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Abstract

The use of GS1 data standards is envisioned to improve the efficiency of healthcare supply chain, as it did for retail. 
Care providers willing to adopt such a strategy in some or all of their operations often need to invest in process 
changes and technological installations or upgrades; however, they struggle to  project returns on those investments 
and hence, find uncertain ROI a barrier to adoption. We present a hierarchical comprehensive model that helps 
potential adopters of various parts of the standards (what we term levels) evaluate their readiness requirements and  
quantify the impacts of their potential decisions in terms of non-monetary performance measures, such as 
productivity. The model design is showcased through practical examples.
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1. Introduction
The GS1 system of global data standards is emerging as the long needed approach to gaining the efficiencies widely 
seen in other industries that grow from using unambiguous, universally accepted identifiers for products and 
partners/locations. Widespread adoption of all or part of the GS1 system by the thousands of hospital providers is 
essential to making the standards the true common language of the healthcare supply chain industry. Still, most 
potential adopters are hesitant and confused about whether and how to adopt because they lack understanding of the 
associated returns on investment (ROI). What process changes and system enhancements will be required, and what 
benefits can they be expected to produce? 

ROI in the context of GS1 standards is complicated to assess because there is limited actual experience on which to 
draw, and each provider brings different scales and scopes of operations, as well as different supporting information 
systems and partnership arrangements with manufacturers, distributors, and group purchasing organizations (GPOs). 
In addition, GS1 adoption is far from an all-or-nothing choice. Different levels of adoption may be implemented and 
produce value without the rest. Also, the standards may be adopted in all or just parts of a hospital’s supply chain 
operations. (See also references [1-4].) 

The Center for Innovation in Healthcare Logistics (CIHL) at the University of Arkansas, which is an industry-
university partnership to identify and foster system-wide adoption of ground-breaking healthcare supply chain and 
logistic innovations, has been engaged with a number of industry partners and provider sites over the past two years 
in a Data Standards implementation project to understand the costs, barriers and opportunities providers can expect 
in GS1 standards adoption. This paper provides an overview of CIHL’s emerging Levels, Readiness and Impacts 
Model (LRIM) designed to provide a user-friendly (Excel-based) spreadsheet tool helping providers meet their need 
to quantify the investments and benefits they can expect from GS1 adoption choices. LRIM does not attempt to 
estimate dollar costs and benefits. Instead, the model aims to provide quantitative foundations on which those 
economic assessments can be constructed for particular provider settings.



2. LRIM Architecture
LRIM is based on a hierarchical infrastructure
which is discussed with more details in the upcoming sections. These elements consist of: (1) the 
applications that the healthcare provider may opt to implement
requirements needed for the selected applications implementation, (3) 
necessary requirements, (4) the drivers
help model the healthcare provider’s logistical system, and (
applications. The arrows in Figure 1 depict the flow of the decisions impacts (
ability of triggering the appropriate elements within a category and extract output values that are used in the group 
that follows. 

3. Levels of Application
As its name implies, the LRIM model begins with th
implement and what parts of the hospitals supply operations to include. Standards center around Global Location 
Numbers (GLNs) identifying supply chain partners and locations, and Global Trade Identif
identifying products down to the level of unit of measure. A global GLN registry is maintained by GS1 for GLNs, 
and a Global Data Synchronization Network (GDSN) indexes GTINs.

CIHL has identified three major levels of possible prov
sublevels (see Figure 2). Broadly, Level 1 involves use of GLNs and GTINs in hospital supply chain databases and 
transactions of both the external order/pay cycle and internal inventory/materials 
barcodes or other automatic identification technology. Level 2 adds the use of those technologies (typically 
barcodes) to take advantage of scanable GTINs on product or storage
of GTIN identifiers to the point of patient care and exploits 
numbers on products to facilitate efficient recall, return, and outdate management 
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infrastructure (depicted in Figure 1) that comprises six
which is discussed with more details in the upcoming sections. These elements consist of: (1) the 

that the healthcare provider may opt to implement, (2) the technological and logistical 
needed for the selected applications implementation, (3) the shortfalls that result from not meeting 

drivers that enable certain improvements in the system, (
help model the healthcare provider’s logistical system, and (6) the impacts that result from selecting specific GS1 
applications. The arrows in Figure 1 depict the flow of the decisions impacts (that start from the root)

appropriate elements within a category and extract output values that are used in the group 

Figure 1. General Design of LRIM

As its name implies, the LRIM model begins with the choice of how much or what level
implement and what parts of the hospitals supply operations to include. Standards center around Global Location 
Numbers (GLNs) identifying supply chain partners and locations, and Global Trade Identif
identifying products down to the level of unit of measure. A global GLN registry is maintained by GS1 for GLNs, 
and a Global Data Synchronization Network (GDSN) indexes GTINs.

