). Thus one can understand that the buyer’s perception is based on its 
evaluation of the service received. When the perceived performances are lower than the 
expectations, it is a sign of poor service or product quality by the suppliers; and the 
reverse indicates good quality and service standard. The perception or the perceived 
quality is the overall judgment on the supplied products or services. However, prior to 
their experience, buyers create expectations, against which the supplier’s performance is 
evaluated (Coye, 2004). Consequently, perceptions involve the subjective response of 
people and are therefore highly likely to be inconsistent with the reality or that of the 
supply chain partners (Parasuraman et al., 1985). All these observations from the 
literature serve as the empirical evidence for the possible existence and close relevance of 
the perception gaps with supply chain performance. 

Looking further beyond, according to the disconfirmation theory, which is most 
widely used and accepted theory to explain satisfaction and service quality (Johnston, 
1995; Johnston and Clark, 2008), the customer’s feeling of satisfaction/dissatisfaction 
with his service encounter is related to the magnitude and direction of the disconfirmation 
experience. The disconfirmation is related to the person’s initial perceptions  
(Walker, 1995) formed prior to the purchasing/consumption. When the supplier’s 
performance is better than the expectation (which is not necessarily uniform across 
buyers) it yields a positive disconfirmation. Conversely, when the supplier’s performance 
is poorer than the expectation, it yields a negative disconfirmation. Our research links this 
disconfirmation, which we refer to as ‘performance gap’, to the gap in the initial 
expectations, which we refer to as ‘perception gap’. 

Customer perceptions and expectations are undoubtedly central to supply relationship 
and supplier development. Studies by Oliver and DeSarbo (1988) and Andreassen (2000) 
found a theoretical support for the effects of perception on the customer satisfaction or 
dissatisfaction. They stated that the perception-based expectations cause an assimilation 
effect, while discrepancy between perception and reality results in a contrast effect. 
According to the assimilation theory, people tend to respond according to their 
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expectations because they are reluctant to admit wide discrepancies (Bridges, 1993; Lu 
and Betts, 2011). Perception and expectation also have a direct effect on the emotions of 
the parties participating in the supply chain relationship. People involved in the 
relationship experience pleasant or unpleasant emotional state depending on their 
expected levels of satisfaction (Vinagre and Neves, 2007). While framing the issues 
around perceptions and experiences, the above mentioned research studies appear to have 
fallen short of illustrating the linkage between the contrast in expectations (perception 
gaps), and the contrast in experiences (performance gaps). 

From another angle, it can be observed that supply chain integration is becoming an 
increasingly critical factor in today’s pursuit of business excellence (Kannan and Tan, 
2010; Margetta, 1998; Lu et al., 2011). The magnitude of the perception gaps, or in other 
words the level of harmonised expectations in between the supply chain members, 
reflects how well the supply chain is integrated (Akkermans et al., 1999; Rosenzweig et 
al., 2003; Sun et al., 2009). On the other hand, a well-integrated supply chain can only be 
so verified if and only if it delivers the desired performance that satisfies the customer 
expectation (Gimenez and Ventura, 2003; Frohlich and Westbrook, 2001). The factors 
associated with perception gap, integration, and performance gap are part of the same 
system and are inextricably interwoven together. Thus, they must be treated together 
systematically. However, studies with such a system approach appear to be few and far in 
between. 

The brief review above indicates that the research on how the perceptions of both 
customers and suppliers and their differences can affect the supply chain performance is 
clearly underexplored; and its relevance to the evolving theories on supply chain 
performance management is even more important Thus, this paper aims at a better 
understanding that may lead to narrowing the gap through theoretical analysis and 
modelling between the perception gaps and performance gaps. The anticipated unique 
research contribution is to create an alternative and complementary approach, in both 
concept and practice, to address the critical issues of supply chain performance shortfalls. 

3 Methodology and data collection 

3.1 Choices of methodologies 

To verify the three main perception gaps in the supply chain context (Figure 1), the CFA 
was chosen. Essentially the CFA is a type of SEM that deals specifically with 
measurement models (rather than structural models), which covers the relationships 
between observed measures or indicators from the surveyed data and the latent variables 
or factors from the conceptual modelling (Brown et al., 1998; Floyd and Widaman, 
1995).A fundamental feature and the most common application of CFA is its hypothesis-
driven nature (Cox et al., 2002; Thurstone, 1947), which fits precisely to the needs of this 
research. 

For the exploration of the possible causal relationship between the perception gaps 
and supply chain performance, we used SEM (Spearman, 1904). Typically, SEM is an 
effective modelling tool, which could be very helpful in exploring causal relationship and 
structures of multiple factors (Bentler, 1988).The explicit distinction between factors and 
indicator in SEM allows one to test a wide range of hypotheses. Thus, in this research 
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SEM is used to test the hypotheses that the perception gaps do have significant but 
negative impact on the supply chain performance. 

3.2 Survey and data collection 

The survey was carried out to a sampled population of 232 individual respondents from 
14 client companies as part of a global supply chain performance improvement project 
from June to November 2011. A key component of the project was examining the causal 
link between the perception difference and the collective supply chain performance. 

The ‘collective supply chain performance’ here is defined as the measured 
performance delivered collectively by the members of the part of the supply chain. If the 
observation is made from a buyer’s perspective, then it is basically the supply chain 
performance delivered by all its suppliers collectively on the up-stream side. If the 
observation is made from the consumers’ perspective, then it simply means the whole 
supply chain’s performance delivered collectively by all the members of the supply 
chain. If the observation is made from a function within an organisation, it means the 
performance is collectively delivered by the up-stream suppliers plus the organisation 
itself and plus any relevant collaborators. 

Every respondent was asked to complete an on-line questionnaire which consists of 
nine statements to be evaluated in a Likert scale of 1 to 9. The respondent population was 
a mixture of managers in different levels, such as team leaders, line-managers, and senior 
managers and so on. The questionnaire is shown in the Appendix where each statement 
(or question) constitutes a measurement instrument that delivers an observed measure. 
Although the data are collected from 14 different companies, the research makes no 
distinction between companies, simply because the hypotheses to be tested are not 
specific to any individual companies. 

The data has then been screened to ensure that there are no significant missing data 
and the independent observable variables are normally distributed (normality tests) by 
using skewness and kurtosis test and Shapiro-Wilk test. The resultant characteristics of 
the nine observable variables are as given in Table 2. 
Table 2 Results of the skewness and kurtosis and Shapiro-Wilk tests 

 LV1_a LV1_b LV1_c LV2_a LV2_b LV3_a LV3_b PF_a PF_b 
Skewness Statistics 0.374 0.257 0.298 –0.212 –0.466 0.314 0.210 –0.501 0.337 

Std. error 0.363 0.235 0.302 0.321 0.487 0.299 0.233 0.493 0.389 
 Z-value 1.03 1.09 0.98 –0.66 –0.95 1.05 0.90 –1.01 0.86 
Kurtosis Statistics –0.112 0.265 0.611 –0.426 0.635 –0.534 0.245 –0.424 0.323 

Std. error 0.125 0.289 0.578 0.454 0.553 0.564 0.217 0.409 0.291 
 Z-value –0.89 0.92 1.06 –0.94 1.15 –0.95 1.13 –1.04 1.11 

As shown in the table all the skewness and kurtosis z-value for the variables are within 
the span of –1.96 to 1.96 (Cramer, 1998; Cramer and Howitt, 2004). And the follow-up 
Shapiro-Wilk test shows all the p > 0.05 (Shapiro and Wilk, 1965; Razali and Wah, 
2011). These test result show that our observed data are a little skewed and kurtotic for 
the nine independent variables, but they do not differ significantly from normality. The 
consistency reliability of the data, which measures the degree to which responses are 
consistent across the items within a measure, has been checked by using Cronbach’s 
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alpha. For the four constructs, the four Cronbach’s alpha results are: 0.72; 0.81, 0.74. 
0.77 (against the criteria of > 0.70). 

4 Modelling, analysis and results 

4.1 CFA analysis 

With the already conceptualised three-levels gaps model, we first consider a first-order 
CFA model as shown in Figure 2. The purpose of the CFA is used to verify the structure 
of the measurement model. A precondition of CFA is the multivariate normality of the 
indicators’ data. In the model, all the rectangles represent the indicators and ovals 
represent the latent factors, and the rounds for unique variables such as errors. 

Figure 2 First-order CFA model for perception gaps (see online version for colours) 

 
CFA model for perception gaps 

This model asserts that the three observed measures (indicators) LV1_a, LV1_b and 
LV1_c depend on an unobserved variable or latent factor PG1, which represents the 
Level-1 perception gap in the three-levels gaps model. And similarly: 

• the two observed measures LV2_a and LV2_b depend on the PG2 

• the two observed measures LV3_a and LV3_b depend on the PG3. 

It is worth noticing that the perception gap is not represented here by just one latent 
factor, but by three latent factors, each representing a perception gap at a specific level as 
described in Figure 1. This is entirely a model-design issue which is based on the authors’ 
past research experience and overall understanding of this subject, but as a hypothesis in 
terms of this research. According to the model, every observation measure is determined 
by a relevant latent factor as an underlying variable that determines at least partially the 
outcomes of those observation measures. The model also postulates that the measures 
may also depend on something other than the latent factors. In the case of LV1_a, for 
example, the unique variable e1 is also involved. e1 represents any and all influences on 
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the LV1_a , which are not shown elsewhere in the path diagram. It also, very importantly, 
represents the measurement error that is likely to arise during the data gathering 
processes. The three latent variables are called the common factors because each of them 
is common to a number of observed indicators, whilst the seven ‘error’ variables are the 
unique factors since they only affect one observation test. The model also assumes that 
the unique factors are not significantly correlated with each other or with the latent 
factors. 

The path diagram model in Figure 2 is created by using IBM SPSS Amos 20 
software. The parameter estimation was based on the maximum likelihood (MI) 
procedure. The goodness-of-fit of the model was measured using goodness-of-fit index 
(GFI), adjusted goodness-of-fit index (AGFI), and comparative fit index (CFI). The 
regression coefficients are calculated in standardised terms since the indicators are 
correlated, whilst the unstandardised regression coefficients (also easily calculable in 
AMOS) are often reserved for comparing the results for the same predictors across 
different samples, which is not the case here. Scales through unit loading identification 
are assigned to all the error variables and latent factors (‘1’ in Figure 2). After loading the 
data into the created AMOS model and running the analysis in AMOS, the first-order 
CFA is conducted. The results are shown in Figure 3 and the tabular summaries below. 

Figure 3 CFA standardised results (see online version for colours) 

 
CFA model for perception gaps 

The computation of the positive degree of freedom makes the model identifiable as the 
unit scaling has been assigned already. Number of distinct sample moments is 28, 
number of distinct parameters to be estimated is 17, and the degrees of freedom is  
(28 – 17) = 11. 

Here the ‘sample moments’ means the number of known parameters, such as the total 
number of variance and covariance of the variables. The GFI = 0.953; CFI = 0.940; have 
exceeded the 0.90 level indicating a good model fit (Bentler and Bonett, 1980). However, 
the Tucker-Lewis index TLI = 0.93, which is just slightly below the threshold at > 0.95 
(Hu and Bentler, 1999). The discrepancy degree of freedom ratio χ2/df = 27.89/11 = 2.54 
is not much higher than 2.5 as it should be. The reliability of each indicator can be 
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analysed through its squared multiple correlation, suggested by AMOS. The values are 
shown on the top-right corner of each rectangle in Figure 3, indicating the amount of 
variances responsible by the underlying factors. The standardised regression weights 
(shown on each of the single-headed arrows) in Figure 3 show that the three perception 
gap latent variables do significantly determine the observed indicators. With the 
reasonably confident fit of the model and the significant impact demonstrated by the high 
regression weights, we may come to realise that the significant existence of the 
perception gaps has been verified. 

The squared multiple correlations can be interpreted as the estimated reliability of 
each of the observed variables. To take LV1_a as an example, 76% of its variance is 
accounted for by PG1 – the Level-1 perception gap. The remaining 24% of its variance is 
accounted for by the unique factor e1. If e1 represented measurement error only, we 
could say that the estimated reliability of LV1_a is 0.76. The resultant regression weights 
on the single directional paths show how much proportionally the latent factor affects the 
observed factor. For example, a regression rate of 0.65 means that a change in magnitude 
of 1 will result in 0.65 magnitude of change in the observed factor. 

To summarise, the CFA analysis has positively tested with a high degree of 
confidence that the three factors of perception gap fit to the observed indicators well; the 
model-based ‘common factor’ hypotheses generally tested positive. We can state with 
confidence that there do exist the three latent factors that represent the perception gaps in 
the buyer-supplier dyad. 

4.2 SEM analysis 

The question of how does the perception gap impact upon the supply chain performance 
is better to be analysed through the SEM (Anderson and Gerbing, 1988). Based on the 
literature review discussed above and the authors’ priori knowledge in supply chain 
management, it is convincingly evident that the perception gap represents a negative 
factor to the supply chain performances. In other words, where there are more perception 
gaps between members of the supply chain on all types of performance delivery matters, 
there are poorer standards of performance. However, this argument can only be a 
hypothesis at this point unless it is tested otherwise. The structural part of our model is 
precisely designed for such a test and SEM appears to be the only suitable methodology 
in this context. 

In the SEM model (Figure 4), the supply chain performance is conceptualised by the 
factor of ‘performance shortfall’ which can be measured from a number of perspectives, 
such as quality defects, delivery delays and non-compliance of technical specifications 
and so on. If any latent factors that represent the perception gaps have positive influence 
(shown through the factor loadings in the analysis below) on the perception shortfall, 
then this means that they have negative effect on the supply chain performance; and vice 
versa. The performance shortfall surely will also be affected by other systematic and 
unique factors that are not specified in the model. We use e8 to represent them (see 
Figure 4). It is important to notice that in the key structure of the model the single-headed 
arrows are pointed from the perception gap factors and towards the performance shortfall, 
indicating that the ‘perception shortfall’ is the ‘formative second-order construct’ with 
the three ‘reflective first-order constructs’ representing the three perception gaps. In the 
meantime, the ‘performance shortfall’ is also a reflective measurement model on itself 
with two measurement indicators. It is clear that all the latent factors are built on a 
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reflective model with arrow-heads pointing from the indicators towards the factors. 
However the structural model, which represents the relations between the latent factors, is 
a second-order formative model. The SEM model constructed here is basically to test the 
significance or validity that the performance shortfall is causally associated with the 
perception gaps. 

Statistically, as shown in Figure 4, what the SEM trying to achieve is a regression 
model of the performance shortfall with the unobserved factors of performance gaps at 
the three different levels. The coefficients of the regression indicate how much of the 
performance is negatively influenced by the perception gaps (a negative influence on the 
performance is interpreted as a positive influence on the performance shortfall). The 
answer to this question will surely reveal a better understanding of the causal factors to 
the supply chain performance. 

Again, like CFA, we use IBM SPSS AMOS 20 software to analyse this relationship 
part of the model (Figure 4). SME is appropriate for complex multivariate data and 
testing hypotheses regarding relationships among observed and latent variables  
(Hoyle and Panter, 1995). In testing the formative constructs, as partly in our model, 
there are two general causal modelling approaches: the covariance-based methods or the  
variance-based method known as partial least square (PLS). Covariance-based methods 
are more appropriate for confirming theory and parameter estimation, and require large 
sample sizes and normally distributed data. PLS, in contrast, is more appropriate when 
theory is lacking but for prediction purposes (Chin, 1998). We applied the covariance-
based method because our purpose is not theory generation but rather theory confirming, 
and we have a reasonably large sample size and normally distributed data. 

Figure 4 SEM modelling for relationship between performance gaps and performance shortfall 
(see online version for colours) 

 
Regression model 

SC performance with perception gaps 

The result of the SEM analysis shows an acceptable overall fit statistics: χ2 of 55.28 and 
the degree of freedom d.f. = 21. The ratio of χ2/d.f. = 2.63, which is less than 2.5 as the 
recommended benchmark threshold. Number of distinct sample moments is 45, number 
of distinct parameters to be estimated is 24, and the degrees of freedom is (45 – 24) = 21. 
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The comparative fit index CFI = 0.947 (the benchmarking threshold is > 0.9); the root 
mean square error of approximation RMEA = 0.088 (benchmarking threshold is < 0.1); 
SRMR = 0.078 (the benchmarking threshold is < 0.08) Also particularly important for the 
structural part of the model, the significant (p < 0.001) and positive formative relationship 
has been demonstrated between the three factors of perception gaps and the market 
performance shortfalls. The standardised formative regression coefficients are estimated 
as 0.52, 0.46 and 0.32 respectively as shown in Figure 4. This, along with the fit statistics 
of the overall model provides support to our hypothesis that supply chain performance 
shortfall is a second-order construct composed of three perception gap factors, which 
negatively impacted on the performance. For a specific construct, whether should it be 
considered as a formative or reflective factor will depend primarily on the theoretical 
considerations. The most convincing test for the appropriateness of such theoretical 
consideration is the goodness of the model fit. The above analysis shows an adequate 
level of model fit. 

5 Discussions of implications 

The above analysis has led to a number of interesting theoretical issues that can be 
compared or debated with the existing body of knowledge. 

The first issue is about the significant role that psychological theory played in 
influencing the supply chain performance or performance shortfalls as defined in the 
model. Established theories about supply chain performance are largely based on their 
relationships with multiple dimensional constructs such operational design, networking 
structure, technical and finance resources, strategic fitness/effectiveness, and market 
positioning and so on. None of them, however, have factored-in the psychological effects 
such as perception differences and what they may evoke as a result. The result of the 
above analysis has at least served as strong evidence that supply chain performance 
depends on how the psychological perimeter is managed. It further raises the further 
theoretical question on whether an organisation or a supply chain can be modelled as an 
organism that has psychological emotions that in turn determines its performances. 

The second issue the above analysis provided is an underlying theoretical 
underpinning to the existing theory of supply chain integration. Why does integration 
positively contribute to the supply chain performance? The current body of knowledge 
emphasises that supply chain integration promotes sharing of knowledge and resource, 
stimulates synergy, coordinates flow of operations, synchronise the capacities and so on; 
thus integration contributes positively to the supply chain performance. The above 
modelling results show that all three levels perception gaps will engender negative 
influence on the supply chain performances, and plus that integration promotes better 
understanding, close engagement, and wider scale interfacing at the three-levels as 
discussed. Another important theoretical underpinning to the supply chain integration 
could be the closing of the perception gaps. In another words, supply chain integration do 
negate the effect of perceptions gaps and even prevent them from emergence. It can be 
further debated whether integration is actually also harmonising the ‘emotions’ of the 
‘supply chain organism’ in order to improve its event-readiness. 

