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Abstract: The aim of this paper is to develop a novel framework of Value Added Indicators (VAIs), based on 
RFID data, that can be used specifically in the fashion and apparel sector. We use the acronym VAIs, instead 
of the more common Key Performance Indicators (KPIs) already used to monitor all operational parameters, 
because of the intrinsic goal of our key metrics, that is to increase the value of the fashion and apparel supply 
chain by using RFID technology. After a preliminary literature review phase, aimed at addressing Business 
Intelligence literature as well as sets of KPIs available for different industries and different supply chain areas, 
we developed a framework that illustrate how to leverage KPIs to generate value. Then, we integrated the 
results of the literature review with new VAIs based on end users voice: we set up two panels of experts, both 
from different industries and from the academia, to validate the framework and integrate it with additional 
indicator sets relevant for the end users. The study has produced a set of 60 different VAIs that use, or might 
use, RFID technology to produce, monitor and increase the overall value of the fashion and apparel supply 
chain. These VAIs are organised in a structured framework, built and validated by more than 10 experts from 
the field. The results of the paper are promising both for researchers and practitioners. The first, in fact, 
could use this list of VAIs to set benchmarks for different market segments of the fashion and apparel retail 
sector. Practitioners, on the other hand, could use the results of this study to evaluate which use case of 
RFID could fit and, also, which VAI could be handy for their company. 
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Introduction 

It is largely recognized that clear objectives with effective 
measures can definitely improve performance; also, to have 
effective measures, we need to monitor performance 
against the objectives. Generally speaking, performance can 
be measured against quantifiable, as well as non-
quantifiable objectives (the latter ones are also called 
behavioural). In this paper, we examine to what extent 
large-scale RFID data sets allow for the generation of novel 
performance indicators and management reports in real-
time or offline for fashion and apparel supply chain. The 
use of RFID technology, in fact, allows to produce more 
measures than what happened in the past, and usually with 
a greater degree of accuracy (Bertolini et al. 2015). 
Nonetheless, in order to have effective measures, we need 
to deeply understand what is important to measure, and to 
what aim (Al-Kassab et al. 2009; Al-Kassab et al. 2013). 

The purpose and research objectives of this paper are to 
develop a set of Value-Added Indicators (VAIs) using 
RFID data, which provide information to form a more 
agile, flexible, resilient and efficient fashion and apparel 
supply chain and can be used to increase the value delivered 
in the supply chain itself. To do so, we started with a review 

of the literature on business metrics, dealing with retail 
and/or RFID. This allowed us to produce a preliminary set 
of VAIs, that will be enriched with existing parameters used 
by industries a system integrator for ICT solutions for 
fashion and apparel supply chain. The list of VAIs was 
validated and organised in a structured framework, 
developed to examine how to leverage KPIs to generate 
value e.g. how the synthetic indicator can be used in 
practice (Mikušová & Janečková 2010). 

The term Value-Added Indicators is used because our key 
metrics rather increase the value of the fashion/apparel 
supply chain by using RFID technology in contrast to the 
traditional set of Key Performance Indicators, which cover 
all operational parameters (Van Der Vorst 2006). 

Identification of Value-Added Indicators 

We considered different sources to perform a broad review 
of Key Performance Indicators which are made possible 
through the use of RFID technology. We began our 
research by searching for scientific papers in the Scopus 
database. We therefore composed two queries for the 
generation of our research corpus. The first query 
contained the terms “key performance indicator” or “business 
metric” or “business analytics” in the keywords section and the 
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term “retail” in the title, abstract or the keywords section. 
The second query contained the terms “key performance 
indicator” or “business metric” or “business analytics” or “balanced 
scorecard” in the keywords section and the term “RFID” in 
the title, abstract or keywords section. We then combined 
the results of both queries into a final corpus of 54 
documents. Every article we retrieved was carefully 
reviewed with regard to its relevance to our topic. Then, 
each article was categorized with regard to its economic 
character, as well to horizontal and vertical supply chain 
perspectives:  

 Efficiency / economic point of view (horizontal / 
vertical) 

 Effectiveness / customer point of view (horizontal / 
vertical) 

 Result / business point of view (horizontal / vertical) 

 Process / Innovative point of view (horizontal / 
vertical) 

 Level of management involved with KPIs 

Then, the results were integrated into the proposed VAI-
Framework 

Results of the Literature Review 

Our query resulted in 54 articles, which were distributed 
between years 2006 and 2015 (see Figure 1). As shown in 
this figure, the publication of articles peaked in 2013. 

