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Abstract 

We examine the impact of RFID-point of sale data sharing on ordering decisions in a two-echelon supply 

chain.  Theoretical studies have shown that accessibility to point of sale data can impact supply chain 

dynamics.  We study this phenomenon from a behavior examination in the content of a simple, serial 

supply chain that is subject to stochastic demand and information time-lags using a controlled simulation 

experiment.  Of obvious practical importance; RFID has been the subject of intense discussion and 

research since the Wal-Mart and U.S. Department of Defense mandates.  Within the retail supply chains, 

there are great expectations for RFID-capturing and real-time demand information sharing, key for 

improving supply chain performance.  One belief, in particular, is that sometime in the near future, retail 

customers can move their basket of goods into a designated read-zone where all of the items will be read 

and automatically charged to their credit card before leaving the store, while all inventory records among 

all supply chain partners are updated.  The purpose of this research is to test this belief.  We discuss the 

implications of our work and identify future research needs. 

 

Key words:  RFID, experimental study, supply chain management 

 



Impact of RFID-Point of Sale Data Sharing:  An Experimental Study 

 

1. Introduction  

RFID (radio frequency identification) is certainly not a new technology, but recent advancements in 

related information and communication technologies (ICT) coupled with industry mandates continues to 

spark interest in its use.  Experts in the RFID industry hype it as an exciting technology with applications 

that will transform supply chains into more effective systems by reducing costs and enhancing supply 

chain capabilities (Bagchi et al., 2007; Reyes et al., 2007).  While disbelievers see RFID as little more 

than upgraded bar codes considered both unreliable and costly and argue serious issues regarding 

consumer privacy (Reyes et al., 2007).   

There are several documented reports of RFID technology used in commerce.  Animal tracking, 

toll tags, and cashless payments (like Mobile Speedpass®) were among the earlier uses (Småros and 

Holmström, 2000; Prater et al., 2005; Reyes and Frazier, 2007).  While other more recent novel 

applications include casino chips embedded with RFID for tracking consumer behavior, tracking patients 

in hospitals and the heath care industry, gaining building access in military and government facilities, and 

tracking assets and inventory (Reyes, 2006a, 2006b). 

With continued improvement and widespread adoption, RFID is expected to lead to other novel 

applications.  Moreover, within the retail supply chains, there are great expectations for RFID-capturing 

and real-time demand information sharing, key for improving supply chain performance.  One belief, in 

particular, is that sometime in the near future, retail customers can move their basket of goods into a 

designated read-zone where all of the items will be read and automatically charged to their credit card 

before leaving the store, while all inventory records among all supply chain partners are updated.  The 

purpose of this research is to test this belief.   

This study reports on the results of a controlled experiment comparing human ordering behavior, 

with and without access to RFID-point of sale data, in a simple, serial supply chain that is subject to 

stochastic demand and information time-lags.  The remainder of the paper is organized as follows.  The 
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next section reviews the related literature.  Section 3 outlines the experimental design, simulation 

procedures, and describes the experiment.  Section 4 presents the results.  Section 5 suggests the impact 

on supplier-customer dyad and section 6 concludes.   

 

2. Literature Review 

A literature study approach is twofold:  first to perform a literature search covering the area of bullwhip 

effect and the value of shared information to reduce the bullwhip effect in order to design and carry out 

our RFID study.  Because the literature constitutes slightly more than five decades, we describe some of 

the more relevant literature.   

 

2.1. Bullwhip Effect 

The phenomenon of demand amplification was first demonstrated by Forrester (1958), which was further 

studied by Sterman (1989), and then introduced as the “bullwhip effect” by Lee and Billington (1993).  

The bullwhip effect refers to the observation in the variability of orders in supply chains increases as they 

move closer to the source of production.  This effect, which distorts information up and down the supply 

chain, creates inefficiencies in supply chain operations.  Among these include excessive inventories, loss 

of revenues, and inaccurate plans throughout the supply chain.   

Wu and Katok (2006) classify the previous research into two categories, operational causes and 

behavioral causes explaining the bullwhip effect.  Lee et al. (1997a, 1997b) identified four major 

operational causes of the bullwhip effect:  demand forecast updating, order batching, price fluctuation, 

and rationing and gaming.   

Previous research on the behavioral causes of the bullwhip effect also focuses on ways to reduce 

it (Wu and Katok, 2006).  Metters (1997) examined a lead time reduction strategy for eliminating the 

bullwhip effect – which would also generate significant savings in pipeline inventories and other related 

costs, while increasing revenues with the increase attention to customer service.  Kelle and Milne (1999) 

focused on the (s,S) policy parameters, demand parameters, and cost coefficients that influence the 
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variability of orders; concluding that small frequent orders can reduce the effect of high variability.  