How relevant is the issue of perception gaps in managerial practices? The above 
research analysis supports that it is critical to the supply chain performance. Its impact on 
customer satisfaction and overall supply chain achievement appears to be far more 
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important than we originally thought. We have now a lot more ground to argue that 
perception gap focused approach towards supply chain performance is anew way to 
understand and manage supply chain performance; not to replace but to complement 
existing theories and practices. However, it is conceivable that such renewed 
understanding may have the implications on the shift of focal area for supply chain 
performance improvement. Notwithstanding the importance of many existing 
performance improvement approaches and tools such as total quality initiatives, six 
sigma, agile supply chain, demand management, lean process, partnering and alliances, 
and etc., perception gap centred approach offers a fresh psychological behaviour 
dimension whereby one can addresses one of the root-causes of why performances are 
often fall short of customer expectation. 

There may be direct strategy and policy implications for supply chain performance 
management too. Perception gaps and their identification must be taken into account 
when high-standard supply chain performance is to be achieved. The magnitude on 
narrowing or closing the perception gaps ought to be seen as a key performance indicator 
in supplier development. Cross-communication amongst the supply chain partners to 
establish systems for objective performance measurement should be used as a policy 
instrument to improve supply chain performance. 

Cascaded from the points above, more widely associated managerial implications 
may also be explored. Although the data tested and analysed in this research were 
sourced from limited industrial sectors, the nature of the findings and their managerial 
implications appear to be generic and likely to transcend the specific domain. The logic 
of validity of this research follows a typical inductive research approach whereby general 
inferences are induced from particular instances, and a theory is developed from the 
observation of empirical reality. The following extended implications from the research 
all appear to be significantly and directly relevant to the practice of supply chain 
performance management. 

1 Whilst there is a plethora of literatures talking about information sharing, 
collaboration and congruence in between the participating members of the supply 
chain, much less have been seen to be on the actual measures of their effectiveness in 
achieving them. Perception gaps and other related measures on the differences of 
expectations could serve as the key indicators to the effectiveness of information 
sharing and supply chain wide integration. 

2 It can also be argued that the overall goal attainment of a supply chain is only 
logically possible if and only if when everyone in the supply chain have converged 
to a consistent understanding of the required performances and the harmonised 
expectations of the goals and targets. In other words, perception gaps as the major 
hindering factor in the SCM must be eradicated first or kept at minimum at a priority 
before even it is possible to address other improvement issues. 

3 Perception gaps, as a result of different expectations on the performance targets 
and/or assumed capabilities arguably will create a raft of conflicting views on how 
the operational processes should be designed and managed. This will consequently 
engender some undesirable relationship issues, and over time lead to much lowered 
level of mutual trust in between the partners. Thus, instead of generally promoting 
the importance of relationship and trust in between the partners, managers now have 
more tangible measures to get started. 
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4 If the perception differences are about the suppliers’ and buyer’s business capacities 
in terms of product design, manufacturing capacity, quality and service, then there 
could be a serious consequence on the resource planning. In other words, the 
alignment and optimisation of the supply chain structural configuration can be 
seriously compromised by the presence of the perception gaps. A poorly optimised 
supply chain alignment will only deliver lower-than-standard performance.  It may 
also affect resource allocation and cost-to-serve delivery. Perception gaps can 
therefore be the underlying hampering factor for developing deeper understanding of 
how supply chain should be integrated. 

6 Conclusions 

It can be concluded that the supply chain perception gaps have some significant causal 
relation to the performance shortfalls experienced in the supply chain management – a 
quite definitive answer to the first research question in section 1. The significance of 
causality may differ from one performance to another. However, this research 
demonstrates a substantive significance and a convincing level of correlation between the 
overall severity of perception gaps and the overall amalgamated supply chain 
performance with satisfying statistical confidences – a clear answer to the second 
research question. Both CFA and SEA analyses verified that the perception gaps are the 
latent factors that are independent, unique and non-captive in its role of influencing the 
supply chain performance. Thus the answer to the third question. This finding implies a 
new theoretical dimension whereby supply chain performance improvement could be 
better achieved in a more effective way. This dimension is the supply chain’s 
psychological behavioural dimension where human perceptions, and the conflict of them, 
could evoke emotionally charged judgement and adversarial undertaking. So far, no 
theoretical attention in supply chain performance appears to have been drawn towards 
that dimension yet. Admittedly, working on the perception gaps dimension is only 
complementary not mutually exclusive to other established theories and practices. 

There are also some limitations to the current research. The research data consists 
only of the organisations that we have prior relationship with and is not specifically 
coherent in terms of the type of business. It would be interesting to apply the similar 
research to a group of businesses in a specific business segment and specific channel 
positions to reveal more specific nature of the perception gap and their influences to the 
supply chain performance. Also, more sophisticated test and goodness of fit test could be 
applied in the model analysis to make the research more rigorous. 
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Appendix 

Survey questionnaire 

Category Label Statement Not true-----Very true 

Level-1 gap LV1_a What your suppliers’ understanding on the 
detailed quality requirement from you is 
exactly what you understand that they ought 
to be? 

1, 2, 3, 4, 5, 6, 7, 8, 9 

LV1_b What you expected from your suppliers on 
the delivery service standard is exactly what 
your suppliers perceive and understood on 
what to be expected? 

1, 2, 3, 4, 5, 6, 7, 8, 9 

LV1_c What your suppliers’ understanding on their 
own performance and capability to deliver 
long term performance is exactly the same 
as what you always perceive them to be? 

1, 2, 3, 4, 5, 6, 7, 8, 9 

Level-2 gap LV2_a For the same categories of goods and 
services, different suppliers appears to 
understand all your technical requirements 
precisely the same way and have exactly the 
same understanding on cost efficiency and 
pricing structure. 

1, 2, 3, 4, 5, 6, 7, 8, 9 

LV2_b The communication and collaboration 
within the same supply tier appears to show 
that there are no discrepancies in between 
them on the range of supply requirements 
from you. 

1, 2, 3, 4, 5, 6, 7, 8, 9 

Level-3 gap LV3_a It is evident to you as a buyer that everyone 
in the same supplier company appears to 
know precisely what their buyer expect from 
them and in precisely the same details. 

1, 2, 3, 4, 5, 6, 7, 8, 9 

LV3_b Any new development in the B2B market is 
most effectively communicated throughout 
the organisation to everyone, and difference 
in understanding of the supply requirements 
within the company never occurred. 

1, 2, 3, 4, 5, 6, 7, 8, 9 

SC 
performance 
shortfalls 

PF_a Your supply chain has been unable to 
deliver what the end-customer wants in 
terms of the value of goods and service, 
suffering largely from the lack of 
communication in the B2B market. 

1, 2, 3, 4, 5, 6, 7, 8, 9 

PF_b Your supply chain has been competing 
ineffectively in the market place, largely due 
the low standard of delivery efficiency and 
effectiveness in the B2B channel. 

1, 2, 3, 4, 5, 6, 7, 8, 9 
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Abstract: Risk is inevitable and inherent element for running any business. 
Management must be aware of the risks involved. It should evaluate the 
consequences of risks and device a risk mitigation plan accordingly; otherwise 
the business may get collapsed. For more than 20 years, supply chain 
management practices adopting lean or just-in-time (JIT) concepts to trim down 
waste within the overall supply chain. Adoption of JIT concepts in purchase 
has reduced total supply chain costs, however lead to inbuilt complexity and 
risks. One of the most significant tasks of top management is to recognise and 
address critical supply risks in JIT adoption. The objective of this paper is to 
explore and categorise significant supply risks in JIT implementation from 
buyer’s perspective. Thirty JIT supply risks have been identified and discussed 
after reviewing the relevant literature. 
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1 Introduction 

In the last years, the intensification of global competition and the crisis that has affected 
firms in many sectors have forced manufacturing companies to explore all available 
opportunities for reducing their costs, without compromising customer satisfaction 
(Danese et al., 2012). Many companies attempted to identify and transform improvement 
opportunities into business excellence with the application of lean in entire supply 
network to develop lean enterprise. Implementation of lean thinking and Japanese  
just-in-time (JIT) system has led to considerable efforts in reduction of lead time and 
inventory-related costs simultaneously (Li et al., 2012; Ben-Daya and Hariga, 2003). JIT 
and Jidoka are two main pillars of lean production system. Created at Toyota, the JIT 
philosophy is widely practiced in a gamut of industries around the world and it is shown 
to have a positive impact on company performance (Yavuz, 2013; Mackelprang and Nair, 
2010). With the development of lean supply chain (SC) concept in the 1990’s, JIT was 
implemented where suppliers were integrated into the SC and it was made possible to 
remove wastages though it was not as expected (Demisse, 2011). 

JIT aims to achieve on-time delivery and to minimise unnecessary inventory cost 
(Vanichchinchai and Igel, 2011). In the JIT integrated manufacturing system, the raw 
material supplier, the manufacturer, and the buyer work in a cooperative manner to 
synchronise JIT purchasing and selling in small lot sizes as a means of minimising the 
total SC cost (Omar et al., 2013). The JIT management seeks in-time supply and tries to 
avoid storing at the selling or marketing destinations in a system of logistics (Bai and 
Gan, 2011; Wang and Liu, 2005; Bowersox and Closs, 2002; Liu, 2001). In the JIT  
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environment, a supplier needs to adjust the production schedule to match the buyer’s 
demand (Mungan et al., 2010). Company inventory level and purchasing lead time can be 
reduced via the production and purchasing policies of the JIT system (Chiu and Chang, 
2009). As a key function of JIT manufacturing, the material delivery characterised by real 
time, accuracy and optimisation can make sure of JIT’s implementation in enterprises 
effectively and efficiently (Zhou et al., 2011). 

The demand for any product particularly motorcycles, cars, mobiles, electronic 
appliances etc. is changing very fast thanks to the advance technology, enhanced 
purchase power, status symbol and psychology of young generation. Manufacturers 
across the world are developing innovative products with wide variety to satisfy the 
demands of the modern customers. An increasing number of module variants pose a 
challenge for JIT production systems (Wagner and Silveira-Camargos, 2011).  
In technology-related market, especially buyers usually place their orders as late as 
possible to their supplier for only small lots, since the price of products are decreasing 
over time (Mungan et al., 2010). These circumstances create complexity in SC. The 
complexity of a network typically leads to higher vulnerability (Thun et al., 2011;  
Peck, 2005). The JIT SC or network complexities give rise to many supply risks.  
These supply risks may create havoc and panic situations on shop floor, if they are not 
addressed in time with appropriate manner. Therefore to implement JIT system 
successfully, it is necessary to explore, investigate and analyse the supply risks in JIT 
environment. 

The primary objective of this paper is to identify and discuss supply risks involved in 
implementation of JIT purchase system. 30 significant supply risks have been identified 
after reviewing literature as well as considering the opinion of experts from both the 
industry and academia. The industry experts means the SC and lean/JIT practitioners like 
purchase managers, lean/SC consultants, professional trainers, and project facilitators etc. 
and academic experts means faculty members who are teaching supply chain 
management (SCM), lean/JIT systems, and allied subjects in engineering or management 
institutes. 

The distinctive contribution of this research lies in identification, compilation, 
categorisation and presentation of JIT supply risks in the form of fishbone diagram.  
The basic structure of classification system for supply risks in JIT implementation  
which is adopted from the SCM literature. However, the classification is adapted, 
organised, well structured and presented in unique format (tabular form and  
fishbone diagram) in JIT domain which is not published earlier in the literature. The 
classification may act as a guide for JIT SC practitioners to design appropriate strategies 
to overcome supply risks in the implementation of JIT purchase system using various 
techniques like failure mode and effect analysis (FMEA) and Hoshin Kanari policy 
deployment. 

The paper is further organised as follows. Section 2 discusses the research 
methodology. Overview of literature review is presented in Section 3. Section 4 covers 
identification of supply risks in JIT implementation which is followed by discussion in 
Section 5. Concluding remarks are presented in Section 6. The limitations are mentioned 
in Section 7 and directions for future work are provided in the Section 8. 
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2 Research objectives and methodology 

2.1 Research objectives 

Published research papers have covered diverse domains of lean SC or network. Research 
on JIT and lean has generally investigated modelling, simulation, case studies and their 
impacts on the production system separately. Nevertheless, there has not been a dedicated 
study on the supply risk associated with JIT and lean systems. 

The prime objective of this paper is to identify and discuss supply risks involved in 
successful implementation of JIT from buyer’s perspective. The secondary objective is to 
prepare a foundation for further research specifically development of mitigation strategies 
for supply risk in JIT implementation and analysing the interactions between JIT supply 
risks. In this research study, research factors are the JIT supply risks. 30 significant JIT 
supply risks have been identified after reviewing literature. 

2.2 Research methodology 

This work can be characterised as a theoretical concept, specifically for review of 
literature on risks in the implementation of JIT Purchase system. The study is exploratory 
in nature, which constitutes a secondary source. Extensive literature exists in the field of 
TPS, JIT and lean. 

Following criteria are used for selection of literature: 

• literature published on Toyota production system (TPS), JIT and lean 

• specific focus on literature published from 1991 to 2013 

• journals on TPS, JIT and lean in their editorial scope 

• survey reports published on lean and TPS by professional agencies 

• web articles on TPS, JIT and lean 

• articles published in reputed referred scholarly journals, working papers, master 
theses and doctoral theses 

• articles discussing issues and risks in JIT Purchase system in manufacturing sectors 

• articles addressing issues related to the problems in JIT implementation 

• keywords used in the article: 

a primary keywords: JIT, lean supply chain, SCM, lean enterprise and TPS 

b secondary key words: supply risk, uncertainties, vulnerability, challenges, 
barriers, lack of, failure, obstacles, pitfalls, stumbling blocks, limitations, 
constraints, success factors, enablers and benefits. 

Detail information of literature search is given in Table 1. 
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Table 1 Detail of literature search 

Time 
period Search engines Primary keywords 

Secondary keywords 
Keywords  
group 1 

Keywords  
group 2 

From 
1991 to 
2013 

• Elsevier 
Science Direct 

• Emerald 

• Taylor & 
Francis 

• Springer 

• IEEE Xplorer 

• Google Scholar 

• World 
Scientific 

• Lean 

• Lean 
manufacturing 

• Lean production 

• Lean management 

• Lean supply chain 
management 

• Lean thinking 

• Lean enterprise 

• Toyota production 
system 

• Supply risk 

• Uncertainties 

• Vulnerability 

• Challenges 

• Barriers 

• Lack of 

• Failure 

• Obstacles 

• Pitfalls 

• Stumbling 
blocks 

• Limitations 

• Constraints 

• Success 
factors 

• Enablers 

• Benefits 

The flow chart of research methodology used in this study is shown in Figure 1. 

Figure 1 Methodological approach to study (see online version for colours) 
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The literature review was augmented by the use of online computerised search  
engines like Elsevier Science Direct, Emerald, Taylor & Francis, Springer, IEEE Xplorer, 
Google Scholar and Bing using keywords or terms those are often used in the literature to 
describe lean/JIT related principles and practices and were therefore deemed to  
be the most relevant primary search keywords such lean, lean manufacturing, lean 
production, lean management, lean supply chain management, lean thinking, lean 
enterprise, Toyota production system and secondary keywords like supply risk, 
uncertainties, vulnerability, challenges, barriers, lack of, failure , obstacles, pitfalls, 
stumbling blocks, limitations and constraints. Literature was selected from journals in the 
domain of production planning and control, production research, production 
management, operations management, manufacturing technology management, services 
and operations management, SCM, logistics management, project management, 
leadership and organisational development and human resource management. In addition 
to these articles, master theses, doctoral theses as well as survey reports by professional 
agencies like Forrester Research, Aberdeen and Canadian Manufacturers and Exporters 
(CME) are also included after scanning the reference sections of the initially selected 
papers. The ultimate list of articles reviewed for this paper covers articles published in 
reputed referred scholarly journals. 

Based on this review, the articles that met the criteria of addressing issues related to 
supply risk in JIT implementation and presented a model, framework, strategy were 
selected. A survey of literature was carried out on the basis of editorial scope and 
contents of the journals and a list of journals was compiled. Journals stating in their 
editorial scope such as JIT, lean and TPS were selected. A comprehensive review of the 
table of content of the journals, abstracts, and where ever necessary review of the 
complete paper was carried out. Literature review primarily focused on JIT, lean and TPS 
implementation in manufacturing sector like automotive, aerospace, machine tools, heavy 
industries, hi-tech industries and electrical as well as electronic industries and secondarily 
on other sectors like human resource, food industries, relationship management, SCM, 
transportation, healthcare and construction. 

3 Literature review 

While outsourcing, lean manufacturing, JIT etc. have proved to be some of the best 
business strategies to help minimise cost and free the leaders to focus on core 
competencies, these strategies have also stretched SCs to its breaking point (Sathe, 2013). 
Without realising it, your company’s best intentions to become a fierce competitor can 
leave your company vulnerable (Bosman, 2006). Consequently, in association with lean 
purchasing models, new dimensions of supply risks have emerged (Günl and Staudinger, 
2012). Besides complexity, the need for a lean SC acts as a driver for SC risks as well 
(Thun and Hoenig, 2011). In addition, the leaner and more integrated SCs become, the 
more likely it is that uncertainties, dynamics and accidents in one link will affect other 
links in the chain (Basu et al., 2008; Norrman and Jansson, 2004). According to Schmitt 
and Singh (2012), the susceptibility of SCs to disruption risk is increased by global 
growth and certain business initiatives such as JIT. After years of emphasis on leanness 
and responsiveness businesses are now experiencing their vulnerability to SC 
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disturbances (Vlajic et al., 2012). Engardio (2001) points out that the ‘boasts’ of lean 
manufacturing and JIT SCs have disguised some of the risks involved (Jüttner, 2005). 

Obviously risks have hostile bearing on performance of organisations, which result in 
higher total costs and poor system efficiency. Nevertheless, the risks associated with JIT 
are often unheeded and thrust bad effects on the system or processes disrupting the entire 
SC. According to the literature review related to JIT, all developed models were used to 
reduce either cost or risk independently. Therefore, risks should be assessed by 
identifying, evaluating and measuring them, in order to reduce the undesired effects they 
cause within these organisations (Dabee et al., 2013). 

JIT SC strategy and SC risks are two sides of the same coin. References to JIT 
material flow in the SC context are scarce, but are increasing during last years  
(González-R et al., 2013). Simchi-Levi et al. (2002) discuss the risk involved in a JIT 
system because those systems typically lack flexible options if something goes wrong. 
Some aspects of SCM, such as JIT, have been widely researched, but the conceptual basis 
for SC risk in the sense that it is applied here – i.e., vulnerability – is immature (Peck, 
2005; Svensson, 2002). Academics striving to improve conceptual clarity in the study of 
SC risk have latterly sought to make distinctions between ‘sources’, ‘drivers’ and 
‘outcomes’ or ‘consequences’ of risk (Peck, 2005; Jüttner et al., 2003). Judging from the 
growing number of papers in research journals and various stories in professional 
magazines, SC risk management is a field of growing important (MeiDan et al., 2011; 
Trkman and McCormack, 2009). The findings of the online survey conducted from more 
than one hundred Indian companies in the field of automobile manufacturing, machinery, 
service industries, FMCG/retail, chemicals, etc. by Ketkar and Vaidya (2012) indicates 
that more than 90% of the respondents are of the opinion that a research in supply risk 
management is useful to them. Although SC risk management has drawn attention in the 
past years, there is a lack of work on this subject matter. However, a research gap still 
exists for identifying and investigating supply risks in JIT environment in holistic and 
systematic manner. 