 
Figure 1 Distribution of articles by year of publication 

Table 1 shows the distribution of articles by document type. 
We categorized the articles by topic. The articles comprise 
13 case studies of which ten have aspects of application, 
one comparison, 31 concept studies of which ten have 
some kind of application, one literature review, six 
simulation studies and two surveys / expert interviews (see 
Figure 2). 

Table 1 Distribution of articles by document type 

DOCUMENT TYPE ARTICLES 

Article 26 
Article in press 2 
Book chapter 1 
Conference paper 23 
Review 2 

TOTAL 54 

 
Figure 2 Distribution of articles by topic 

By analysing the KPIs found in the literature, we were able 
to identify two different kinds of RFID-related Value-
Added Indicators. 

The first category of VAIs we found is RFID-Based VAIs. 
With RFID-Based, we mean VAIs that are completely new and 
are now enabled by the tracking capabilities of RFID technology. For 
example, the number of misplaced merchandise in the sales 
floor. This VAI identifies how many items are not in their 
intended places. Before the usage of RFID, a KPI like this 
would hardly be feasible because it would have required a 
lot of manual work from the staff in order to track the 
misplaced items and count them. But, an RFID-based Real 
Time Locating System or RFID-Based Smart Shelves make 
such tasks automatic. 

The second category of VAIs we were able to identify are 
RFID-Influenced VAIs. With RFID-Influenced, we refer 
to KPIs, which existed even before RFID but are now 
getting empowered through this new technology. For 
instance, the number of wrong delivery items from the 
supplier. Certainly, the employees could have measured this 
KPI with lots of manual labour time. On the contrary, 
RFID capacitates the business to evaluate such KPIs much 
quicker, with less effort and more exact than before. 

Only a few of the identified metrics from the literature are 
RFID-Based KPIs; the majority of KPIs are RFID-
Influenced. Although we considered contributions from 
several different industrial sectors in our literature review, 
the references reported in the appendix section mostly 
report VAIs that are directly related to the fashion and 
apparel retail supply chain. This is obviously due to the fact 
that most, if not all, of the VAIs found in this sector were 
directly applicable in our framework. Finally, we note that 
we only incorporated VAIs into our framework which were 
described in a clear way, so as to make them measurable. 

3-VAI Framework: construction and validation 

To define, describe and validate the framework, we will use 
the approach of Table 2; at present time, the approach is 
not completed (steps 3 and 4 are ongoing). As it usually 
happens for similar activities, we used the well-known 
Delphi method, as in MacMillan & Marshall (2006). In 
details, firstly (step 1) we generated a list of VAIs, combining 
the review of the literature, and the experience of 
industry/academic partners of SERAMIS project 
(http://seramis-project.eu/). This list comprehends a wide 
set of VAIs for fashion and apparel retail, as reported in 
Table 2. Then (step 2), partners of the project validated the 
list with the first Delphi round: goal of this validation is to 
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comprehend in the list only VAI that have some potential 
for the industrial partners of SERAMIS. 

Afterwards (step 3), we will define the category, nature and 
dimension of VAIs, as an outcome of the literature review 
process. Finally, a second Delphi round (step 4) will validate 
the categories, nature and dimension of each VAI, as 
defined in step 3, taking into account the opinion of several 
SERAMIS partners with different backgrounds. 

Table 2: Steps to define, describe and validate the VAI 
framework 

STEP DESCRIPTION STATUS 

1 Generate a list of VAIs for fashion and 
apparel retail with respective units of 
measurement, from the results of the 
literature review and the information 
from Adler and DITE 

Completed  

2 Partners validate the list of VAIs of 
step 1 

Completed 

3 Scientific partners define the category, 
nature and dimension of VAIs 

Ongoing 

4 Partners validate the categories, nature 
and dimension of VAIs, according to 
step 3 

Ongoing 

 

It is important to notice that the VAI framework is closely 
linked with the results reported in Esposito et al. (2015) and 
Rizzi et al. (2016). Also, key points of the VAI framework 
are: 

 we only consider VAIs that are related to RFID: some 
of the VAIs could also be achieved without RFID, 
nonetheless we focus on this technology; 

 every RFID implementation is linked to one or more 
Use Cases (UCs); therefore every VAI will also be 
linked to one UC; 

 VAIs have a category, a nature and a dimension. 

Step 1: Generate a list of VAIs 

Starting from Rizzi et al., 2016 in which the authors build 
up a comprehensive, up-to-date and well-structured 
taxonomy for UCs of RFID in the fashion retail based on 
an extensive literature review, we developed a preliminary 
list of VAIs linked to the Lv2 UCs. The table comprehends 
the results of a broad literature review, and information 
collected from academic/industrial SERAMIS partners. 