CIHL has identified three major levels of possible provider adoption of the standards elements, with a total of 1
). Broadly, Level 1 involves use of GLNs and GTINs in hospital supply chain databases and 

transactions of both the external order/pay cycle and internal inventory/materials management 
barcodes or other automatic identification technology. Level 2 adds the use of those technologies (typically 
barcodes) to take advantage of scanable GTINs on product or storage-shelf labels. Finally, Level 3 extends the us
of GTIN identifiers to the point of patient care and exploits secondary data like expiration dates and lot/serial 
numbers on products to facilitate efficient recall, return, and outdate management 

main components, each of 
which is discussed with more details in the upcoming sections. These elements consist of: (1) the levels of GS1 

, (2) the technological and logistical readiness
that result from not meeting the 

that enable certain improvements in the system, (5) the process metrics that 
that result from selecting specific GS1 

start from the root); this yields the 
appropriate elements within a category and extract output values that are used in the group 

level of the GS1 system to 
implement and what parts of the hospitals supply operations to include. Standards center around Global Location 
Numbers (GLNs) identifying supply chain partners and locations, and Global Trade Identification Numbers (GTINs) 
identifying products down to the level of unit of measure. A global GLN registry is maintained by GS1 for GLNs, 

ider adoption of the standards elements, with a total of 11
). Broadly, Level 1 involves use of GLNs and GTINs in hospital supply chain databases and 

management – all without tracking 
barcodes or other automatic identification technology. Level 2 adds the use of those technologies (typically 

shelf labels. Finally, Level 3 extends the use 
like expiration dates and lot/serial 









7. Process Metrics and Computations
Empowered by application-level choices and the enumeration of implied impact drivers, LRIM computations are 
performed process by process. As illustrated in Figure 4, a series of variable values describing the current state of 
user supply chain operations are first input to process computations. GS1
variables within that input set to compute output values projected after standards implementation using driver 
factors estimated from CIHL and other experience toget
them—lead to the projected quantitative impacts.

Variables of interest depend in part on what processes are impacted by the chosen sublevel of GS1 app
Three major categories proved to be needed: variables related to 
operations, and those specifying the numbers of 
technologies shown in Figure 3 also become relevant for some processes.) Tables 4, 5 and 6 list some of the 
variables in use within each main category in the current version of LRIM.

Table 4. Example Variables Related to Errors
1 % errors produced during ordering
2 % errors produced during receiving
3 % errors produced during stock
4 % errors produced during stock
5 % errors produced during stock
6 % errors produced during patient billing
7 % errors produced during invoice reconciliation
8 % errors produced during membership
9 % errors produced during active
10 # of location-based exceptions (average per month)

1 # of EDI PO lines (including the do
2 % stock-issue lines patient billable
3 % stock-issue lines goes into clinical records
4 % of par SKUs handled through a manual process
5 % of par SKUs handled through a semi
6 % of par SKUs handled through an automatic process
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and Computations
level choices and the enumeration of implied impact drivers, LRIM computations are 

process by process. As illustrated in Figure 4, a series of variable values describing the current state of 
re first input to process computations. GS1-generated drivers transform appropriate 

variables within that input set to compute output values projected after standards implementation using driver 
estimated from CIHL and other experience together with expert opinions. Those outputs

to the projected quantitative impacts.

Figure 4. Process of Variables Computation

Variables of interest depend in part on what processes are impacted by the chosen sublevel of GS1 app
Three major categories proved to be needed: variables related to errors, ones related to the 
operations, and those specifying the numbers of personnel committed to various process tasks. (Mixes of 

lso become relevant for some processes.) Tables 4, 5 and 6 list some of the 
variables in use within each main category in the current version of LRIM.

Table 4. Example Variables Related to Errors
% errors produced during ordering

during receiving
% errors produced during stock-issue through a manual process
% errors produced during stock-issue through a semi-automatic process
% errors produced during stock-issue through an automatic process

patient billing
% errors produced during invoice reconciliation
% errors produced during membership-registry maintenance
% errors produced during active-items pricing

based exceptions (average per month)

Table 5.  Example Variables Related to Scale
# of EDI PO lines (including the do-overs)

issue lines patient billable
issue lines goes into clinical records
SKUs handled through a manual process
SKUs handled through a semi-automatic process
SKUs handled through an automatic process

level choices and the enumeration of implied impact drivers, LRIM computations are 
process by process. As illustrated in Figure 4, a series of variable values describing the current state of 

generated drivers transform appropriate 
variables within that input set to compute output values projected after standards implementation using driver impact 

pert opinions. Those outputs—or aggregations of 

Variables of interest depend in part on what processes are impacted by the chosen sublevel of GS1 application. 
ones related to the scale of process 

committed to various process tasks. (Mixes of 
lso become relevant for some processes.) Tables 4, 5 and 6 list some of the 