4 Supply risks in JIT implementation 

Extension of concepts of lean to the upstream and downstream of focal company  
created new integrated strategy called as lean SC. However, with each change comes  
risk, most often a multitude of different risks and not all visible. This is the reality  
of the new, leaner, JIT organisational model (Lynch, 2009). In JIT or lean SC risk at 
upstream is termed as supply risk whereas the risk at downstream is called as demand 
risk. 

“Supply risk is defined as the probability of an incident associated with inbound 
supply from individual supplier failures or the supply market occurring, in which its 
outcomes result in the inability of the purchasing firm to meet customer demand or cause 
threats to customer life and safety” (Kull and Closs, 2008; Zsidisin, 2003). Supply risk 
relates to potential or actual disturbances to the flow of product or information emanating 
within the network, upstream of the focal company (Peck et al., 2003; LCP Consulting, 
2003). 
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4.1 Classification of supply risk in JIT implementation 

According to Christopher et al. (2011) there are several studies on global SC, however 
research into the categorisation of, and tools and strategies to mitigate global supply risk 
is scarce. Similarly research related to categorisation of, and tools /techniques and 
strategies to mitigate JIT or lean supply risk is very rare. 

In this paper, supply risks in JIT implementation have been compiled from reviewing 
the literature and through discussion with SC practitioner to develop a supply risk 
classification system. This study focuses on supply risks in JIT implementation. List of 
the internal and external supply risks in JIT implementation identified from the literature 
review is provided in Table 2 and Table 3 respectively. This paper excludes risks like 
natural disasters, political risk, brand reputation, intellectual property etc. which are 
present outside the SC. 
Table 2 Internal supply risks in JIT implementation 

Category Risk factors References No. of 
references 

Total no. of 
references 

Management • Lack of planning by 
buyer 

  08 

• Loss of information/ 
miscommunication 
with stakeholders 

Günl and Staudinger 
(2012) 

01 

• An absence of 
supplier’s performance 
measure 

LCP Consulting (2003) 01 

• Unpredictability of the 
sales planning 

Günl and Staudinger 
(2012) 

01 

• Lack of adequate 
planning 

Wu and Blackhurst 
(2009) 

01 

• Demand forecasting 
error 

Startseva (2011) 01 

• Dependence on small 
supplier base 

LCP Consulting (2003) 01 

• Risk of  
over-buying or  
under-buying 

Dong et al. (2001) 01 

• Excess inventory and 
inventory shortage 

Ross (2011) 01 

Production • Production delays Oral et al. (2003) 01 07 

• Production stoppage Günl and Staudinger 
(2012), Thun et al. 
(2011), Lam and van de 
Voorde (2011), Wu et al. 
(2006), Pochard (2002) 
and Simchi-Levi et al. 
(2002) 

06 
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Table 2 Internal supply risks in JIT implementation (continued) 

Category Risk factors References No. of 
references 

Total no. of 
references 

Inventory • Stock out risk Wu et al. (2013), 
Bortolotti et al. (2013), 
Griffiths et al. (2000), 
Stratton and Warburton 
(2003) and Agarwal et al. 
(2006) 

05 06 

• Sudden material 
shortage 

Handfield (1993) 01 

Human 
resource 

• Uncertainty of labor 
skills and a reduction 
of management talent 

Giunipero and Eltantawy 
(2004) 

01 02 

• Personal shortages Günl and Staudinger 
(2012) 

01 

Table 3 External supply risks in JIT implementation 

Category Risk factors References No. of 
references 

Total no. of 
references 

Supplier • Part of supply base is 
financially unsound 

LCP Consulting (2003) 01 34 

• Financial instability of 
a supplier 

Larson and Kulchitsky 
(1998) 

01 

• Unprofitable suppliers Giunipero and Eltantawy 
(2004) 

01 

• Limited resources Wu and Blackhurst 
(2009) 

01 

• Quality problems Jiang et al. (2009) and 
Zsidisin et al. (2000) 

02 

• Non-functioning parts 
and products 

Nakashima and Gupta 
(2012) 

01 

• Low-level quality of 
components and parts 

Xia and Chen (2011) 01 

• Failure of vendors to 
deliver ordered 
components 

Günl and Staudinger 
(2012) and Wu et al. 
(2006) 

02 

• Pricing risks Günl and Staudinger 
(2012) 

01 

• Risks of collaboration, 
or involvement of 
supplier and producer 

Verville et al. (2011), 
Wagner and  
Silveira-Camargos 
(2011), Wagner and 
Bode (2006), Mikkola 
and Skjoett-Larsen 
(2003) and Littler et al. 
(1995) 

05 
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Table 3 External supply risks in JIT implementation (continued) 

Category Risk factors References No. of 
references 

Total no. of 
references 

 • Suppliers access to 
information 

McCutcheon and Stuart 
(2000) 

01  

• Losing proprietary 
knowledge 

Verville et al. (2011) 01 

• Low supplier 
sophistication on 
planning and 
forecasting 

LCP Consulting (2003) 01 

• Supplier’s labour 
problems 

  

• Supplier capacity 
constraints 

Giunipero and Eltantawy 
(2004) and Zsidisin et al. 
(2000) 

02 

• Capacity shortages Jiang et al. (2009) 01 

• Supplier cannot raise 
the capacity 

Günl and Staudinger 
(2012) 

01 

• Long supplier lead 
time 

Giunipero and Eltantawy 
(2004) and LCP 
Consulting (2003) 

02 

• Poor adherence to 
schedule and supply 
order completion 

LCP Consulting (2003) 01 

• Supplier insolvency 
risks 

Günl and Staudinger 
(2012) 

01 

• Credit risks Lynch (2009) 01 

• Supplier bankruptcy Günl and Staudinger 
(2012) and Zsidisin et al. 
(2000) 

02 

• Catastrophic SC 
disruption 

Basu et al. (2008), Yang 
(2007), Foulkes (2004) 
and McGillivary (2000) 

04 

Finance • High inflation rates Oral et al. (2003), Peck 
(2005) and Norris (1994) 

03 03 

Global 
environment 

• Risk of fluctuating 
currency exchange 
rates 

Günl and Staudinger 
(2012), Thun et al. 
(2011), Peck (2005) and 
Zsidisin et al. (2000) 

04 04 

Infrastructure • Disturbances in 
logistic 

Vlajic et al. (2012), 
Lynch (2009), Basu et al. 
(2008), Dong (2006) and 
Kleindorfer and Saad 
(2005) 

05 05 
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Table 3 External supply risks in JIT implementation (continued) 

Category Risk factors References No. of 
references 

Total no. of 
references 

Customer • Unforeseen dropping 
of demand 

Günl and Staudinger 
(2012) 

01 05 

• Steep increase of 
volume demand 

Günl and Staudinger 
(2012) 

01 

• Fluctuations in 
demand 

Lee et al. (1997) 01 

• Demand uncertainty Dίaz (2005) 01 

• Unpredictability of 
demand 

Giunipero and Eltantawy 
(2004) 

01 

Technology • Technological 
changes 

Günl and Staudinger 
(2012), Cheng (2011), 
Peck (2005), Hallikas et 
al. (2004) and Zsidisin et 
al. (2000) 

05 06 

• Non-implementation 
of technological 
changes 

Giunipero and Eltantawy 
(2004). 

01 

Table 4 Frequency of citation of JIT supply risks in literature review 

 Category Total no. of references 
Internal Management 8 
 Production 7 
 Inventory 6 
 Human resource 2 
External Supplier 34 
 Finance 3 
 Global environment 4 
 Infrastructure 5 
 Customer 5 
 Technology 6 

The information provided in Table 2 and Table 3 is consolidated in Table 4. The 
graphical representation of information is illustrated in Figure 2 (Frequency of citation of 
JIT supply risks in literature review). 

With respect to focal company, supply risks for JIT purchase are classified as internal 
and external types of risks based upon the inputs from literature review and discussion 
with practitioners. The risks erupted from sources within the focal company are termed as 
internal risks. Whereas the risks generated from sources outside the focal company are 
termed as external risks. Internal risks include human resources, management, production 
and technology. External risks include customers, suppliers, infrastructure, finance and 
global environment (Refer to Figure 3: Classification of supply risks in JIT 
implementation). Wu et al. (2006) sub-classified inbound supply risks as: 
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1 internal: controllable, partial controllable and uncontrollable 

2 external: controllable, partial controllable and uncontrollable. 

Figure 2 Frequency of citation of JIT supply risks in literature review (see online version  
for colours) 
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Figure 3 Classification of supply risks in JIT implementation (see online version for colours) 
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The classification of JIT SC risks is adapted from Christopher (2005), Christopher and 
Peck (2004) and Mason-Jones and Towill (1998). JIT SC risks are classified into five 
groups: operational or process risk; process control risk; demand risk; supply risk; and 
JIT environmental risk. The first two risk groups relate to factors which are internal to the 
focal company, the third and fourth are related to factors internal to the JIT SC, but 
external to focal company and the fifth group relates to factors external to the JIT SC. 
The relationship between the five groups is depicted in Figure 4. 

Figure 4 Relationship between JIT SC risks (see online version for colours) 

 

Source: Adapted from Mason-Jones and Towill (1998) and Christopher and 
Peck (2004) 

Figure 5 Hybrid Keiretsu-Kraljic purchasing portfolio matrix (see online version for colours) 

 

 

Source: Adapted from Elmoselhy (2013) 
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The classification may be useful for the purchase executives to identify the type of supply 
risk factors clearly in order to devise strategies to tackle, mitigate or eliminate supply 
risks and for supplier selection using FMEA, balance score cards, Hoshin Kanari policy 
deployment and hybrid Keiretsu-Kraljic purchasing portfolio matrix (refer to Figure 5) 
developed by Elmoselhy (2013) which is based on Kraljic (1983) comprehensive 
purchasing portfolio approach and Japanese Keiretsu relation approach. In general, the 
purchasing portfolio models to aim at developing and implementing differentiated 
purchasing strategies. Their general idea is to minimise supply risk and make the most of 
buying power (Elmoselhy, 2013). 

4.2 Description of supply risks in JIT implementation 

The Supply risks in JIT implementation are described in this sub-section as follows: 

4.2.1 Lack of planning by buyer 

Production planning is influenced by demand forecasts and quantity of safety stock 
required. Growing small manufacturing organisations used the projected demands of the 
existing customers for material and manpower planning. They also plan the production 
schedule to match the JIT supply needs of their customers (Majumdar, 2007). Production 
has to be planned so as to utilise as much plant capacity and spend as little transition time 
as possible (Kadipasaoglu et al., 2008). Identification and selection of the most preferred 
distribution channels or networks is another significant planning task. 

Lack of planning may result in heavy financial loss to the buying company which 
jeopardises its existence. System support is essential to reduce supply vulnerability. Such 
support might include integration of purchasing systems with other corporate systems, 
such as liquidity planning, and/or with the corresponding planning and disposition 
systems of key suppliers (Kraljic, 1983). ‘Kanban’ is one such system practiced by many 
companies like Toyota, Nissan, DuPont Textiles (US), FedEx etc. effectively for limited 
or controlled stock or work in process inventories (WIP) production. 

4.2.2 Loss of information/miscommunication with stakeholders 

In today’s highly competitive, risk-prone economic environment the importance of 
timely, accurate, and complete information has become the mantra for competitive 
advantage (Ross, 2011). Exchange of information and knowledge is beneficial for both, 
the buying firm and the entire supply network (Günl and Staudinger, 2012; Hallikas et 
al., 2004). One critical success factor is the internal communication and the information 
exchange about risks between the different functions (Günl and Staudinger, 2012; Eades 
et al., 2010). The loss of important information through miscommunication between the 
involved employees must be avoided, and data have to be forwarded to the responsible 
persons (Günl and Staudinger, 2012). 

4.2.3 An absence of supplier’s performance measure 

Vendor ratings and vendor quality ratings play significant role in vendor selection. The 
capabilities of suppliers to provide specified quality product or material at reasonable 
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price, in right quantity, at right time and at designated place are of paramount importance 
in JIT purchase. 

Monitoring the quality and delivery performance of vendors over time is an integral 
part of supplier ‘benchmarking’. The ability to measure performance is critical when 
evaluating the capabilities of competing suppliers and ensuring that costs, delivery, and 
collaborative targets are being attained (Ross, 1996, 2011). Absence of supplier’s 
performance measure is the roadblock in development of small, reliable, resilient, and 
quality certified supplier’s base for JIT purchase. 

4.2.4 Unpredictability of the sales planning 

The planning process includes demand forecasting which is mainly based on historical 
order data and supply planning which creates a supply commitment from components 
suppliers (Wu and Blackhurst, 2009). 

Planning may be perfect or error free if the demand is stable and repetitive. The 
demand patterns for most of the discrete items are stochastic. They are not repetitive in 
most of the cases. Only a small percentage of such items have quality certified suppliers. 
Hence, these items are not easily amenable to JIT mode of supply (Roy and Guin, 1999). 
A further problem that impacts the purchasing performance is the growing 
unpredictability of the sales planning (Günl and Staudinger, 2012). 

4.2.5 Demand forecasting error 

In traditional make strategies, large amounts of inventory are used as safety stock. 
Especially for companies with large spikes in demand, the elimination of safety stock to 
offset inaccurate demand forecasts can cause out of stock problems (Scott et al., 2011). 
Given the high cost of holding inventory and the importance of product availability, an 
important task of the SC manager is forecasting (Kadipasaoglu et al., 2008). Today’s 
interdependent and lean SCs as well as a fiercely competitive global marketplace leave 
little space, or time, for error (Lynch, 2009). Demand forecasting influences material 
supplies and final goods and materials stock levels (Startseva, 2011). Safety stocks have 
to increase due to poor forecasting. Forecast error is one of the prime causes in under 
stock or over stock of materials. Forecast errors create great adverse impact on the 
production. Erroneous forecasts induce inefficiencies in the SC. Hence by default, bad 
forecasting means financial losses. 

Consistent regular forecasting can improve the planning of inventories, materials and 
all processes, increase effectiveness and development of contingencies and preparations 
for unexpectedness (Startseva, 2011). Forecasting procedures reduce the variation in 
systems processes in their connection with suppliers and customers in the external SC 
(Palevich, 2012). Companies with supreme forecasting practices certainly bring less risk 
exposure to the SC (Startseva, 2011). 

4.2.6 Dependence on small supplier base 

Well-tuned lean SC depends a lot upon limited number of known third party suppliers 
while enabling reductions in price and administrative costs. One of the key mantras of 
lean – single sourcing – while enabling reductions in price and administrative costs can 
also increase the vulnerability of SCs if the supplier cannot perform or even goes out of 
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business (Ross, 2011). JIT also may not be feasible if a company is dependent on an 
unresponsive supplier for key components (Fisher et al., 1994). 

In modern era, organisations adopted some top level vertical or horizontal 
consolidation strategies like mergers, acquisition, strategic partnerships, etc., to 
strengthen their strategic and competitive position in the global market. This may lead to 
overnight swing in the power equation in supplier-customer liaison. Hence it offers 
limited number of supplier options to the buying organisation, i.e., customer. Worse still, 
an organisation may suddenly find that a sole supplier is now the property of a competitor 
(Peck, 2005). High risk may exist for the customer in case of unfavourable outcome after 
post consolidation. 

4.2.7 Risk of over-buying or under-buying 

Of all the risks before a SC, the twin problems of excess inventory and inventory 
shortage are perhaps the most damaging (Ross, 2011). As buying companies work 
towards JIT production and delivery and seek to reduce their risk of over- or under-
buying (Dong et al., 2001), they often deliberately defer a purchase decision until the last 
possible moment in order to better understand what their competitors might do and to 
better meet current demands of their own customers, either in terms of volume or product 
specification (Ashida and Plinke, 2004). 

4.2.8 Production delays 

The risk of production delays due to the possibilities of late deliveries by suppliers was 
the primary reason for keeping material inventories (Oral et al., 2003). Production delays 
may be due to logistic problems, variation in process or any other assignable causes 
related to man, machine, material, method, measurement, management etc. 

4.2.9 Production stoppage 

According to Simchi-Levi et al. (2002), in the event of an unforeseen disaster, adherence 
to JIT type of strategy could result in a shutdown of the production lines because of lack 
of parts inventory. According to Lam and van de Voorde (2011), many manufacturers are 
practising JIT production, and any delays in the supplies will result in costly stock-outs 
and production halt. The risk of production stoppage is very severe. Supply disruptions 
can cause the stoppage of production lines and inaccurate order fulfilment, which leads to 
dissatisfaction of customers (Günl and Staudinger, 2012; Wu et al., 2006; Pochard, 
2002). Disruptions to production or changes in the stock of the many individual orders 
often call for change of plans. JIT and just-in-sequence (JIS) techniques require high 
transparency with regards to WIP by both the company and suppliers (ElMaraghy et al., 
2013). 

4.2.10 Stock out risk 

The use of JIT methodology exposes goods to a greater risk of stock outs and, in general, 
to delivery problems, because it avoids inventories and overproduction that are 
recognised as the main solutions when customer demand suddenly increases (Bortolotti  
et al., 2013; Agarwal et al., 2006; Stratton and Warburton, 2003; Griffiths et al., 2000). 
JIT replenishment assumes that the raw material or parts are supplied within the customer 
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lead time by vendors. One risk associated with JIT includes the fact that late deliveries 
can result in sudden material shortage (Handfield, 1993). The supplier is doing a better 
job of demand forecasting if the turns are going up (more sales for less inventory) and the 
out of stocks are going down (more revenue with less inventory) (Palevich, 2012). 

4.2.11 Human resource shortages 

Management tenures are shrinking with all the downsizing actions taken by corporations. 
This results in increased uncertainty of labour skills and a reduction of management 
talent in many organisations (Giunipero and Eltantawy, 2004). 

A major risk for the secure supply of goods is steep increase of volume demand. 
Those can lead to raw material shortages and/or personal shortages, because suppliers 
along the SC cannot raise the capacity in this pace (Günl and Staudinger, 2012). 

4.2.12 Part of supply base is financially unsound 

The severity of SC failures are more felt by small and medium enterprises (SMEs) who 
form the majority at tier II and tier III levels of a SC. This is because of the limited 
resources and lack of adequate planning to counter SC risks (Wu and Blackhurst, 2009). 