The list of VAIs and connection with UCs is reported in 
table 3. 

Table 3: List of VAIs from different sources 

LEVEL 2 UC PROPOSED VAIS 

1.1-
LOCATING 
ITEMS 

1) average reduction of time spent to locate 
items post-RFID implementation, 
compared with pre-RFID implementation 
2) number of successful missions / total 
number of missions seeking for garments 
3) number of misplaced merchandise – 
either through smart shelf or RTLS 

1.2-LOSS 
PREVENTI
ON 

1) value of shrinkage due to thefts after the 
EAS RFID implementation 
2) number of stolen items read at the RFID 
EAS gates / total number of stolen items 

3) number of alarms at the EAS 
1.3-POS 
TRANSACTI
ON / 
FASTER 
CHECKOUT 

1) average time reduction for checkout 
transaction (comparing pre- and post-RFID 
implementation) 
2) average number of people in queue for a 
given store turnover 

1.4-STOCK 
VISIBILITY 
/ 
REPLENIS
HMENT 
FROM THE 
BACKROOM 

1) average time spent on the shop floor area 
before sale (possibly at SKU level) 
2) number of sales per average inventory in 
the shop floor area (possibly at SKU level) 
3) sell through / sell in (possibly at SKU 
level) 
4) sell out / sell through (possibly at SKU 
level) 
5) number of SKUs out of shelf (not 
replenished) but available in the backroom 
(for NOS articles) 
6) time needed for the replenishment of an 
Out of Shelf NOS-SKU 
7) number of items rearranged between 
sales floor and backroom 
8) additional turnover generated through 
the use of the replenishment proposal 
9) additional turnover generated through 
inventory correction for NOS-articles (i.e. 
revenue generated through replenishment 
caused by: theft, found tags, stocktaking) 
10) reduction of shelf space due to RFID 

2.1-SOCIAL 
SHOPPING 

1) average number of posts on social 
networks 
2) average number of answers 
(“comments”, “likes”, “re-tweets” and 
“shares”) per post 
3) conversion – number of garments sold 
after being shared on socials / number of 
garments shared on socials 
4) value of conversion – value of garments 
sold after being shared on socials 

2.2-STORE 
ASSOCIATE 
AVAILABILI
TY / 
CUSTOMER 
KNOWLED
GE 

1) number of customers identified through 
RFID fidelity card 

2) number of customised services provided 
to customers 

3.1-
CUSTOMER 
EXPERIEN
CE 

1) number of items identified by magic 
mirrors, smart shelves, smart kiosks 
2) conversion - percentage of items sold 
after identification at magic mirrors, smart 
shelves, and smart kiosks 
3) value of conversion – value of items sold 
after identification at magic mirrors, smart 
shelves or kiosks in a certain time period 
4) fitting room usage distribution - Number 
of try-ons on fitting room and cluster level 
(cluster = several fitting rooms in the same 
store area) 
5) customer shopping time (with the help of 
a fidelity card) 
6) number of (fidelity card) customers in the 
store 

3.2-CROSS 
SELLING / 
CROSS 
PROMOTIO
NS 

1) number of cross selling and cross 
marketing transaction proposed (e.g. from 
smart fitting rooms) 
2) conversion - number of cross selling and 
cross marketing transaction completed 
3) value of conversion – value of garments 
sold after cross selling / cross marketing 
transactions 
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3.3-STORE 
ASSOCIATE 
EMPOWER
MENT 

1) number of products suggested to 
associates for better customer service 
2) conversion – number of products sold 
after being suggested 
3) value of conversion – value of garments 
sold after being suggested 

4.1-
PROCESS 
AUTOMATI
ON 

1) time saved per item per process 
performed (comparing pre- and post-
implementation) 
2) lead time reduction along the supply 
chain 
3) number of scanned items per hour per 
shop 

4.2-
PROCESS 
ACCURACY 

1) average increase in process accuracies 
(comparing pre- and post-implementation) 
2) average decrease in process errors that 
generate inaccuracies (comparing pre- and 
post-implementation) 
3) recorded items / (expected amounts and 
additional recorded items) ---- at receiving 
4) number of wrong delivery items 
5) decrease of markdowns due to RFID 

4.3-AFTER 
SALES / 
RETURNS 

1) percentage of products returned from 
customers and automatically managed 
through RFID information 
2) time reduction in managing after sales 
and returns (comparing pre- and post-
implementation) 
3) value of defects the company can charge 
to suppliers 