Disney et al. (2006) demonstrated that high customer service levels are measured by fill-rates, and smooth 

replenishments will not increase inventory costs.  This was further demonstrated by Boute et al. (2007), 

where smooth order patterns generated shorter and less variable lead times resulting in low safety stock 

levels 

 

2.2. Value of Shared Information 

Cachon and Fisher (2000) discuss the value of information sharing in supply chain management, further 

suggesting that solely exchanging inventory and demand information among supply chain members is not 

enough.  Information sharing should be used to improve operations, such as reduced lead times, to gain 

competitive advantage.  This was further examined by Chen et al. (2000) by considering the demand 

forecast and order lead time in a two-echelon supply chain system.   

Thonemann (2002) investigated the use of advanced demand information for improving supply 

chain performance.  Using a controlled simulation experiment, Croson and Donohue (2003) showed that 

sharing point of sale information helped reduce some of the components of the bullwhip effect.   

 

2.3. RFID 

The application of RFID technology to improve supply chain coordination and control promises a variety 

of performance benefits in the coming years (Angeles, 2005; Prater et al., 2005; Reyes and Jaska, 2006).  

The promises include cost reductions based on automating processes like replenishment systems, 

procurement, inbound logistics, storage, and outbound logistics.  RFID is being hailed as a significant 

improvement over the conventional technology, promising to close the information gaps in supply chain 

operations.  When compared to the conventional approaches, such as barcode or manual data entry, RFID 

enables for a more efficient automatic data acquisition, data identification, and information exchange 

among supply chain members for tracking product, sorting, and distribution data collection and analysis 

(Hou, J-L. and Hung, C-H., 2006; Prater et al., 2005; Smith, 2005). 
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RFID is part of a family of information and communication technologies that can be used for 

automated data collection, which as Gupta (2000) points out, could be used to augment ERP systems.  In 

addition, this technology can also facilitate inter-organizational e-commerce initiatives, such as 

continuous replenishment or vendor-managed inventories (Småros and Holmström, 2000).  It is already 

being used in a variety of settings, including animal tracking, asset management, health care, document 

tracking and library management, payment processes, and tracking baggage and packages (Kampers et 

al., 1999; Juban and Wyld, 2004; Kern, 2004; Reyes and Frazier, 2007). 

A variety of perceived benefits are being associated with the introduction of RFID focuses 

primarily on improving the efficiency, accuracy, and security of supply chain management for cost 

savings (Adenso-Diaz and Gascón, 1999; Kärkkäinen, 2003; Kelly and Erickson, 2005; Reyes and 

Frazier, 2007) that will allow companies to be competitive.  Adenso-Diaz and Gascón (1999) further 

point out that in distribution the quality of customer service is an extremely important factor, such as 

error-free delivery, reduced lead times, availability of stock, and so on.   

Given the variety of perceived benefits, it is not reasonable to believe that RFID will totally 

replace the conventional technology.  Yet, its use in supply chain and logistics management is expected to 

induce another industrial revolution much like the Internet technology explosion (Hou, J-L. and Hung, C-

H., 2006).   

 

3. Experimental Design and Simulation Procedures 

Wu and Katok (2006) identified a variety if controlled laboratory studies used by different researchers, 

such as Sterman (1989a, 1989b); Croson and Donohue (2003, 2004); and Crosen et al. (2005), for testing 

behavioral hypotheses.  In this study, we follow the previous experimental research (Sterman, 1989; 

Croson and Donohue, 2003) by conducting experiments within the context of the traditional Beer Game 

that was created by Forrester (1958).  We simulate two traditional Beer Game experiments in order to 

compare human ordering behavior, without and with access to RFID-point of sale data, in a simple, serial 

supply chain that is subject to stochastic demand and information time-lags.  Of obvious practical 
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importance is to test the belief within industry that RFID-capturing and sharing real-time demand 

information will improve supply chain performance.  In particular, we test the belief that sometime in the 

near future, retail customers can move their basket of goods into a designated read-zone where all of the 

items will be read and automatically charged to their credit card before leaving the store.   

The experiments imitate the mechanics of a decentralized, periodic review, supply chain with 

serial echelons.  Each echelon is controlled by a different player.  At each echelon, orders are placed and 

orders are filled over a series of time periods.  As with the traditional Beer Game, this controlled game is 

complicated with order processing and shipment delays between the supplier-customer dyads.   