Additionally, SC professionals are faced with business risks associated with the 
financial instability of a supplier. With the increased reliance on outsourcing financial 
stability of suppliers, who influence a major portion of firms’ costs, becomes more 
critical (Larson and Kulchitsky, 1998). If suppliers are unprofitable, they become a 
greater risk. Particularly when there are no alternative sources and new sources must be 
found and developed (Giunipero and Eltantawy, 2004). 

4.2.13 Quality risk 

According to Thun et al. (2011), common occurrences such as quality problems with 
suppliers highlight the relevance of SC risk management, since one part with a quality 
defect can stop an entire assembly line. Quality problems and capacity shortages can 
easily lead to delays in the SC (Jiang et al., 2009). Nakashima and Gupta (2012) 
mentioned some risk factors including non-functioning parts and products in a closed 
loop manufacturing under the JIT condition. According to Xia and Chen (2011), a  
low-level quality of components and parts in procuring process will decrease the outcome 
of production, affect consumer experience, and speed up the obsolescence of products. 
The failure of vendors to deliver ordered components with the required specification not 
only influences the company itself, but also the supply firms’ SC performance (Günl and 
Staudinger, 2012; Wu et al., 2006). Failures on SC structure and operational process 
design are the very reason of a low-level flexibility (Graves and Tomlin, 2003), which is 
the obstacle to enforcing JIT and vendor management inventory (VMI) (Xia and Chen, 
2011). 

4.2.14 Pricing risks 

The fluctuating raw material prices and the escalating costs for electricity and other 
utilities lead to pricing risks. Therefore, the efficient planning and management of raw 
material prices is essential (Günl and Staudinger, 2012). 
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4.2.15 Risks of collaboration, or involvement of supplier and producer 

In a JIS buyer-supplier relationship the degree of tight coupling increases the risk 
exposure of the buying firm (Wagner and Silveira-Camargos, 2011, Wagner and Bode 
2006). Clearly, there are risks in giving suppliers access to information and in developing 
dependence on them (McCutcheon and Stuart, 2000). Risks of collaboration, or 
involvement of supplier and producer, include loss of control or ownership, prolonged 
design and development time, degenerated goals, and possibility of rivalry at the end of 
partnership with the cooperated supplier (Verville et al., 2011; Mikkola and Larsen, 
2003; Littler et al., 1995). The possibility of a supplier passing trade secrets to 
competitors is another risk. Other disadvantages, mentioned by Mikkola and Larsen 
(2003) include “the risk of losing proprietary knowledge, hollowing out internal 
competencies, eased accessibility for competitors to copy or acquire key technologies, 
increased dependence on strategic suppliers, and increased standardisation of components 
through specified interfaces” (Verville et al., 2011). 

4.2.16 Low supplier sophistication on planning and forecasting 

Purchase managers always try to optimise the cost, quality and delivery for input required 
for production. Use of information technology (IT) is unavoidable to achieve this 
objective. According to Kadipasaoglu et al. (2008) most polymer manufacturers utilise 
decision support systems (DSS) with some degree of sophistication to help improve 
forecasting and demand management, distribution network planning, production and 
distribution planning, and scheduling. The IT tools like electronic data interchange (EDI); 
enterprise resource planning (ERP) systems; the use of the internet for research; online 
auctions and internet purchases; intranets; extranets etc. were studied in the research 
carried out by Ellram and Zsidisin (2002). Kadipasaoglu et al. (2008) discussed about the 
DSS and its interactions with the ERP and manufacturing execution systems (MES), and 
the database via extract/transform/load (ETL) integration tools. 

4.2.17 Supplier’s labour problems 

High labour turnover or labour problems at supplier’s firm result in inferior quality 
production, low productivity and incomplete orders. Supplier’s labour problems may lead 
to delays and shortage in the downstream SC. 

4.2.18 Supplier capacity constraints 

Supplier capacity constraints result in the inability to supply the quantities demanded by 
purchasers (Giunipero and Eltantawy, 2004). Based on the strong and unexpected 
increase of sales, such as it happened in the commercial vehicle sector in 2010, suppliers 
can have the problem of not being able to raise the production capacity (Günl and 
Staudinger, 2012). Other capacity risks include volume/product mix requirement 
fluctuations that result from the increased customers’ sophistication and the 
unpredictability of demand and process technological changes (Giunipero and Eltantawy, 
2004). 
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4.2.19 Long supplier lead time 

Dell Computer Corporation developed the capability to assembled personal computers 
quickly in response to customers’ orders but found that ability constrained by component 
suppliers’ long lead times (Fisher et al., 1994). Shorten the lead-time is always the 
requirement of brand customers. Today, the lead-time has become the most important 
factor to determine the unit price obtained by manufacturers (Luh and Luh, 2003). 
Increased distance adds uncertainty to supply continuity through longer lead times and 
potential transportation disruptions (Giunipero and Eltantawy, 2004). With long lead 
times, it will be necessary to allocate additional safety stocks to account not only for the 
demand uncertainty, but also for the replenishment process (Dίaz, 2005). 

4.2.20 Poor adherence to schedule and supply order completion 

Supply disruptions due to any reasons lead to derailment of schedule. Hence hamper the 
completion of supply order. 

4.2.21 Supplier insolvency risks 

Credit insurance protects your organisation against default or insolvency – the credit risks 
you live with – and may even include a political risk clause when you rely on suppliers in 
countries subject to the threats of currency exchange losses, political instability, and 
expropriation of private assets by the government (Lynch, 2009). 

4.2.22 Supplier bankruptcy 

During the crisis the high inventory level was one of the major threats for suppliers to 
declare bankruptcy, because there was no demand for their parts. Especially the threat of 
supplier bankruptcy has risen because of the changing demand (Günl and Staudinger, 
2012). 

4.2.23 Catastrophic SC disruption 

With globalisation, outsourced production operations have become more exposed to 
worldwide disturbances, making JIT users increasingly vulnerable to risks of disruption 
amongst suppliers, no matter how small or how distant (Foulkes, 2004). Svensson (2000) 
defined disturbance as “a deviation that causes negative consequences for the firm 
involved in the supply chain” (Vlajic et al., 2012). Melnyk et al. (2009) on the other hand 
defined SC disturbance from an operational viewpoint as the output of a chain of events 
triggered by an unexpected event at one point in the SC that adversely affect the 
performance of one or more components located elsewhere in the SC (Vlajic et al., 2012). 

While it has long been recognised that reducing inventory buffers is an excellent 
means of cost savings in the short-run, such strategies also place risk on operations when 
catastrophe hits (Basu et al., 2008). The adoption of the lean approach to SCM has 
created more rigid SCs for some organisations that can easily be overwhelmed and  
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paralysed by chain disruptions (Blanchard, 2012). Yang (2007) mentioned that 
essentially, under JIT, a minor disruption in the SC can grind manufacturing to an 
expensive halt (McGillivary, 2000). 

The trend towards lean SCs results in low inventories achieved by close collaboration 
with customers and suppliers on the one hand, but leads to high vulnerability on the other 
hand since turbulences in the SC can barely be compensated without safety stocks (Thun 
and Hoenig, 2011). 

4.2.24 High inflation rates 

JIT implementation involves the risk of motivating inflation; as in cases of material 
shortages, the suppliers may tend to increase prices (Oral et al., 2003; Norris, 1994). 
Purchasing practices such as target costing, applied in situations of high inflation or 
economic volatility, could mean more bankruptcies and swift shifts in power-
dependencies (Peck, 2005). 

4.2.25 Risk of fluctuating currency exchange rates 

Macroeconomic vacillations – whether due to war worries, currency fluctuations or other 
cyclical downturns – have far reaching consequences for levels of demand, pricing, and 
purchasing policies (Peck, 2005). Procurement risk refers to unanticipated increases in 
acquisition costs resulting from fluctuating exchange rates or supplier price hikes 
(Chopra and Sodhi, 2004). Furthermore, international business relationships due to 
globalisation imply transportation, cultural or exchange rate risks that require companies 
to deal with SC risk management (Thun et al., 2011). 

4.2.26 Disturbances in logistic 

Logistics is perhaps the most complex of SC risks, for numerous reasons. Many 
vulnerability, such as customs and trade restrictions, language barriers, differences in 
regulation, exchange rate fluctuations, natural perils, affect what used to be a fairly 
simple fulfilment cycle (Lynch, 2009). Components can be supply directly to the 
assembly lines in JIT production based on fixed production schedules with little peril in 
transportation and a steady supply schedule. Transportation is one of the most critical SC 
functions, and has the potential to bring JIT SCs to an abrupt halt when something 
unexpected happens (Basu et al. 2008). According to Simchi-Levi et al. (2002), in the 
event of an unforeseen disaster, adherence to JIT type of strategy could result in a 
shutdown of the production lines because of lack of parts inventory. Lean SCs without 
much inventory are more vulnerable to disturbances in logistic processes, which mean 
that they might be less consistent in their performance, i.e., are less robust (Vlajic et al., 
2012; Dong, 2006; Kleindorfer and Saad, 2005). 

4.2.27 Unforeseen dropping of demand 

Günl and Staudinger (2012) mentioned that one respondent from a global automotive 
supplier argues that the main risk in the volatile economy is the unforeseen dropping of 
demand. One of the main risks was the sharply decreasing order volume in the SC. 
Automotive manufacturers cancelled orders and shifted the problem to the first tier 
suppliers (Günl and Staudinger, 2012). 
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4.2.28 Steep increase of volume demand 

Günl and Staudinger (2012) reported that the respondents from a company (manufacturer 
of mechanical, pneumatic and electrical components to the commercial vehicle sector) 
stated that the risk of supply disruptions as a consequence of steep increases of volume 
demands has grown significantly in recent years. 

4.2.29 Fluctuations in demand 

A fluctuation in demand is erupted as the downstream customer varies the demand in 
terms of quantity and delivery time. Risk of inventory stock outs or surplus inventory 
may arise due to high degree of demand or low degree of demand respectively. Moreover 
lacks of communication and coordination among SC stakeholder have catastrophic 
effects on the upstream ordering processes. Demand variation introduces complexity in 
supply network. The common belief is that JIT implementation is not much beneficial in 
discrete and repetitive manufacturing due to dynamic ‘tact time’ thanks to demand 
fluctuations. Fluctuations in demand may tax a supplier beyond its abilities through 
insufficient utilisation of equipments and employees (Giunipero and Eltantawy, 2004; 
Lee et al., 1997). Demand uncertainty refers to how difficult it is to forecast demand - not 
just how variable the demand is (Dίaz, 2005). 

4.2.30 Technological changes 

If a supplier cannot implement technological changes in the long term, that supplier may 
not be able to produce items to necessary demand level and at a competitive price 
(Giunipero and Eltantawy, 2004). According to Peck (2005), technological developments 
can affect demand for existing products, cause uncertainty with the launch of new ones. 
In present global competition, many innovative products are introduced in the market at 
rapid pace with trend of superior technologies. The characteristics of these innovative 
products are user friendly, versatile, short life cycle, unpredictable demand, and high 
profit margin. The probability of inventory obsolescence is high due to short life cycle 
thanks to superior technologies. The business loss to the rivals due to stock outs owing to 
unpredictable demand is also high. For these reasons, innovative products require 
responsive SCs capable of fulfilling all the demand while keeping safety stocks low 
(Dίaz, 2005). 

Additionally, abrupt termination of the supplier-buyer relationship or potential 
substitute suppliers brought by industrial incidents, such as technology advancement, 
could make relation-specific investment obsolescent (Cheng, 2011). 

5 Discussions 

This paper explores and integrates prior researches on SCM and/or supply risks in JIT 
environment. 30 supply risk factors are identified through both academic literature 
studies as well as from industrial practitioners. 

The purchasing expenditures for manufactures typically range between 50 to 80% of 
their total revenue (Azadegan et al., 2013; Johnson et al., 2011). The JIT purchasing 
method is an important technique of the JIT philosophy, which is regarded as one of the 
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most important productivity enhancement management innovations (Lin, 2011). However 
the intrinsic characteristics of JIT make SC more prone to certain supply risks. Positive 
changes in thinking and culture of the organisation are important prerequisites for JIT 
implementation. Implementation of JIT production needs change within the company 
which is difficult process. Establishment of proper JIT purchase practices are necessary 
to support JIT production. Changing the responses and practices of suppliers are still 
more challenging tasks as it involves external players and circumstances which may not 
be in direct control of focal company. Now a day SCs have become more vulnerable due 
to pressure for Lean production. Due to the increasing competition of globalisation and 
fast technological improvements, manufacturing enterprise pay more attention to its 
purchasing risk (Nan et al., 2009). 

Refer to the information about literature reviewed presented in Tables 2, 3 and 4 as 
well as depicted in Figure 2. It is very clear that the JIT supply risks related to supplier 
are the most frequently cited in literature. Table 4 indicates that the risks associates with 
suppliers are plenty in numbers. Further investigation is essential for risk mitigation or 
elimination. Next frequently cited risks in literature belong to management, production, 
inventory and technology. All other supply risks are almost equally cited in literature. 

JIT SC promotes small but reliable supplier base. However, it increases the risk of 
production disruption if something untoward happens to even one or few suppliers. 
Schmitt and Snyder (2012), Sheffi (2001, 2005) and Simchi-Levi et al. (2002) stress the 
importance of sharing risk throughout the SC and the dangers of disruptions to JIT 
systems. They indicate that JIT systems can lack buffers for supply uncertainty and can 
be at high risk for interruption of material flow. Every SC faces demand and supply 
uncertainties. Hence effective identification and resolution of risks by JIT suppliers is 
very important. 

Supply risks in JIT implementation are not isolated but are interrelated with each 
other. The inter relationship is very complex and catastrophic in nature. For examples 
quality risk emerges due to failure of suppliers to deliver according to customer’s 
specifications may result in buffer inventory stock out risk which in turn hamper the 
production triggering delayed production or worst complete stoppage of production. 
Long supplier lead time causes disturbance in production. Errors in forecasting lead to 
poor planning and under buying (increase stock out risk) or overbuying results in costly 
high inventory level defeating the purpose of JIT. Fluctuating demands again raise the 
risk of inventory stock outs or surplus inventories. Rapid technological advances lead to 
drop in demand for old generation products which may result in supplier bankruptcy. 
Therefore one type of risk gives birth to number of calamitous risks on SC. Hence these 
supply risks should not be studied in isolation. It is worth to investigate and analyse the 
interactions among these supply risks. JIT purchase, faced with these supply risks, needs 
precise and sufficient responses like as tools, techniques, approach and strategies to 
mitigate these risks. Although, JIT purchase is a world class strategy, top management 
could play significant role in how the strategy is understood, implemented, and deployed 
effectively throughout the organisation. 
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6 Conclusions 

JIT supply risks related to supplier are the most frequently cited in literature. Next 
frequently cited risks in literature belong to management, production, inventory and 
technology. Rest of the supply risks are almost equally cited in literature. Majority of 
supply risks are not isolated in nature. They are interconnected to each other. The supply 
risks not only affect the effective implementation of lean/JIT purchase but also influences 
one another. The creation of a supply risk may propagate other related risks if not 
arrested in time. Even the birth of one risk has adverse cascading effect on the 
performance of the SC and the focal company. The magnitude and the gravity of effects 
of supply risk is may differ from company to company and depend upon the managerial 
skills of executives, resilience of SC, organisational culture, financial health of company 
etc. The identification and understanding of independent driver supply risks and 
dependent supply risks would be helpful for the top management to implement lean/JIT 
purchase programs effectively. 

Implementation of lean/JIT purchase system is not free from supply risks even though 
JIT is powerful inventory control mechanism and robust methodology. This work is 
exploratory in nature to identify and classify the supply risks in JIT implementation. This 
paper makes three broad conceptual contributions. First, it explores thirty supply risks in 
JIT implementation. Second, it provides concise description of supply risks that will be 
helpful for further studies in the domain of JIT or lean SC. Third, the identification, 
compilation, categorisation and presentation of JIT supply risks in the form of fishbone 
diagram, which is not available earlier in the literature. 

The systematic classification may provide a launching pad for JIT SC practitioners to 
design suitable models and strategies to tackle supply risks in the implementation of JIT 
system using various techniques like FMEA and Hoshin Kanari policy deployment and 
hybrid Keiretsu-Kraljic purchasing portfolio matrix etc. This work provides a solid 
foundation for taking appropriate actions to tackle supply risks in the successful 
implementation of lean/JIT purchase system. It is, therefore, important that researchers 
study the relationships among these supply risks. The success of global strategies such as 
JIT purchase or lean SC will not be entirely based on application of appropriate 
techniques alone but also on the interactions between human resources, suppliers and 
infrastructure facilities. Top management could play significant role in how the strategy 
is understood, implemented, and deployed effectively throughout the organisation. 

7 Limitations 

This paper excludes supply risks originated from the sources like natural disasters (like 
earthquakes, floods, etc.), pathological phenomena (e.g., foot and mouth outbreak, 
SARS), political risk (e.g., fuel crisis), social (e.g., terrorist attacks), brand reputation, 
intellectual property etc. which are present outside the SC. 
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8 Future work 

After identifying the supply risks in JIT implementation, organisations have to focus on 
the most significant risks. Attention should be concentrated on those supply risks which 
have the highest potential to cause loss and those have the greatest chance for supply risk 
reduction. Therefore, risk prioritisation and analysis is essential before designing 
strategies for supply risk mitigation. Very high degree of interrelationship exists among 
the supply risks which may trigger catastrophic disruption to collapse the lean or JIT 
system. One of main future directions is the modelling and analysis of risks in lean SC 
using techniques like MICMAC power-dependence analysis, analytical hierarchy process 
(AHP), interpretive structural modelling (ISM), structural equation modelling (SEM) etc. 
JIT or lean SC strategies can be designed for successful and sustainable implementation 
of lean/JIT purchase using tools like quality function deployment (QFD), FMEA, balance 
score card and Hoshin Kanari policy deployment, hybrid Keiretsu-Kraljic purchasing 
portfolio matrix etc. Research work in this area may act as a roadmap for successful 
lean/JIT supply implementation. It would be a light house to lean SC practitioners and 
researchers. 
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Abstract: Lean principles are currently adopted in supply chain to ensure 
competitiveness in the global market and to meet customer requirements. This 
lean paradigm focuses on cost reduction using various tools and philosophies 
like just in time (JIT) and total quality management (TQM). To be lean, a 
supply chain must ensure many distinguishing lean attributes (LAs) influenced 
by lean enablers (LEs). In this paper, an integrated technique for order 
preference by similarity to ideal solution (TOPSIS) and quality function 
deployment (QFD) approach is proposed to increase the leanness of supply 
chain. The objective is to identify the most viable LEs to achieve the required 
LAs. Due to impreciseness and vagueness associated with decision-making 
problems, fuzzy logic is used to deal with linguistic judgments expressing 
relationships and correlations required by QFD. Presentation of a case study 
from the Indian food processing industry illustrates the proposed methodology. 
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1 Introduction 

Supply chain management is a process of planning, implementing and controlling supply 
chain operations with the aim of satisfying customers by providing the right product at 
right time in the right quantity. The supply chain includes all links of a product from 
suppliers to customers. All organisations have supply chains of varying degrees, 
depending on the size of the organisation and type of product being manufactured. A key 
feature of present day business is the idea that it is supply chains which compete, not 
companies (Christopher and Towill, 2002). 