5.1-OUT OF 
STOCK / 
INVENTOR
Y 
ACCURACY 

1) inventory accuracy increase (comparing 
pre- and post-implementation) 
2) average inventory accuracy increase along 
the supply chain (comparing pre- and post-
implementation) 
3) number of stock outs (a certain SKU is 
completely out of stock) 

5.2–
OMNICHA
NNELING 

1) value of sales through different channels 
2) increase in sales due to adoption of 
omnichanneling 

5.3-SUPPLY 
CHAIN 
VISIBILITY 

1) percentage of stock reduction due to 
inventory pooling amongst different stores 
2) the number of different steps in the SC 
monitored for supply chain management 
3) the average number of reads for every 
product’s tag within the entire SC for supply 
chain management 

6.1-GREY 
MARKET 

1) number of bootleg products identified 
through RFID 
2) value of potential sales identified in (and 
removed from) grey markets 

6.2–
COUNTERF
EITING 

1) number of counterfeited products 
identified through RFID 
2) value of potential sales in counterfeited 
products identified through RFID 

6.3–
TRACEABIL
ITY 

1) the number of different steps in the SC 
monitored for brand protection purposes 
2) the average number of reads for every 
product’s tag within the entire SC for brand 
protection purposes 

 

All these VAIs were considered in the proposed 
framework. 

It is important to note that, in these lists, we do not 
consider any indicator concerning the quality of RFID data; 
conversely, we are focused on mapping the processes 
performed and services delivered at the stores, as well as in 

the supply chain. We plan, in fact, to develop a work similar 
to this one for data quality related KPIs. 

Step 2: Validate the list of VAIs 

Afterwards, the list of VAIs of Table 3 was validated 
through the first Delphi round. Six experts from different 
companies took part to this step of validation. 

Steps 3 and 4 are still ongoing, but during these steps we 
will define the category, nature and dimension of VAIs and 
afterward a final validation of VAIs and its units of 
measure. 

Category of VAIs 

We considered in our framework different categories of 
indicators; in details, they are: 

 Economic Indicators (E), indicators that provide 
direct assessment of an economic performance; 

 Customer Indicators (C), indicators that measure the 
involvement and/or level of customer satisfaction, 
typically in response of RFID-processes, or measured 
with RFID; 

 Process Accuracy Indicators (A), indicators relating to 
the degree of accuracy in performing processes (e.g. 
characterizing the store, related to sales assistants etc.); 

 Process Improvement Indicators (I), indicators that 
assess the improvements related to the 
implementation of RFID technology, typically 
comparing pre-implementation and post-
implementation performances. 

Nature of VAIs 

Also, another important difference obtained from the 
Literature Review section is the separation between RFID-
based and RFID-influenced VAIs: 

 RFID-Based (B), indicators that can ONLY be 
measured via RFID, because without RFID 
technology it would be either impossible or not 
feasible to measure and monitor it; 

 RFID-Influenced (N), indicators that can also be 
measured without RFID, but the use of RFID allows 
to measure it in a quicker or more accurate way. 

Dimension of VAIs 

Also, we stress the difference between horizontal and 
vertical indicators. To make clear differences between these 
two broad categories of indicators, we report in Figure 3 
the Value Chain diagram from (Rizzi et al., 2016). 

Within this context, indicators that focus on just one 
primary activity are defined as vertical (V), e.g. operations, 
or marketing and sales, or service. On the other hand, 
indicators that focus on more than one primary activity, 
and/or on secondary activities are defined as horizontal 
(H). 
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Figure 3: Value chain diagram for Use Cases of RFID in 
fashion and apparel retailing (Rizzi et al., 2016). 

4-Conclusions and future development 

In this paper, we have produced a set of 60 different Value 
Added Indicators (VAIs) that use, or might use, RFID 
technology to produce, monitor and increase the overall 
value of the fashion and apparel supply chain. These VAIs 
are organised in a structured framework, built and being 
validated by more than 10 experts from the field 
(researchers and practitioners from academia, fashion and 
apparel retail companies and system integrators). 

The results of this paper are subject to further investigation 
in particular concerning the steps 3 and 4 of table 2, but 
seem to be promising both for researchers and 
practitioners. The first, could use this list of VAIs to set 
benchmarks for different market segments of the fashion 
and apparel retail sector; moreover, it could also be 
interesting to develop models to understand and assess the 
results achievable by pursuing different use cases of RFID, 
according to the reference market segment. On the other 
hand, practitioners could use the results of this study to 
evaluate which use case of RFID could fit for their 
company and, also, which VAI could be handy, either based 
on or influenced by RFID technology, to assess the process 
accuracy, process improvement, customer and economic 
aspects of their business processes and entrepreneurial 
performance. 
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