Deviating from the traditional four-echelon Beer Game, we used a simple two-echelon supply 

chain in order to focus our research on the impact of RFID-point of sale data sharing on ordering 

decisions in a two-echelon supply chain.  In both experiments we controlled a one period delay for order 

processing and shipment.  Demand was uniformly distributed between 2 and 10 and independently drawn 

between periods.  Participants were told they would incur holding costs ($0.50 per unit) and backlog costs 

($1.00 per unit) for each period.  The participants were not informed of the number of periods the 

experiment would run in order to avoid end of game behavior (i.e. over-ordering or under-ordering).  The 

first simulation was used to introduce the participants to the Beer Game in preparation for the treatment of 

interest—the use of RFID point of sale data.  Therefore, the first experiment ran for 36 periods.   

The second simulation incorporated the use of RFID at the retail store in order to capture point of 

sale data used to transmit orders.  Three iterations of this RFID item level testing were conducted.  The 

factors we controlled in this study consisted of the number of items (i.e. demand), the type of RFID tag, 

and distance.  We studied the number of items as with a random uniform distribution of 2, 3, 4, 5, 6, 7, 8, 

9, and 10 items passing the read-range.  We tagged 540 items with generation 2 passive RFID-tags, which 

were attached to the entire inventory of items.  The distance from the antenna studied was at 1-foot, 2-

feet, and 3-feet intervals.   

Our design (number of items, distance), was conducted for three replications with 50 iterations 

for each distance; a total of 150 iterations.  Each consisted of the basket of items moved into the read-
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zone and kept it there for 5-10 seconds before moving them out.  Replenishment orders were placed based 

on the observed demand recorded by the RFID-point of sale.  The number of times the tags were read 

during within the read-zone were recorded.   

 

4. Results 

First, we report on some general observations.  A great deal of time was spent determining the tag 

placement on the item to generate identification accuracy and to avoid interference (or collision) of the 

reads.  The purpose of this primary response test was to determine placement of tags in order to obtain 

good accuracy and repeatability.  It was determined that the characteristic and nomenclature of the item 

determined the sweet-spot for identification accuracy.   

Another observed outcome of the experiment was the affect of automated replenishment orders 

with RFID-point of sale data.  The lead time using the RFID-data capture system was shorter and it was 

obvious to the participants that this reduced information time-lag helped in smoothing out the inventory 

orders. 

The outcome of the three replications is summarized in table one.  The total demand (number of 

inventory items) that passed through the read-zone at a one-foot distance for the first replication was 318 

items, with only 307 (96.54% accuracy) of those items being read.  On average, the number of times each 

of the tags was read was 20.19 times for the 50 iterations. 

 
Table 1:  Descriptive statistics of the three replications 

 Number of 
items 

Number of items 
read 

Accuracy Average number 
of reads 

Standard deviation of average 
number of reads 

1 318 307 96.54% 20.19 4.44 
2 308 305 99.02% 19.82 5.16 
3 281 275 97.86% 19.50 4.68 
 

The second replication was conducted with the basket of inventory items passing at two-feet 

away from the antenna.  In this set, the performance of the accuracy improved to 99.02%, with 305 of the 
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308 inventory items passing through the read-zone read.  However, the average number of times each of 

the tags was read decreased slightly to 19.82.   

Finally, in the third replication with the basket of goods passing three-feet away from the antenna, 

the accuracy performance dropped down to 97.86%.  The average number of times each of the tags was 

read decreased to 19.50.   

 

5. Impact on Supplier-Customer Dyad 

Within the retail supply chains, there are great expectations for RFID-capturing and real-time demand 

information sharing, which is important for improving supply chain dynamics and performance.  Of 

particular interest is the belief that sometime in the near future, retail customers can move their basket of 

goods into a designated read-zone where all of the items will be read and automatically charged to their 

credit card before leaving the store, while all inventory records among all supply chain partners are 

updated.  The purpose of this research was to test this belief.   

The RFID-capturing and real-time demand information sharing appeared to improve 

communication exchange between the supplier-customer dyad.  Ideally, we would like the accuracy of the 

read-rates to be 100%.  However, falling short of 100%, as we did in this controlled experiment, the 

potential for stock-outs is still probable.  Furthermore, customers may not be charged for all of items in 

the basket, resulting in unrealized lost revenues to the retail store.   

 

6. Conclusion 

Based on our findings, the read-rate accuracy still needs some improvement.  Among the obstacles for 

RFID implementation include reducing costs and improving identification accuracy.  With continued 

technology improvement and widespread adoption, RFID infrastructure costs are expected to come down.  

However, we are faced with the “chicken-egg” problem.  For the cost to come down, more adopters are 

needed.  However, the number of adopters may not increase until the cost comes down.   
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Improving identification accuracy will also come at a cost of studying better tag placement.  In 

our study a great deal of time was spent to test the reliability of the read-rates.  Improving the 

identification accuracy could lead to better dyad relationships and supply chain dynamics. 
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