To survive in today’s global competition and to meet customer demands, 
organisations have been exploring new approaches to improve productivity by adapting 
new management paradigms. Lean production is one such approach on which 
organisations are focusing to be more cost efficient. The major objective of this approach 
is cost reduction by eliminating non-value-added activities and using tools like just in 
time (JIT), cellular manufacturing, total preventive maintenance, and setup reduction to 
eliminate waste, not only in the organisation, but also on the company’s supply chain 
network (Abdulmalek and Rajgopal, 2007; Monden, 2012; Nahmias and Cheng, 1997; 
Scherrer-Rathje et al., 2009). The core thrust of lean production is the capability of 
working synergistically to create a high-quality system producing finished products at the 
pace the customer demands with little or no waste (Shah and Ward, 2003). Recently,  
lean concept also entered the supply chain field as a way to improve supply chain 
performance. Lean production promises significant benefits regarding increased 
organisational and supply chain communication and integration (Scherrer-Rathje et al., 
2009). 

The objective of this work is to improve leanness of the supply chain by analysing 
lean attributes (LAs) and lean enablers (LEs). An integrated approach, based on quality 
function deployment (QFD) and technique for order preference by similarity to ideal 
solution (TOPSIS) is suggested to prioritise LEs by considering their relationship with 
LAs. Fuzzy logic is used to deal with linguistic judgments expressing relationships and 
correlations required in QFD. The proposed methodology is illustrated through a case 
study from the food processing industry. 

The remainder of the paper is organised as follows. Literature review on lean supply 
chain and assessment of leanness is presented in the next section. Problem description is 
presented in Section 3. The proposed methodology is explained in Section 4. In  
Section 5, a case study from the food processing industry illustrates application of the 
proposed approach. Concluding remarks and future scope of research are provided in 
Section 6. 
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2 Literature review 

2.1 Lean supply chain 

The lean production concept originated from the Toyota production system. This is a 
paradigm that major organisations were trying to adopt to remain competitive in an 
increasingly global market (Schonberger, 2007; Womack et al., 2007). Holweg (2007) 
presented an historical account of research that resulted in the formulation and 
dissemination of most influential lean manufacturing paradigm. Wan and Chen (2008) 
proposed a unit-invariant leanness measure with a self-contained benchmark to quantify 
manufacturing systems’ leanness level from the concept of data envelopment analysis. A 
linear program based on slacks-based measure derives leanness score indicating how lean 
the system is and how much waste exists. Bayou and De Korvin (2008) used fuzzy-logic 
methodology to measure leanness. The authors measured and compared production 
leanness of Ford Motor Company and General Motors, selecting Honda Motor Company 
as the benchmarking firm. 

Singh et al. (2010) proposed a leanness measurement method based on the judgment 
of experts using fuzzy set theory for leanness evaluation. Vinodh and Chintha (2011a) 
reported a research which assessed the leanness of a manufacturing organisation using 
multi-grade fuzzy approach. Vinodh and Chintha (2011b) applied fuzzy QFD to enable 
leanness and validated the approach with a case study from an Indian electronics switches 
manufacturing organisation. The approach is very effective in identifying lean 
competitive bases, lean decision domains, LAs and LEs for the organisation. Vinodh and 
Balaji (2011) developed a decision support system designated fuzzy logic-based leanness 
assessment decision support system (FLBLA-DSS). FLBLA-DSS computes fuzzy 
leanness index, Euclidean distance and identifies weaker areas needing improvement. 
The developed DSS was test implemented in an Indian modular switches manufacturing 
organisation. 

Anand and Kodali (2008) developed a conceptual frame work for lean supply chain 
implementation based on literature review. But the model has not been validated either 
statistically or by case studies. Cudney and Elrod (2010) addressed the effectiveness of 
specific lean techniques in a variety of industries and their application in the supply chain 
with the help of statistical techniques. Vinodh et al. (2011) presented a study where a 
fuzzy association rule mining approach was used to evaluate the leanness of an Indian 
modular switches manufacturing organisation. Azevedo et al. (2012) suggested an index 
to assess the agility and leanness of individual companies and the corresponding supply 
chain. Named agilean the index is obtained from a set of agile and lean supply chain 
practices integrated in an assessment model. The authors used Delphi technique to 
develop a series of weighted agile and lean supply chain practices and the importance of 
paradigms through experts in automotive research topics. Vinodh and Vimal (2012) 
presented a 30 criteria-based leanness assessment methodology using fuzzy logic. 

Lehtinen and Torkko (2005) stated that the lean concept is appropriate for the food 
supply chain. Additionally, they also presented the structures of food demand chains for 
varied customers. By implementing the lean concept, food companies can increase 
customer value through cost reduction or through additional value-enhanced services 
(Lehtinen and Torkko, 2005). Perez et al. (2010) analysed the characteristics and 
performance of the Catalan pork supply chain to assess whether it operates according to 
lean chain parameters. Moreover, they presented a tentative lean supply chain model. 
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Zarei et al. (2011) proposed an integrated approach based on fuzzy QFD and analytical 
hierarchy process (AHP) to enhance leanness by analysing LEs linked with LAs. The 
authors illustrated the approach through a case study from the canning industry. 

2.2 Fuzzy QFD 

Carnevalli and Cauchick (2008) presented a review, analysis, classification and 
codification of the literature on QFD. Xu et al. (2010) presented a more balanced review 
of QFD that exhibits enough depth to be useful to researchers as well as enough breadth 
to cater for amateur readers based on the materials published between 2005 and 2009. 
Costa et al. (2000) presented a detailed literature review on the application of QFD in  
the food industry. Their review was extended with a thorough description of the 
methodologies involved in the practice of QFD within food companies and was further 
exemplified with the help of a case study on ketchup quality improvement. Sohn and 
Choi (2001) applied fuzzy-QFD to the supply chain and developed a fuzzy multi-criteria 
decision making method to select a design with an optimal combination of reliability and 
customer satisfaction. Bottani and Rizzi (2006) proposed a fuzzy-QFD approach and 
addressed the issue of how to deploy HOQ to efficiently and effectively improve the 
logistic process. Kim et al. (2000) presented an integrated, fuzzy theoretic approach to 
formulating and solving the QFD problem. Liang et al. (2012) applied a fuzzy QFD 
approach to prioritise knowledge management solutions for an international port in 
Taiwan. Kumar et al. (2012) proposed a fuzzy QFD model for the supplier development 
issues in global perspectives under informational vagueness. Ho et al. (2012) developed 
an integrated approach, combining QFD, fuzzy set theory and AHP approach, to evaluate 
and select the optimal third-party logistics service providers. Raut et al. (2011) proposed 
an integrated model based on AHP and QFD fuzzy technique for preference, in order to 
examine the improvement fields of Indian automobile industry. 

From the literature review, it is understood that most researchers focused more on 
leanness of production systems rather than whole supply chain and also most works 
reported are based on manufacturing and automobile industries. Very few works were 
reported on food industries in the context of leanness. Specially, there is no work in 
literature related to Indian food processing industries in lean supply chain context. This 
paper proposes an integrated approach based on fuzzy QFD and TOPSIS to improve the 
leanness of supply chain and illustrates it with a case study from the food processing 
industry in India. 

3 Problem description 

Food and food products are the largest consumption category in India, with a market size 
of USD 181 billion. It is significant to note that the challenges for the food processing 
sectors are diverse and need to be addressed on many fronts to derive maximum market 
benefits. Also, despite the Food sector’s importance, food industry has received little 
attention in literature in the context of lean strategies. Hence, there is a need to analyse 
LEs for Indian food processing industries. So, this work proposes an integrated fuzzy 
QFD and TOPSIS-based frame work to improve leanness of food processing industries 
by linking LAs and LEs. The organisations can improve their leanness by concentrating 
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on more influential enablers. This proposed methodology prioritises the LEs so that the 
industries can exploit more influencing enablers to improve their leanness. 

4 Proposed methodology 

India is one of the world’s largest producers and consumer of food products. The food 
and beverages sector plays a key role in contributing to the development of the Indian 
economy. This paper makes an attempt to prioritise LEs by considering their relationship 
with LAs in the Indian food processing industries context using an integrated approach 
based on TOPSIS and fuzzy QFD to enhance supply chain leanness. The flow chart for 
the proposed methodology is shown in Figure 1. 

Figure 1 Flow chart for proposed methodology 

 

The framework to improve leanness in supply chain by fuzzy-QFD includes the 
following four main steps (Zarei et al., 2011). 
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1 identification and selection of LAs and LEs 

2 prioritisation of LAs using TOPSIS 

3 determination of relationships between LAs and LEs and the correlation among LEs 

4 calculation of the relative importance (RIj) and priority weights of LEs *( )jRI  using 
fuzzy QFD. 

4.1 Identification and selection of LAs and LEs 

A lean supply chain has many distinguishing attributes and enablers. LAs are defined as 
elements constituting the underlying structure of a lean organisation. They were 
originally conceived as core concepts of lean manufacturing and supply chain. 
Accordingly, LEs are enabling tools, technologies, and methods critical to successfully 
accomplish lean supply chain management (Zarei et al., 2011). 

Based on related literature, LAs and LEs were identified. Then with the help of 
experts from the case company, LAs and LEs will be chosen according to the case 
company’s special characteristics. 

4.2 Prioritisation of LAs using TOPSIS 

The TOPSIS is used to prioritise LAs by finding priority weights for LAs. TOPSIS, 
developed by Hwang and Yoon (1981), is a simple ranking method in conception and 
application. The standard TOPSIS method chooses alternatives that simultaneously have 
shortest distance from positive ideal solution and farthest distance from a negative-ideal 
solution. The positive ideal solution maximises benefit criteria and minimises cost 
criteria, whereas the negative ideal solution maximises cost criteria and minimises benefit 
criteria. TOPSIS uses attribute information, providing a cardinal ranking of alternatives, 
not requiring attribute preferences to be independent (Behzadian et al., 2012; Yoon and 
Hwang, 1995). To apply this technique, attribute values must be numeric, monotonically 
increasing or decreasing, and have commensurable units. 

After forming an initial decision matrix, the procedure starts by normalising it, 
followed by building a weighted normalised decision matrix in Step 2, determining 
positive and negative ideal solutions in Step 3 and calculating separation measures for 
each alternative in Step 4. The procedure ends by computing the relative closeness 
coefficient. The set of alternatives (or candidates) are ranked according to the descending 
order of the closeness coefficient (Behzadian et al., 2012). 

Five criteria Viz; speed, cost, responsiveness, competency, and quality were chosen 
as criteria with the help of literature review and supply chain experts opinion to prioritise 
LAs (Zarei et al., 2011; Narasimhan et al., 2006; Yusuf and Adeleye, 2002). LA priority 
weights (Wi) obtained by TOPSIS are used in the proposed model’s fuzzy-QFD 
component. 
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4.3 Determination of the relationships between LAs and LEs, and the 
correlation among LEs 

QFD prioritises LEs by determining the relationships between LAs and LEs and the 
correlation among LEs. Fuzzy logic approach was used as it eliminates drawbacks like 
vagueness, ambiguity, uncertainties, and impreciseness in decision making. The evaluator 
can express performance ratings and importance weights using linguistic variables. Then 
linguistic variables are converted into fuzzy numbers. 

In this step, the degree of relationship between LAs and LEs is stated by the 
corresponding triangular fuzzy number (TFN) and placed in the house of quality (HOQ) 
matrix. The fuzzy HOQ whose specific structure is detailed in Figure 2 is adopted. Also, 
the degree of correlation between LEs is then expressed by TFNs in the fuzzy HOQ. 
Linguistic variables and corresponding fuzzy numbers for degrees of relationship and 
correlation are shown in Tables 1 and 2. The concept of TFN and fuzzy calculations is 
explained in the following sections. 

Figure 2 The proposed TOPSIS-fuzzy-HOQ 

 

Source: Modified from Zarie et al. (2011) 
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Table 1 Degree of relationships and corresponding fuzzy numbers 

Degree of relationships Fuzzy numbers 

Strong (S) (0.7; 1; 1) 
Medium (M) (0.3; 0.5; 0 .7) 
Weak (W) (0; 0; 0.3) 

Source: Bottani and Rizzi (2006) 

Table 2 Degree of correlations and corresponding fuzzy numbers 

Degree of correlations Fuzzy numbers 

Strong positive (SP) (0.7; 1; 1) 
Positive (P) (0.5; 0.7; 1) 
Negative (N) (0; 0.3; 0.5) 
Strong negative (SN) (0; 0; 0.3) 

Source: Bottani and Rizzi (2006) 

4.3.1 Triangular fuzzy number 

The TFN can be represented as a triplet (a, b, c), as shown in Figure 3, where, a ≤ b ≤ c. 
When a = b = c, it is a non-fuzzy number by convention. The membership function can 
be defined as (Chamodrakas et al., 2009; Zimmermann, 2001): 

0 if

if
( )

if

0 if

A

x a
x a a x b
b aμ x
c x b x c
c b

x c

≤⎧ ⎫
⎪ ⎪−⎪ ⎪≤ ≤
⎪ ⎪−= ⎨ ⎬−⎪ ⎪≤ ≤
⎪ ⎪−
⎪ ⎪≥⎩ ⎭

 (1) 

Figure 3 Triangular fuzzy number 
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If M = (a1, b1, c1) and N = (a2, b2, c2) represent two TFNs, then, 

( )1 2 1 2 1 2Fuzzy addition: ; ;M N a a b b c c+ = + + +  (2) 

( )1 2 1 2 1 2Fuzzy multiplication: ; ;M N a a b b c c× = × × ×  (3) 

( )1 2 1 2 1 2                                   1 / / ; / ; /M N a c b b c a× =  (4) 

Fuzzy and natural number multiplication: ( . ; . ; . )r M r a r b r c× =  (5) 

4.4 Calculation of the relative importance (RIj) and priority weights of LEs 
*( )jRI  

The two parameters RIj and *
jRI  are calculated to determine LEs which have more 

impact on the lean supply chain. RIj was computed by fuzzy multiplication of Wi to Rij. 

Σ 1, 2, 3j i ijRI W R j m= × = ……  (6) 

* Σ 1, 2, 3j j kj kRI RI T RI j m= + × = ……  (7) 

Tkj is shown on the roof of HOQ. Further, normalisation was undertaken by dividing each 
*
jRI  by the highest according to the fuzzy set algebra. Then, to rank the LEs, normalised 

scores of *
jRI  were de-fuzzified. Suppose M (a, b, c) is a TFN; then, the de-fuzzified 

value is calculated using 

( 4 ) / 6a b c+ +  (8) 

The final de-fuzzified values are known as crisp values. LEs are ranked according to 
crisp values in a highest value to lowest value order. LEs with high crisp values must be 
accorded priority to enhance leanness of the industry. 

5 Illustration with case study 

The proposed approach is illustrated with the help of a case study from a food processing 
industry. 

5.1 About the case company 

The case study was conducted in a food industry located in Northern part of India. This 
industry is one of the famous business groups of India. It has a large quantity of food 
products, with a 40% share of the nation’s biscuit market and a 15% share of the 
confectionary market in India. There was a need for the organisation to improve its 
leanness to be more cost efficient and to sustain global competition. 
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5.2 Identification and selection of LAs and LEs 

First, an expert committee of senior managers of the case company and academic experts 
is formed to facilitate application of this approach in the company. With the help of 
questionnaires and discussions, eight LAs and 12 LEs relevant to the company were 
identified. These are shown in Tables 3 and 4. 
Table 3 List of LAs for the case company 

Sl. no. LAs References 

1 Conformance quality (LA1) 
2 Delivery reliability (LA2) 
3 Low buffering cost (LA3) 
4 Low variability in process time (LA4) 
5 Low variability in delivery time (LA5) 
6 Low variability in demand rates (LA6) 
7 Cost efficiency (LA7) 
8 Delivery speed (LA8) 

Treville and Antonakis (2006), 
Hopp and Spearman (2004), 

McLachlin (1997),  
Narasimhan et al. (2006),  
Prince and Kay (2003),  

Shah and Ward (2003) and  
Zarei et al. (2011) 

Table 4 List of LEs for case company 

Sl. no. LEs References 

1 Supplier management (LE1) 
2 Eliminate obvious wastes (LE2) 
3 Continuous improvement (LE3) 
4 Total quality management (LE4) 
5 Vendor management inventory (LE5) 
6 Production Automation (LE6) 
7 Quality improvement (LE7) 
8 Human resource training (LE8) 
9 Reduction in Operating cost(LE9) 
10 Pull production (LE10) 
11 Knowledge and information management (LE11) 
12 JIT approach (LE12) 

Treville and Antonakis (2006), 
Hopp and Spearman (2004), 

McLachlin (1997), 
Narasimhan et al. (2006),  
Prince and Kay (2003), 

Shah and Ward (2003) and 
Zarei et al. (2011) 

5.3 Prioritisation of LAs using TOPSIS 

TOPSIS is used to allocate priority weights of LAs. Eight number LAs which are selected 
by experts are prioritised with respect to the five criteria selected. The five criteria chosen 
are speed (C1), cost (C2), responsiveness (C3), competency (C4), and quality (C5). 

The following parameters are defined to implement TOPSIS. 

• m = eight alternatives (LAs) 

• n = five criteria 

• xij = score of option i with respect to criterion j 
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• X = {xij} 8 × 5 score matrix 

• J = set of benefit criteria (more is better) 

• J′ = set of negative criteria: cost (less is better). 

The steps of TOPSIS are presented below. 

Step 1 The alternatives with regarding criteria are evaluated and initial decision matrix 
is formed as shown in Table 5. For this assessment, 1–9 scale is used (Saaty, 
2008). Also, weightage for criteria (wc) regarding the objective of increasing 
leanness is also indicated by experts. 

Table 5 The decision matrix 

0.2 0.15 0.1 0.25 0.3 
wc 

C1 C2 C3 C4 C5 
LA1 3 5 7 9 7 
LA2 8 6 3 5 4 
LA3 2 5 7 2 8 
LA4 6 3 2 7 5 
LA5 5 6 8 4 3 
LA6 3 2 4 7 6 
LA7 2 4 5 5 9 
LA8 9 7 6 5 2 

Step 2 The next step is converting the decision matrix into the normalised decision 
matrix (rij). 

( )2Σ for 1 to ; 1 toij ij ijr X X i m j n= = =  

where Xij is the decision matrix obtained in the previous step. 

Calculations are shown in Table 6. 

Table 6 Normalised decision matrix 

0.2 0.15 0.1 0.25 0.3 
wc 

C1 C2 C3 C4 C5 

LA1 0.19696 0.353553 0.440959 0.54371 0.415374 
LA2 0.525226 0.424264 0.188982 0.302061 0.237356 
LA3 0.131306 0.353553 0.440959 0.120824 0.474713 
LA4 0.393919 0.212132 0.125988 0.422885 0.296695 
LA5 0.328266 0.424264 0.503953 0.241649 0.178017 
LA6 0.19696 0.141421 0.251976 0.422885 0.356034 
LA7 0.131306 0.282843 0.31497 0.302061 0.534052 
LA8 0.590879 0.494975 0.377964 0.302061 0.118678 
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Step 3 The weighted normalised matrix (Vij) is formed by multiplying each column 
with their relative weights as shown in Table 7. 

ij j ijV W r= ×  

where Wj is weight for J criterion. 

Table 7 Weighted normalised decision matrix 

0.2 0.15 0.1 0.25 0.3 
wc 

C1 C2 C3 C4 C5 

LA1 0.039392 0.053033 0.044096 0.135927 0.124612 

LA2 0.105045 0.06364 0.018898 0.075515 0.071207 

LA3 0.026261 0.053033 0.044096 0.030206 0.142414 

LA4 0.078784 0.03182 0.012599 0.105721 0.089009 

LA5 0.065653 0.06364 0.050395 0.060412 0.053405 

LA6 0.039392 0.021213 0.025198 0.105721 0.10681 

LA7 0.026261 0.042426 0.031497 0.075515 0.160216 

LA8 0.118176 0.074246 0.037796 0.075515 0.035603 

Step 4 Then, positive ideal solution and negative ideal solution are determined. 
a Positive ideal solution (A*) in each row is determined as follows. 

{ }* * *
1 , , nA V V= …………  

where * {max( ) if ; min( ) if }.j ij ijV V j J V j J ′= ∈ ∈  

* {0.118176, 0.074246, 0.050395, 0.135927, 0.035603}.A =  

b Negative ideal solution (A′) in each row is determined as follows. 

1{ , , }nA V V′ ′ ′= …………  

where {min( ) if ; max( ) if }.j ij ijV V j J V j J′ ′= ∈ ∈  

{0.026261, 0.021213, 0.018889, 0.030206, 0.035603}A′ =  

Step 5  
a Separation from ideal solution A* is calculated using, 

( )2* *Σ for 1, .i j ijS V V i m⎡ ⎤= − =⎣ ⎦ ……  

b Separation from negative ideal solution A’ is calculated using, 

( )2Σ for 1, .i j ijS V V i m⎡ ⎤′ ′= − =⎣ ⎦ ……  

Calculations are shown in Tables 8 and 9. 
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Table 8 Separation from ideal solution A* 

 ( )2*Σ j ijv v−  ( )2* *Σi j ijS v v= −  

LA1 0.01458 0.00729 
LA2 0.006186 0.003093 
LA3 0.031487 0.0157435 
LA4 0.008544 0.004272 
LA5 0.008888 0.004444 
LA6 0.01324 0.00662 
LA7 0.028995 0.0144975 
LA8 0.003808 0.001904 

Table 9 separation from negative ideal solution A′  

 
( )2Σ j ijv v′ −  ( )

22Σ j ijv v⎡ ⎤′ −⎣ ⎦  

LA1 0.0268 0.0134 
LA2 0.03003 0.01502 
LA3 0.0145 0.00725 
LA4 0.03037 0.01518 
LA5 0.01775 0.008875 
LA6 0.024264 0.012132 
LA7 0.019426 0.009713 
LA8 0.02889 0.014445 

Step 6 Relative closeness to ideal solution is calculated using 

( )* */ .i i i iC S S S′ ′= +  

Calculations are shown in Table 10. These are priority weights obtained for 
LAs. Now, priority weights for LAs are normalised and used in HOQ. 

Table 10 Calculation of relative closeness to the ideal solution 

 * */i i i iC S S S′ ′= +  Normalised value 

LA1 0.647655872 0.13 
LA2 0.829196234 0.16 
LA3 0.3153065 0.06 
LA4 0.780438917 0.15 
LA5 0.666341317 0.135 
LA6 0.64697099 0.125 
LA7 0.401189567 0.08 
LA8 0.883540278 0.17 
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5.4 Determination of relationships between LAs and LEs, and correlation 
among LEs 

The degree of relationship between LAs and LEs (Rij) was judged by the experts 
committee using linguistic terms defined in Table 3. The correlation among LEs (Tkj) was 
assessed in terms of linguistic terms defined in Table 4. These were entered in HOQ at 
corresponding places as shown in Figure 4. Priority weights for LAs (Wi) from TOPSIS 
were also entered. 

Figure 4 TOPSIS-fuzzy HOQ of the case company 
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5.5 Calculation of relative importance (RIj) and priority weights of LEs *( )jRI  

Based on corresponding fuzzy numbers, values of RIj and *
jRI  were calculated by using 

equations (6) and (7). The normalised values of *
jRI  were computed by dividing each 

*
jRI  by highest value among *.jRI  Then, normalised scores were de-fuzzified using 

equation (8) to obtain crisp values. LEs are ranked according to crisp values. These 
computational values are shown in Figure 4. 

5.6 Results and discussion 

LEs with high crisp values must be accorded priority to enhance leanness of the industry. 
Hence, such LEs must be selected for implementation. From results, it is understand that 
LE1 (supplier management) had highest crisp value followed by LE6 (production 
automation) which was the next highest crisp value. Supply chain management has 
obtained top priority among all the enablers due to its significant relationship with LAs 
and its wide degree of correlations with other LEs. Supply chain management and 
logistics plays a vital role in the food industry for procuring raw materials and 
transporting final products in right time. Selection of best suppliers and resources will 
enable a business to maximise profit and gain competitive advantage. Second priority 
was accorded to production automation. Production automation results in reduced down 
times, increase in productivity, improved quality, safety and energy savings. Next to 
them, knowledge and information management ranked third. Knowledge management 
helps in promoting all kinds of innovation to improve the company’s productivity and it’s 
mid and long term competitive advantage. Information and communications technology 
is an increasingly used powerful tool for those participating in global markets, promoting 
accountability, improving services delivery and enhancing growth opportunities. 
Continuous improvement, JIT, pull production, quality improvement, reduction in 
operating cost, waste reduction, vendor managed inventory, human resource training and 
total quality management (TQM) are next priorities. The industry can improve its 
leanness by exploiting these enablers priority wise. 

6 Conclusions 

During the past few decades, many organisations in the world have been forced to adopt 
new strategies to improve their performance. The concept of lean production becomes 
popular strategy to become cost efficient. Lean principles are adopted by many 
organisations to eliminate waste and streamline processes, not only in production, but 
along the entire supply chain. Leanness is a performance measure of lean practices of 
organisations and there is a need for organisations to improve their leanness to sustain in 
global competition. Organisations can improve their degree of leanness by exploiting 
appropriate LEs. In this paper, an integrated TOPSIS-QFD approach was proposed to 
enhance leanness of the food supply chain. TOPSIS was used to find priority weights of 
LAs. Then, fuzzy QFD was used to prioritise LEs. To cope well with the vagueness of 
judgments required in building HOQs, linguistic variables defined with TFNs were used 
to express relationships and correlations. Finally, the proposed methodology was 
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illustrated with the help of a case study from the food processing industry. This approach 
identified viable LEs to achieve the required set of LAs by considering the relationship 
between LAs and LEs of the case company. This approach will help the organisations in 
exploiting the most influential enablers to achieve the desired degree of leanness. This 
approach suits organisations to improve their leanness of the supply chain. 

6.1 Limitations and future scope 

In future, researchers can integrate other ranking methods with QFD to prioritise LAs. 
Also, advanced membership functions of fuzzy logic can be used to enhance 
effectiveness of leanness measurement. In this research work, only 12 LEs and eight LAs 
were considered. More LAs and LEs can be identified. This paper presented a case study 
from the food industry. Case studies from other sectors can also be presented. 
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Abstract: The purpose of this paper is to demonstrate how a fuzzy goal-setting 
approach can be effectively utilised for supplier selection multi-criteria 
decision making. Fuzzy logic is used to manage the process of supplier 
selection based upon performance aspects of on-time delivery (i.e., not early or 
late) and product quality defined by non-damaged parts or lack of design 
conformance. Managerial goals for these performance criteria are set that 
recognise the integrative nature of the production process and vendor 
performance. Then based on fuzzy probabilities of meeting or exceeding the 
company goals, a degree of fit to the goals is derived allowing a rank ordering 
of suppliers for specific situations. While only two parameters are used in the 
application of the model developed herein, the algorithm can be expanded to 
any number of criteria and experts without loss of generality. The results 
illustrate the dynamic nature of scenario setting in decision making. The model 
is recommended as ideally suitable for small to medium size companies since 
computations can be performed utilising standard spreadsheet software. 
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1 Introduction 

It has been estimated that 50 to 80% of a firm’s total cost of goods sold is attributable to 
purchased materials and components (DeCarvalho and Costa, 2007). Additionally, many 
corporations rely on multiple suppliers for each item or set of items in order to  
ensure throughput efficiency and an uninterrupted supply of raw materials (Muralidharan 
et al., 2002). The marriage of these cost drivers highlights the criticality of the 
supplier-selection decision and impacts the cost effectiveness of the entire chain. Such 
decisions rely on both quantitative and qualitative information gathered throughout the 
enterprise and coalesced into a singular and comprehensive evaluation. Yet, most firms 
do not have a formal supplier evaluation process without which it becomes difficult to 
accurately assess whether suppliers are meeting the needs of the firm and indeed, 
providing value to the firm’s competitive advantage (Simpson et al., 2002). 

Even where quantitative supplier performance data are readily available, subjective 
judgment of qualitative performance metrics must be provided by a variety of sources, 
including senior management (Ghodsypour and O’Brien, 1998), experts in the field 
(Mandal and Deshmukh, 1994; Cheng and Li, 2001; Humphreys et al., 2001) and even a 
project’s team members (Ragatz et al., 1997). However, subjective judgments offered in 
terms of linguistic variables provide a degree of uncertainty and input ambiguity into the 
decision. Customer demands are generally uncertain and supplier evaluation, selection 
and coordination lead to various strategies to manage supplier relationships (Chan, 2003; 
Deng and Elmaghraby, 2005). Toward the objective of addressing the uncertainty in 
supplier evaluation and selection decisions, the paper highlights the use of fuzzy logic in 
decision making situations, including supply chain management (SCM). The paper 
proceeds as follows. Section 2 presents a literature review necessary for an understanding 
of the supplier selection problem and the increasing acceptance of and appreciation for 
fuzzy logic models in addressing uncertainty in supply chain managerial decisions. 
Section 3 presents the fundamentals of fuzzy set theory necessary for development of the 
proposed goal-setting model and ensuing algorithm. An application is then provided as a 
step-by-step algorithmic process (Section 4) leading to results and analysis (Section 5). 
The conclusions highlight the benefits of the model as well as recommendations for 
future study. 
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2 Literature review 

Various SCM applications of fuzzy logic-based modelling have been utilised in areas of 
inventory, purchasing, and quality control. Lui (1999) first proposed a systematic fuzzy 
model approach to a variety of unfilled demand possibilities and their resulting backorder 
challenges. Later, inventory discounting considered the buyer-seller relationships  
(Das et al., 2004) and location aspects for inventory control also became fuzzy 
considerations (Usenik and Bogata, 2005). 

Fuzzy multi-objective linear programming was used to minimise total production and 
transportation costs, the number of rejected items and total delivery time as related to 
labour and budget constraints (Liang, 2008). Similarly, fuzzy goal programming 
considered SCM from the perspective of activity-based costing with mathematically 
derived optimisation for evaluating performance of the value chain relationship (Tsai and 
Hung, 2009). Manufacturing processes as related to business logistics looked at the data 
itself as fuzzy in quality function deployment’s relationship to customer service (Shu and 
Wu, 2009). 

Overall, the fuzzy analytic hierarchy process (AHP) has become the most widely used 
SCM decision making modelling process (see Che, 2010; Sen et al., 2010; Chan et al., 
2008, 2007, for example). Cigolini and Rossi (2008) recognised that fuzzy sets had been 
used in inventory planning to improve organisational effectiveness and to evaluate 
suppliers, but their contribution focused upon the partnerships within the chain of both 
design and management policies. 

While traditionally, evaluating and ranking suppliers was based on parameters of 
price, quality and delivery, more recent supplier selection decisions have utilised fuzzy 
logic and moved into consideration of environmental performance of the supplier 
(Humphreys et al., 2006) and global competitiveness (Chan et al., 2008). Bevilacqua and 
Petroni (2002) used linguistic variables to rate potential suppliers according to nine 
criteria, then aggregated weighted rankings for each criterion. Five years later another 
study reevaluated the rankings and produced a model which provided a fuzzy preference 
index to rank order suppliers (Bayrak et al., 2007). 

In the same time period, supplier selection was approached from a rule-based 
perspective, again considering that these decisions are dynamic and ill-structured. The 
approach selected was fuzzy associated rule mining from the database for supplier 
assessment (Jain et al., 2007). Ohdar and Ray (2004) also used a rule-based approach in 
designing an evolutionary fuzzy system to handle the increasing number of rules 
necessary due to a greater number of input variables. Conflicting quantitative and 
qualitative criteria affecting supplier selection were treated as a multi-criteria group 
decision making (MCDM) problem solvable by application of grey relation and rough set 
theory (Samantra et al., 2012). In this same time period, Yaghoubi and Hajihosseini 
(2011) also proposed a fuzzy MCDM model using fuzzy TOPSIS to rank order suppliers. 
Another MCDM approach considering supplier integration to secure the efficacy of 
vendor selection on the initial product stage pointed out that existing models fail to assess 
whether evaluation criteria are aligned with the company’s strategy (Shen and Yu, 2012). 

Ultimately, the question is whether the fuzzy logic-based approaches are effective for 
supplier selection. Sevkli’s (2010) comparison of a recognised crisp ELECTRE model 
versus a fuzzy ELECTRE model reached the conclusion that fuzzy sets for multi-criteria 
supplier selection decisions are not only effective, they are superior to traditional models. 
Importantly, expert knowledge can be encoded into a fuzzy model much akin to the way 
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an expert would verbalise his/her expertise. While conventional modelling systems 
cannot deal with degrees of opposing views (Cox, 1995), fuzzy models can adapt and 
interpret the often conflicting knowledge and viewpoints of industry experts (Humphreys 
et al., 2006). 

Thus, because fuzzy logic-based models have proven effective for supplier selection 
decisions, the question becomes, which criteria should be used to provide the most 
accurate evaluation of suppliers. Dickson (1966) identified 23 different criteria including 
quality, delivery, performance history, warranties, price, technical capability and 
financial position. Similarly, Hayes (1986) considered quality, reliability, overall service 
and on-time delivery (OD) for assessment of vendor quality ratings. It should be 
recognised that there may be some overlap in all of these criteria; as supplier reliability 
can be modelled as the probability of OD related directly to failure of the supplier to fill 
the entire order (Wang et al., 2012). In addition, external factors can impact supplier 
selection decisions as quality, cost and delivery are only part of a supplier’s total 
assessment which also may include service (Guarascio, 2005) and compliance with 
environmental, safety and industry regulations (Tomaru et al., 2011). 

However, the seminal findings by Chakravarty (1979) which stated that price, quality 
and delivery were the primary indicators couching the selection decision in terms of the 
cost of sub-standard quality and non-adherence to delivery schedule, have not lost favour 
research conducted 20 years later still supported that these three factors continued to 
dominate the criteria routinely used in supplier evaluations (Hirakubo and Kublin, 1998; 
Howard, 1998). where, of those firms that evaluate suppliers, approximately 70% track 
OD and percent of acceptable materials (Tan et al., 1998; Simpson et al., 2002). More 
recently, a comprehensive literature review of supplier selection criteria by Liao and Kao 
(2011) that summarised all criteria appearing in the literature from 1966 to 2009, showed 
that price as a selection criteria was observed 60% of the time, while product quality was 
used 80% and OD was considered important in 70% of the studies. No other criterion 
scored higher than 50% (reciprocal arrangements) usage in the studies of supplier 
selection decisions (Ayhan, 2013). 

The relevance of the literature review to the following model development and 
application are the acceptance of fuzzy logic in SCM decisions, the recognition of 
ambiguity of data and uncertainty in the decision making parameters, and the agreement 
that while lots of criteria have been proposed as fundamental to supplier evaluation, 
price, product quality and OD have remained the overriding criteria. In addition, supply 
chain performance is constrained by competing goals directly related to these 
interdependent factors of OD, quality assurance and cost minimisation (Jain et al., 2006). 
Thus, a fuzzy logic-based, goal setting approach is appropriate for supplier selection. 

3 Model development 

As detailed in the literature review (Section 2 above), supplier product quality and OD 
remain the two most common selection criteria and are, therefore, most appropriate for 
this model analysis. A discussion of fuzzy logic necessary for development of the model 
is presented below. The detailed algorithm uses fuzzy scores for each supplier for each 
factor under consideration, then based on goal intervals for acceptance it assesses how 
well each supplier’s fuzzy probability of performance meets the decision maker’s goals 
per Jain et al.’s (2006) constraints. This leads to a potential ranking for each supplier. 
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3.1 Fuzzy logic and fuzzy probability distributions 

Fuzzy logic can be used to make decisions, where a fuzzy subset A of a set X is a function 
of X into [0, 1]. (For a brief review of fuzzy logic in decision making, the reader is 
referred to Bellman and Zadeh (1970), Dubois and Prade (1979) and Freeling (1980). We 
can write A = Σαi / xi to mean that the value of the function A on xi is αi. The number αi 
(0 ≤ αI ≤ 1) denotes the degree of membership of xi in A. Another way to interpret this is 
to view αi as the degree of belief that a possible value of A is xi. 

If A and B denotes two fuzzy sets then the operations of intersection, union, and 
complement are defined by: 

{ }where Min ,i i i i iA B γ x γ∩ = =∑ α β  (1) 

{ }where Min ,i i i i iA B γ x γ∪ = =∑ α β  (2) 

where 1i i i iA γ x γ¬ = = −∑ α  (3) 

and it is assumed that B = Σβi / xi. (For a general discussion of the fuzzy logic concepts 
above, see Kaufmann and Gupta, 1985; Klir and Folger, 1988; Zadeh, 1965, 1975). 

Extension principles (see Dubois and Prade, 1980; Zebda, 1984) often guide the 
computations when dealing with fuzzy sets. Letting f be a function from X into Y, with Y 
as any set and A as above, then f can be extended to fuzzy subsets of X by: 

( )

( )

1

( ) ( ) where

( ) Max ( )
( )

f A

f A

f A U y y

U y A x
xεf y−

=

=
∑

 (4) 

Thus, f(A) is a fuzzy subset of Y. 
In particular, if f is a mapping from a Cartesian product such as X × Y to any set, Z, 

then f can be extended to objects of the form (A, B) where A and B are fuzzy subsets of X 
and Y by: 

{ }
( , )

( , )

1

( , ) ( ) where

( ) Max Min ( ), ( )

( , ) ( )

f A B

f A B

f A B U z z

U z A x B x

x y εf z−

=

=
∑

 (5) 

The above formula shows how binary operations may be extended to fuzzy sets. 
A fuzzy set P whose elements all lay on the interval [0, 1] can be expressed as a fuzzy 

probability. Consider a set of n fuzzy probabilities each having r elements, i.e., 

, , 1, 2, , 1i i j i jp a p i n j= = =∑ …  (6) 

where aij denotes the degree of belief that a possible value of pi is pij. Then (p1, p2,…pn) 
constitutes a finite fuzzy probability distribution if and only if there are n-tuples pi, 

i = 1, 2,…,n such that 
1

1.
n

ij
j

p
=

=∑  
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In order to qualify as a finite fuzzy probability distribution, each fuzzy probability in 
the distribution must have the same number of elements (some of the a’s may be zero), 
and these elements should be ordered in the sense that the sum of the elements in each 
specific position must equal one. That is, the n-tuple of elements in each of the r positions 
in the ordered fuzzy sets of probabilities must constitute a finite probability in the crisp 
sense. So the n-tuples (pij), i = 1, 2,…,n form probability distributions in the crisp sense. 
It must be noted that the membership values of the elements are arbitrary (so long as they 
are greater than zero) and do not determine whether or not the sequence of ordered fuzzy 
sets constitutes a fuzzy probability distribution. 

A version of fuzzy expected values was first used by Zebda (1984) when he defined 
fuzzy probabilities Qijk = Σαijk / ak as the (fuzzy) probability that if we are at a state i and 
make a decision j, we go to state k. Associated with this are fuzzy benefits Bijk where  

Σ / .ijk ijk kB b′= β  

3.2 The model 

A fuzzy belief in a score, Σαi / xi, can be defined for the probability that a supplier’s 
performance score falls in an interval [a, b] by using 

inf1
1 inf

i i
i i i

i i

p x a
x a

=
⎡ − ⎤
−⎢ ⎥+ −⎣ ⎦

∑ ∑α α  

where inf refers to the shortest distance from the observed score to the interval, as 
measured over ai ∈ [a, b] for each i. If the score, xi, is ‘far away from [a, b]’, then 

inf
1 inf

i i

i i

x a
x a
−

+ −
 is close to 1 and, the probability, pi, is close to 0. If xi is ‘very close to  

[a, b]’, then 
inf

1 inf
i i

i i

x a
x a
−

+ −
 is close to 0 and pi is close to 1. 

Then the fuzzy scores for two criteria, OD and quality product (QP), can be denoted 
as Σαi / ci and Σβj / dj, respectively. Letting [ac, bc] and [ad, bd] be the intervals for the 
scores for criteria OD and QP, then the fuzzy probabilities can be computed for Σαi / ci 
and Σβj / dj, respectively, as follows: 

inf1
1 inf

i

i c

i c

c v
c v

⎡ − ⎤
−⎢ ⎥+ −⎣ ⎦

∑ α  (7) 

inf
1

1 inf

i

j d

j d

d w
d w

⎡ − ⎤
−⎢ ⎥+ −⎣ ⎦

∑ β  (8) 

where vc ∈ [ac, bc] and wd ∈ [ad, bd]. 
Then (1) and (2) can be rewritten as belief-weighted fuzzy probability measures, 

Σαi / pic and Σβj / pjd. It is next desired to measure how the fuzzy probabilities for OD and 
QP fit the manager’s assessment of fuzzy goals for each criterion. The process described 
above is detailed in the following algorithm. 
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3.2.1 Algorithm 

1 Define fuzzy scores as: 
1

kn

k ik ik
i

s c
=

=∑α  for each criterion c1, c2,…cp where αik is the 

belief that score, cik, is realistic or representative of a criterion. 

2 Define intervals by which the score will be assessed qualitatively such that the Ijk for 
k are disjoint intervals. Then compute the fuzzy probabilities of falling in intervals Jk 

due to score, sk as 
1

kn

k ik ik
i

p p
=

=∑α  where, pik = inf | cik – vk | / [1 + inf | cik – vk | ] and 

the inf is over vk ∈ Jk. 

Note that if the score is contained in the numerical range specified for the 
qualitatively defined intervals, then pk = 1. 

3 Express each criterion, ck, as a goal to be met defined by the fuzzy probability; 

1

km

k jk jk
j

Q h
=

=∑β  where hjk are the desired probabilities for falling in some interval 

Ijk, j = 1, 2,…,mk and βjk are beliefs in the goals. 

4 Let Ajk = { i | pik ∈ Ijk}. For i ∈ Ajk, pick hjk to match the pik. 

5 A measure of how well pk and qk coincide is their largest intersection defined by 

{ }Max
, 1, 2,

k ik jk

jk k

H
i A j m

= ∧

∈ = …
α β

 

6 The fit over all criteria c1, c2,…cp is then 1Min .k p
kH ≤ ≤  

4 Application of proposed model 

A set of data was simulated to represent a group of 68 potential suppliers out of a larger 
pool of suppliers with which the firm maintains relationships. The representative firm 
manufactures complex, multi-component products and utilises a just-in-time (JIT) 
supplier delivery system thus, has a need for quality and delivery performance in its 
supplier selection. Out of a couple hundred suppliers, these 68, as designated by a unique 
ID number, represent delivery problems in a hypothetical 12 shipments by the group of 
suppliers with varying combinations of performance scores with respect to OD and 
quality of product (QP). The numbers of early or late deliveries are noted as well as any 
sub-standard quality designated by non-conformance to design and/or damaged items. 

Within JIT production operations, problems are created by either early or late 
delivery (ED, LD), respectively, of the purchased material. Early delivery (ED) of a 
purchased material will inhibit efficient transfer of the product from the supplier to the 
purchaser because loading bays and personnel are limiting factors. Early arrivals might 
be forced to hold in the bay area until unloading bays become available and personnel are 
reassigned to that bay. This problem can be resolved, but is inefficient and potentially 
costly for the supplier and purchaser and becomes more critical the earlier or later a truck 
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arrives from its designated delivery window. For this model application, it is assumed 
that these 68 suppliers miss the window infrequently but have a pattern of behaviour 
oriented toward being early or late. It is also assumed that the company wants to continue 
doing business with these suppliers or at least a subset of this group. At a basic level, ED 
and LD will also increase the overall cost of goods sold because either extra warehouse 
space will be required for management of the ED stock, or production line efficiency will 
suffer as a result of LD material. This model does not directly address those costs, but the 
fuzzy logic selection of the best likely supplier should minimise these expenses. 

The quality of the supplier’s delivered product will also create problems for a 
purchaser when the product cannot be immediately used. For this model, the rejection 
rate of a supplier’s product will be related to either non-conformance to design 
specifications (NCP) or any extent of damaged product (DP). In each situation, the 
company must work around its production schedule or its distribution orders until the 
supplier can fill the order correctly, or they must use the damaged product or repair it 
themselves. The company can order additional items and increase the safety stock in 
anticipation of non-conforming or damaged parts but this will increase holding costs 
within the purchaser’s organisation and runs contrary to the principles of supply chain 
efficiency. Again, these 68 suppliers represent patterns for non-conforming and damaged 
goods reflecting their general company behaviour of packaging and loading the trucks or 
working around product availability. It is assumed that these suppliers can provide the 
necessary product at the price that management wants to pay such that at least a subset of 
these available suppliers should be kept. 

By Step 1 of the algorithm, fuzzy set-based membership functions could be defined 
containing belief in the scores calculated for each supplier’s OD and QP where OD was 
composed of ED and late delivery (LD) shipments, and QP was composed of 
non-conforming or damaged (DP) products in the shipment. The supplier observed 
performances could then be sorted by orientation toward ED or LD for OD. Based upon 
the 12 shipments, suppliers #1–17 had a stronger ED orientation and a stronger damaged 
product (DP) quality; suppliers #22–38 were more ED oriented in OD and more  
non-conforming product (NCP) oriented in QP; suppliers #104–120 were more LD 
oriented in OD and more damaged product in QP; and suppliers #121–137 were more LD 
performers in OD and more NCP oriented in QP. Belief functions were assigned to each 
supplier’s performance according to the decision maker’s opinion of the strength of 
representation for each OD and QP orientation (ED, LD, NCP and DP). For these 
examples, suppliers #1 through 17 had a tightly clustered grouping of performance 
suggesting arrivals from an hour to two hours early, so expert opinion for these suppliers 
as being representative of ED suppliers was set strong (0.9). Suppliers #22 through 38 
had a wider dispersion of performance ranging from generally an hour or two early to 
occasionally an hour late which while still placing them generally in the ED on-time 
mode resulted in less belief that they would always be early, so a moderately strong belief 
was assigned (0.8) that these were representative of suppliers with this particular OD 
performance. Although a supplier might be more oriented toward early or LD, obviously, 
the supplier was not always early or always late. 

Similarly, the supplier might be more likely to have production problems that result in 
NCPs or warehouse storage and shipping problems resulting in damaged product but, 
again, these were not the norm for any supplier. Belief functions were therefore 
determined through expert opinions resulting from evaluation of previous performances 
of these suppliers for the quality of the product delivered (QP). The expert opinions were 
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then assigned to each degree of membership as indicated by the performance records for 
OD and QP. Suppliers #1 to #17, overall, were believed to have membership: 0.9 as ED, 
0.8 as LD, 0.8 as NCP, and 0.7 as DP. 

Thus, the membership function for Supplier #1 is as follows: 0.9/ED + 0.8/LD where 
Supplier #1 had 8 out of the sample of 12 shipments delivered early and four shipments 
as late so the belief functions would be 0.9/8 + 0.8/4 (OD performance). In a similar 
manner the beliefs for QP would be translated as 0.8/NCP + 0.7/DP or 0.8/5+ 0.7/7 (QP 
performance) since the supplier had five shipments with non-conforming items and seven 
shipments containing damaged goods. Supplier #2 has the same belief in overall 
membership, but a difference in performance for the quality of the product. 

A similar process was followed for creating membership functions for the remaining 
suppliers. The belief function applied to Suppliers #22–38 was 0.8/ED, 0.9/LD, 0.7/NCP 
and 0.85/DP. The belief function applied to Suppliers #104–120 was 0.85/ED, 0.7/LD, 
0.6/NCP and 0.9/DP. Finally, the belief function applied to Suppliers #121–137 was 
0.75/ED, 0.8/LD, 0.75/NCP and 0.8/DP. Table 1 shows the membership functions of 
each of the representative suppliers for OD and QP. 
Table 1 Supplier membership functions for OD and QP performance 

ID OD QP ID OD QP 

1 0.9/8 + 0.8/4 0.8/5 + 0.7/7 104 0.85/5 + 0.7/7 0.6/5 + 0.9/7 

2 0.9/8 + 0.8/4 0.8/2 + 0.7/10 105 0.85/2 + 0.7/10 0.6/3 + 0.9/9 

3 0.9/8 + 0.8/4 0.8/2 + 0.7/10 106 0.85/5 + 0.7/7 0.6/5 + 0.9/7 

4 0.9/8 + 0.8/4 0.8/4 + 0.7/8 107 0.85/5 + 0.7/7 0.6/4 + 0.9/8 

5 0.9/9 + 0.8/3 0.8/4 + 0.7/8 108 0.85/5 + 0.7/7 0.6/5 + 0.9/7 

6 0.9/7 + 0.8/5 0.8/5 + 0.7/7 109 0.85/4 + 0.7/8 0.6/4 + 0.9/8 

7 0.9/8 + 0.8/4 0.8/1 + 0.7/11 110 0.85/5 + 0.7/7 0.6/5 + 0.9/7 

8 0.9/9 + 0.8/3 0.8/4 + 0.7/8 111 0.85/4 + 0.7/8 0.6/5 + 0.9/7 

9 0.9/9 + 0.8/3 0.8/5 + 0.7/7 112 0.85/5 + 0.7/7 0.6/4 + 0.9/8 

10 0.9/7 + 0.8/5 0.8/4 + 0.7/8 113 0.85/0 + 0.7/12 0.6/4 + 0.9/8 

11 0.9/7 + 0.8/5 0.8/5 + 0.7/7 114 0.85/2 + 0.7/10 0.6/5 + 0.9/7 

12 0.9/7+ 0.8/5 0.8/3 + 0.7/9 115 0.85/3+ 0.7/9 0.6/5 + 0.9/7 

13 0.9/7 + 0.8/5 0.8/5 + 0.7/7 116 0.85/2 + 0.7/10 0.6/5 + 0.9/7 

14 0.9/7 + 0.8/5 0.8/4 + 0.7/8 117 0.85/4 + 0.7/8 0.6/5 + 0.9/7 

15 0.9/9 + 0.8/3 0.8/4 + 0.7/8 118 0.85/3 + 0.7/9 0.6/3 + 0.9/9 

16 0.9/7 + 0.8/5 0.8/5 + 0.7/7 119 0.85/5 + 0.7/7 0.6/2 + 0.9/10 

17 0.9/7 + 0.8/5 0.8/2 + 0.7/10 120 0.85/5 + 0.8/7 0.6/2 + 0.9/10 

22 0.8/8 + 0.9/4 0.7/10 + 0.85/2 121 0.75/3 + 0.8/9 0.75/7 + 0.8/5 

23 0.8/8 + 0.9/4 0.7/7 + 0.85/4 122 0.75/4 + 0.8/8 0.75/7 + 0.8/5 

24 0.8/8 + 0.9/4 0.7/7 + 0.85/5 123 0.75/5 + 0.8/7 0.75/9 + 0.8/3 
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Table 1 Supplier membership functions for OD and QP performance (continued) 

ID OD QP ID OD QP 

25 0.8/11 + 0.9/1 0.7/7 + 0.85/5 124 0.75/5 + 0.8/7 0.75/8 + 0.8/4 
26 0.8/7 + 0.9/5 0.7/7 + 0.85/5 125 0.75/4 + 0.8/8 0.75/8 + 0.8/4 
27 0.8/9 + 0.9/3 0.7/9 + 0.85/3 126 0.75/4 + 0.8/8 0.75/10 + 0.8/2 
28 0.8/10 + 0.9/2 0.7/7 + 0.85/4 127 0.75/2 + 0.8/9 0.75/7 + 0.8/5 
29 0.8/8 + 0.9/4 0.7/9 + 0.85/3 128 0.75/5 + 0.8/7 0.75/7 + 0.8/5 
30 0.8/7 + 0.9/5 0.7/9 + 0.85/3 129 0.75/2 + 0.8/10 0.75/11 + 0.8/1 
31 0.8/9 + 0.9/2 0.7/10 + 0.85/2 130 0.75/2 + 0.8/10 0.75/7+ 0.8/5 
32 0.8/12 + 0.9/0 0.7/10+ 0.85/2 131 0.75/5 + 0.8/7 0.75/7 + 0.8/5 
33 0.8/7 + 0.9/5 0.7/10+ 0.85/2 132 0.75/5 + 0.8/7 0.75/7 + 0.8/5 
34 0.8/7 + 0.9/5 0.7/11 + 0.85/1 133 0.75/5 + 0.8/7 0.75/7 + 0.8/5 
35 0.8/8 + 0.9/4 0.7/9 + 0.85/3 134 0.75/5 + 0.8/7 0.75/7 + 0.8/5 
36 0.8/8 + 0.9/4 0.7/11 + 0.85/1 135 0.75/4 + 0.8/8 0.75/11 + 0.8/1 
37 0.8/9 + 0.9/3 0.7/11 + 0.85/1 136 0.75/4 + 0.8/8 0.75/11 + 0.8/1 
38 0.8/8 + 0.9/4 0.7/9 + 0.85/3 137 0.75/4 + 0.8/8 0.75/9 + 0.7/3 

Using Step 2 of the algorithm, intervals must be defined for the range of possible scores 
[0, 12]. To do this, qualitative descriptions of the intervals (high, moderately high, 
moderately low, and low) were assigned numerical values for OD and QP by averaging 
the 68 scores for OD and product quality performance. For example, the mean for ED 
performance observed for all suppliers in the sample was 5.96 with a standard deviation 
of 2.44. These statistics were used to define moderately low and moderately high scores 
based on μ ± σ, such that moderately low was [μ – σ, μ] and moderately high was 
[μ, μ + σ], which satisfied 68% statistical confidence in our results [see Shipley and 
DeKorvin (1995) for relationship of statistical confidence to setting of ranges]. Based on 
the minimum score of 0 and maximum score of 12, the next two quantitative variables of 
low and high were defined. Thus, for ED, low was defined as [0, 3.4], moderately low as 
[3.5, 5.96], moderately high as [6, 8.4] and high as [8.5, 12]. Ranges for LD were based 
on the mean of 5.97 and standard deviation of 2.47 resulting in the same ranges as for 
ED. The mean score for NCP was 6.28 with a standard deviation of 2.72, therefore, low 
was set at [0, 3.59], moderately low as [3.6, 6.28], moderately high as [6.29, 9] and high 
as [9.1, 12]. With mean 5.68 and standard deviation of 2.73, ranges for DP were set as 
low of [0, 2.93], moderately low as [2.94, 5.68], moderately high as [5.69, 8.41] and high 
as [8.42, 12]. 

It is assumed for purposes of this application, that the receiving company does not 
want either a weak orientation or a strong orientation toward one OD or QP over another, 
but can deal with early and late deliveries and non-conforming and damaged products in 
moderation. Moderate was considered to be the ranges combined from moderately low 
and moderately high such that the range considered for membership in moderate would 
be [μ – σ, μ + σ]. Thus, if any supplier’s score falls within moderately low or moderately 
high, the supplier has perfect membership in the qualitatively defined moderate 
requirement. Then, again using Step 2 of the algorithm, fuzzy probabilities of falling 
within the moderate range (moderately high or moderately low) were determined. For 
example, under the OD criterion, Supplier #1 has a score of 8 for ED which falls with the 
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moderately high range of [6, 8.4]. Thus for ED, the supplier has complete membership 
(fuzzy probability that the score falls in the interval equals 1.00) because the supplier’s 
ED score is moderately high. With a score of 4 for LD, the supplier’s OD performance 
falls within the qualitatively defined [3.5, 5.96] range, so the supplier’s LD is considered 
to be moderately low (i.e., fuzzy probability for membership is 1.00). Then for Supplier 
#1 with respect to moderate OD defined as [3.5, 8.4] for both ED and LD, 0.9/8 + 0.8/4 
has all inf | ci – vc | = 0 for the scores so fuzzy probability of membership of 1. The belief 
attached to the scores is now translated to membership in the moderate classification such 
that the belief-weighted membership function for Supplier #1 would be, 0.9/moderate + 
0.8/moderate or 0.9/1 + 0.8/1. This means that there is a 0.9 belief that Supplier #1 for 
OD performance has a moderate ED and a 0.8 belief that he/she has a moderate LD.  
This is also true for Suppliers #2–4. However, for Supplier #5 with 0.9/9 + 0.8/3, the  
ED score of 9 falls outside the [6. 8.4] moderately high range so 0.9/ [1 – ( | 8.4 – 9 | / 1 +  
| 8.4 – 9 | )] equals 0.9/0.625 and since the 3 score falls within the low range of [0, 3.4], 
again, inf | dj – wd | ≠ 0, such that 0.8/ [1 – ( | 3.5 – 3 | / 1+ | 3.5 – 3 | )] which equals 
0.8/0.667 and the belief-weighted membership for supplier #5 in 0.9/moderate + 
0.8/moderate is 0.9/0.625 + 0.8/0.667. In a similar manner all OD and QP membership 
functions are determined (see Table 2). 
Table 2 Belief in fuzzy probability of membership in moderate (moderately low or moderately 

high) OD and QP based on confidence of mean + or – one standard deviation for 
moderately low and moderately high classifications 

ID OD QP ID OD QP 

1 0.9/1 + 0.8/1 0.8/1 + 0.7/1 104 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
2 0.9/1 + 0.8/1 0.8/0.385 + 0.7/0.386 105 0.85/0.4 + 0.7/0.385 0.6/0.625 + 0.9/0.629 
3 0.9/1 + 0.8/1 0.8/0.385 + 0.7/0.386 106 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
4 0.9/1 + 0.8/1 0.8/1 + 0.7/1 107 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
5 0.9/0.625 + 0.8/0.667 0.8/1 + 0.7/1 108 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
6 0.9/1 + 0.8/1 0.8/1 + 0.7/1 109 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
7 0.9/1 + 0.8/1 0.8/0.278 + 0.7/0.279 110 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
8 0.9/0.625 + 0.8/0.667 0.8/1 + 0.7/1 111 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
9 0.9/0.625 + 0.8/0.667 0.8/1 + 0.7/1 112 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
10 0.9/1 + 0.8/1 0.8/1 + 0.7/1 113 0.85/0.222 + 0.7/0.217 0.6/1 + 0.9/1 
11 0.9/1 + 0.8/1 0.8/1 + 0.7/1 114 0.85/0.4 + 0.7/0.385 0.6/1 + 0.9/1 
12 0.9/1+ 0.8/1 0.8/0.625 + 0.7/0.629 115 0.85/0.667 + 0.7/0.625 0.6/1 + 0.9/1 
13 0.9/1 + 0.8/1 0.8/1 + 0.7/1 116 0.85/0.4 + 0.7/0.385 0.6/1 + 0.9/1 
14 0.9/1 + 0.8/1 0.8/1 + 0.7/1 117 0.85/1 + 0.7/1 0.6/1 + 0.9/1 
15 0.9/0.625 + 0.8/0.667 0.8/1 + 0.7/1 118 0.85/0.667 + 0.7/0.625 0.6/0.625 + 0.9/0.629 
16 0.9/1 + 0.8/1 0.8/1 + 0.7/1 119 0.85/1 + 0.7/1 0.6/0.385 + 0.9/0.386 
17 0.9/1 + 0.8/1 0.8/0.385 + 0.7/0.386 120 0.85/1 + 0.8/1 0.6/0.385 + 0.9/0.386 
22 0.8/1 + 0.9/1 0.7/0.5 + 0.85/0.512 121 0.75/0.667 + 0.8/0.625 0.75/1 + 0.8/1 
23 0.8/1 + 0.9/1 0.7/1 + 0.85/1 122 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
24 0.8/1 + 0.9/1 0.7/1 + 0.85/1 123 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
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Table 2 Belief in fuzzy probability of membership in moderate (moderately low or moderately 
high) OD and QP based on confidence of mean + or – one standard deviation for 
moderately low and moderately high classifications (continued) 

ID OD QP ID OD QP 
25 0.8/0.278 + 0.9/0.286 0.7/1 + 0.85/1 124 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
26 0.8/1 + 0.9/1 0.7/1 + 0.85/1 125 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
27 0.8/0.625 + 0.9/0.667 0.7/1 + 0.85/1 126 0.75/1 + 0.8/1 0.75/0.5 + 0.8/0.515 
28 0.8/0.385 + 0.9/0.4 0.7/1 + 0.85/1 127 0.75/0.4 + 0.8/0.625 0.75/1 + 0.8/1 
29 0.8/1 + 0.9/1 0.7/1 + 0.85/1 128 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
30 0.8/1 + 0.9/1 0.7/1 + 0.85/1 129 0.75/0.4 + 0.8/0.385 0.75/0.333 + 0.8/0.34 
31 0.8/0.625 + 0.9/0.4 0.7/0.5 + 0.85/0.512 130 0.75/0.4 + 0.8/0.385 0.75/1+ 0.8/1 
32 0.8/0.217 + 0.9/0.222 0.7/0.5 + 0.85/0.512 131 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
33 0.8/1 + 0.9/1 0.7/0.5+ 0.85/0.512 132 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
34 0.8/1 + 0.9/1 0.7/0.333 + 0.85/0.34 133 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
35 0.8/1 + 0.9/1 0.7/1 + 0.85/1 134 0.75/1 + 0.8/1 0.75/1 + 0.8/1 
36 0.8/1 + 0.9/1 0.7/0.333 + 0.85/0.34 135 0.75/1 + 0.8/1 0.75/0.333 + 0.8/0.34 
37 0.8/0.625 + 0.9/0.667 0.7/0.333 + 0.85/0.34 136 0.75/1 + 0.8/1 0.75/0.333 + 0.8/0.34 
38 0.8/1 + 0.9/1 0.7/1 + 0.85/1 137 0.75/1 + 0.8/1 0.75/1 + 0.7/1 

Next, the company’s management (Step 3 of the algorithm) specifies the goal levels for 
the OD and QP acceptable for the suppliers that will be utilised. Fit of the suppliers’ 
performance to the target goal allowable is then calculated (Steps 4 and 5 of the 
algorithm) based on the goals specified. 

For purposes of this application, two scenarios were considered using the data in 
Table 1 and the subsequent membership functions given in Table 2 for moderate OD or 
QP. 

4.1 Scenario 1 

The assumption utilised for this scenario is that the company has the warehouse capacity 
to handle a moderate amount of early deliveries and also the ability to work around late 
deliveries because of a busy production schedule for other products that can be worked 
on until the shipment from the supplier arrives. Similarly, the company can deal with 
non-conformance to design items or damaged products without causing a backlog in 
production expecting any non-conforming or damaged products to be replaced or 
repaired by the next day’s shipment. 

In scenario 1, no probability of membership less than 0.8 is acceptable for either OD 
or QP but there is stronger belief (0.9 over 0.8) that the membership should be very close 
or totally within moderate such that by Step 3 of the algorithm 0.8/(0.8 ≤ p1 ≤ 0.9) 
+ 0.9/(0.9 ≤ p1 ≤ 1). In this scenario, the company wants suppliers who are not strongly 
oriented toward a high or low pattern of performance for a particular OD (i.e., generally 
early or late) or QP (trends toward non-conforming items or damaged goods). In essence, 
generally OD and reasonable rejection rates of delivered product are desired. Therefore, a 
moderate usage of any performance parameter is considered. Using the general goals 
stated above, the fit of Suppliers # 1, 4, 6, 10, 11, 13, 14, and 16 according to the  
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belief-weighted membership functions (Table 2) is the Min {Max for OD; Max for QP} = 
Min {Max (0.9 ∧ 0.9, 0.9 ∧ 0.8), Max (0.8 ∧ 0.8, 0.7 ∧ 0.8)} = Min {0.9, 0.8} = 0.8. 
Suppliers # 2 and 3 have fit = 0 for the stated goals since the QP has membership of only 
0.385 to moderate NCP and 0.386 to moderate DP. Thus, Min (0.8, 0) = 0. Similarly, 
Supplier # 5 has fit of 0 to the goals since 0.667 does not fit within the desired goal 
ranges of 0.8 to 1. Continuing with Suppliers #22–38, only 23, 24, 26, 29, and 30 have a 
fit of 0.8 as calculated by: Min {Max (0.8 ∧ 0.9, 0.9 ∧ 0.9), Max (0.7 ∧ 0.8, 0.8 ∧ 0.85)} 
= Min {0.9, 0.8} = 0.8. All others have zero fit to the stated goals. The fit calculations for 
the remainder of the dataset are shown in Table 3. 
Table 3 Scenario 1 results showing fit of suppliers to goals for strong to moderately strong 

belief in moderate OD and QP 

ID OD 
0.8/(0.8 ≤ p1 ≤ 0.9) + 0.9/(0.9 ≤ p1 ≤ 1) 

QP 
0.8/(0.9 ≤ p2 ≤ 1)+ 0.9/(0.8 ≤ p2 ≤ 0.9) Fit 

1 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
4 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
6 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
10 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
11 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
13 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
14 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
16 0.9/1 + 0.8/1 0.8/1 + 0.7/1 0.8 
23 0.8/1 + 0.9/1 0.7/1 + 0.85/1 0.8 
24 0.8/1 + 0.9/1 0.7/1 + 0.85/1 0.8 
26 0.8/1 + 0.9/1 0.7/1 + 0.85/1 0.8 
29 0.8/1 + 0.9/1 0.7/1 + 0.85/1 0.8 
30 0.8/1 + 0.9/1 0.7/1 + 0.85/1 0.8 
104 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
106 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
107 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
108 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
109 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
110 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
111 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
112 0.85/1 + 0.7/1 0.6/1 + 0.9/1 0.8 
122 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
123 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
124 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
125 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
128 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
131 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
132 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
133 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
134 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
137 0.75/1 + 0.8/1 0.75/1 + 0.8/1 0.8 
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For Scenario 1, it can be observed that all of the suppliers identified in Table 3 have 
perfect fuzzy probability of having the score as 0.8 (very close) to 1 (within) the 
qualitatively defined moderately low or moderately high intervals. The degree of this fit 
is moderately strong at 0.8. Note that suppliers #2, 3, 7, and 17, for example, are omitted 
because these suppliers are strongly oriented toward a damaged product (DP) QP. 
Suppliers #22, 31, 32, 33, 34, 36, and 37, were eliminated because they are strongly 
oriented toward a NCP QP performance. Other suppliers would be similarly eliminated 
by lack of fit to the company’s strategic goals. 

4.2 Scenario 2 

The company managers could believe that a particular job requires a dominant OD  
or QP performance. In Scenario 2 (Table 4), the company places strong belief on a low 
(0.3 ≤ p1 ≤ 0.5) to moderate (0.51 ≤ p1 ≤ 0.7) fuzzy probability that the supplier’s 
performance should fit very close to within the moderate OD and QP. Table 4 shows the 
results of this change in the fitness calculation. 
Table 4 Scenario 2 results for fit of suppliers to goals for high belief in low to moderate 

probability of OD and QP within the moderate score interval 

ID 
OD 

0.8/(0.3 ≤ p1 ≤ 0.5)  
+ 0.9/(0.51 ≤ p1 ≤ 0.7) 

QP 
0.8/(0.3 ≤ p2 ≤ 0.5) 

+ 0.9/(0.51 ≤ p2 ≤ 0.7) 
Fitness 

31 0.8/0.625 + 0.9/0.4 0.7/0.5 + 0.85/0.512 0.8 
32 0.8/0.217 + 0.9/0.222 0.7/0.5 + 0.85/0.512 0 
37 0.8/0.625 + 0.9/0.667 0.7/0.333 + 0.85/0.34 0.8 
105 0.85/0.4 + 0.7/0.385 0.6/0.625 + 0.9/0.629 0.8 
118 0.85/0.667 + 0.7/0.625 0.6/0.625 + 0.9/0.629 0.8 
129 0.75/0.4 + 0.8/0.385 0.75/0.333 + 0.8/0.34 0.8 

The suppliers in this pool have strong orientations with #31, 32 and 37 more strongly 
likely to have ED but also more strongly likely to have NCPs in these early deliveries. 
However, Supplier #32 would not be selected because he/she has deviations of every 
score from the mean. Supplier # 105, 118 and 129 are more strongly likely to have late 
deliveries with the first two strongly likely to have damaged goods and the latter most 
strongly likely to have NCP. Assuming that non-conforming product if only slightly 
deviated from design such that adjustments can be made are more easily dealt with than 
damaged goods whether early or late in delivery, the company would select suppliers 
#31, 37 and 129. If damaged goods as a criterion are not a deterrent based on the 
company’s ability to work around its production schedule until replacement of QPs, then 
the company can feasibly work with all supplies except #32. 

5 Results and analysis 

The degree of fit for a supplier’s performance orientation is dependent on the setting of 
the intervals and the belief in the high or low fuzzy probability for membership in the 
defined intervals. Thus, the process measures the distance from the minimum upper or 
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lower bound and uses this minimum distance to predict the fuzzy probability of fitting 
into the designated interval. The model then assesses the strong to weak belief for 
achieving specified goal fuzzy probability ranges. While one attribute may fit a goal level 
and the strength of the probability of achieving this goal, if the other attribute is not met, 
the supplier is not selected. 

For the scenarios presented, there was strong or moderately strong belief assigned to 
the probability that the selected supplier would have an acceptable level of OD and QP 
performance where the degree of fit is the minimum belief in membership of the 
supplier’s score to the purchaser’s goal. Thus, if belief is low for any goal then the 
supplier has low fit to the goal. This indicates the importance of believing strongly in the 
goals that are determined. There is a maximum degree of Fit that can be achieved based 
on the beliefs in the scores for any supplier. 

Any expert opinion assignments of beliefs could be used based on an inspection and 
interpretation of belief in the representation of the scores. If the expert considers the data 
to be realistic, then strong levels of belief are assigned, otherwise, low belief. In practice, 
if the expert considers the data not to have at least moderately strong reliability, then the 
dataset would be discarded for better sampling results. 

Similarly, while fuzzy logic is not a stochastic process, setting of intervals based on 
standard deviations has been shown to coincide with statistical confidence (Shipley and 
De Korvin, 1995). Therefore, by using one-standard deviation from the mean for each set 
of OD and QP performance scores, confidence in the resulting list of suppliers to be 
selected is approximately 68%. 

For Scenario 1, there is a set of diverse suppliers to be selected based on a moderately 
strong fit of 0.8 to the specified goals. From Suppliers #1–17 who would be classified as 
ED and DP according to convention, the pool included several who scored 7 or 8 in each 
criterion. From Suppliers #22–38, five were selected with scores from 7 to 9 on either ED 
or NCP. Eight in the third group had high LD and DP scores while 10 from the fourth 
group had high LD and NCP scores. The latter group (Suppliers #121–137) had fewer 
suppliers with major deviations indicating strength in either criterion. Again, all suppliers 
in the resulting pool had the same fit to goals of 0.8 but the pool contains a mix of OD 
and QP. When Scenario 2 sought divergence outside of the specified confidence range in 
order to find candidates with a strong orientation toward a particular OD or QP 
performance, three suppliers were strongly ED and NCP suppliers, two were strong LD 
and DP suppliers and one was a strong LD and NCP supplier. This list should be studied 
further to either accept an orientation or work around it, or to redesign the schedule to 
facilitate the supplier’s performance behaviour. 

6 Conclusions 

An algorithmic process for supplier selection is developed based on meeting performance 
criteria to varying degrees. Fuzzy sets then allow membership in the linguistic states and 
experts determine fuzzy probabilities that the supplier has a particular performance 
behaviour. Managerial goals for these performance criteria are set to recognise the 
integrative nature of the production process and vendor performance. Scenarios are given 
that illustrate the manufacturer’s tolerance for supplier performance behaviour with 
respect to OD and product quality. Then based on fuzzy probabilities of meeting or 
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exceeding the company goals, a degree of fit to the goals is derived allowing a rank 
ordering of suppliers for specific situations. 

This fuzzy approach considers beliefs in the likelihood of attaining the goals instead 
of assigning a crisp value of importance to each criterion. While models can determine 
that OD versus quality of product delivered be relatively weighted in importance, setting 
goals allows aspects of each to be considered as equally important with varying degrees 
of belief. Strengths and weaknesses of supplier performance can be evaluated by 
allowing degrees of membership in a goal criterion. The process is dynamic, changing as 
the goals change in any particular situation thus satisfying the situation-specific benefit 
described as important in the literature. Goal setting is intended to guide strategies and 
actions of the firm given the situations in which the company must operate at a given 
point in time. Differing decision making situations are shown to select different sets of 
suppliers as best fitting the managerial goals at that time. The model contributes to a 
stated need in the supplier selection literature for competing goals focused upon OD and 
quality assurance, while also filling a void in existing models to assess whether 
evaluation criteria are aligned with the company’s strategy. Thus, this goal setting 
approach is in direct support of citations in the literature review (Section 2) that supplier 
selection should involve goals and that the criteria in these goals should be oriented 
toward the firm’s strategic initiatives. This research contributes a modelling approach 
presented to fill an identified need in the existing literature and has implications for 
mangers in making operational decisions on suppliers to be aligned with the company’s 
strategic plans and initiatives. 

Given that most firms do not formally evaluate their suppliers, this model also 
contributes to the initiatives toward an effective supplier ranking processes. The 
Algorithm presented allows the supplier selection criteria to be across multiple 
dimensions besides the more traditionally recognised quality and delivery performance 
and even price, to include such aspects detailed in more recent literature of reliability, 
continuous improvement and channel relationships, to name a few. Thus, the model’s 
rigor supports any number of decision criteria and allows ease of calculations through 
spreadsheet usage. This latter point is a significant benefit to those firms where data 
gathering and analysis is prohibitive due to cost constraints, especially small to medium 
size enterprises (SME) , thus, making it a recommended consideration for SMEs. 

Future research will attempt to find a SME willing to share its data and its managerial 
goals for supplier selection, by specific product and/or type of production problem so as 
to replicate these contents. As an extension, an available dataset for seven suppliers in the 
electronics industry will be used whereby the criteria of product quality and OD will be 
expanded into attributes that define each criterion. This extensive multi-criteria decision 
making process will then be developed into a spreadsheet-based, interactive expert 
system that would benefit companies of any size. 
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