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Abstract. Many Electronic Commerce websites have vast product catalogues, 
which require visitors to use an on-site search function to find and consequently 
purchase the product they desire. This paper illustrates the importance of  
successful on-site searches, the main Key Performance Indicators (KPI) for  
on-site searches, and introduces several popular on-site search algorithms and 
techniques.   
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1   Introduction 

Over the last decade search engines continue to improve as they grow in popularity. 
With the rise of powerful search engines like Google, Yahoo! and Bing, why would 
we still need search services within a website? Why not let the search engines do all 
the search-related work? Here are the reasons: 

A webpage may not be visible in the search result listings. Visitors tend to have lit-
tle patience. People typically provide two words per search [1] and they do not often 
look past the first ten results returned by the search engine. Research shows that if a 
visitor cannot find what they are looking for within three clicks, the chance of the 
visitor leaving becomes much higher [2]. For a website owner, it does not make sense 
to let visitors leave the website and visit another link from the search engine’s list of 
results if the item is available from your website. If allowed to leave, the chance that 
the visitor will return is very low. There are at least 50.6 billion web pages [3] but 
search engines usually display 10 search results a time. The majority of web pages are 
therefore invisible when search engines are the primary method of searching. 

It is well known that search engines do not crawl web pages on a daily basis, so 
there are many pages that may have changed since they were last indexed. If search 
engines are the only method that visitors can use to browse a webpage, they can be 
mislead by out-of-date or incomplete information. 

People are becoming accustomed to searching by inputting a search keyword rather 
than searching by category. Even if one website has its inventory in well organized 
categories, visitors may still want to search based on keywords that are in their minds, 



 Electronic Commerce On-Site Search Services: A State of the Art Review 227 

 

instead of narrowing down their search category by category. Providing both a cate-
gory and text search box on an e-commerce website has become a basic feature. 

Almost all professional e-commerce websites now use a text search box and the in-
clusion of such a text search box, useful or not, is now the norm. By providing a 
search box search service, it becomes much easier to log what visitors are searching 
for on the website. By studying those search keywords, we can gain insight into  
what visitors are expecting from the website. Based on this, webpage content can be 
adjusted to better fit the visitors’ expectations. 

2   Background 

Every e-commerce website has one common goal, which is to sell products or ser-
vices to its visitors. No matter what the product or service is that is being sold, all 
visitors experience the same searching process as illustrated below in Figure 1, which 
is subsequently explained in detail. 

 

 

Fig. 1. E-Commerce Website Usage and KPIs from a Visitor’s Point of View 
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The overall process is composed of two major parts: off-site search optimization 
(OSSO) and on-site search. For the site owner, the purpose of OSSO is to bring  
visitors to the website. On-site searches are intended to convert those visitors into 
customers. This paper concentrates on exploring on-site search approaches and per-
formance measurement metrics. 

2.1   Measuring Performance 

Key Performance Indicators (KPI) are a set of measures or metrics used to define and 
evaluate certain aspects of e-commerce websites. There are several KPI to help gauge 
on-site search services. Some KPI are used to analyze how the current on-site search 
strategies are working, while others are used to design useful on-site search solutions. 

Search Rate (SR) is the percentage of all the visitors who did at least a search by 
inputting a search keyword. The formula for SR is: 

 
SR = Count of unique visitors who performed at least one search /  

Count of unique visitors . (1) 

 
For the websites which expect to get a high SR, a low SR may indicate several web 

design problems, such as the search box not being visible enough to the visitors or 
page content not encouraging visitors to use the search box. 

Positive Action Rate (PAR) is a measure of how many visitors perform a positive 
action such as browsing or searching the site instead of leaving immediately after en-
tering the website. The formula for PAR is: 

 
PAR = (count of unique visitors − count of visitors who leave the website 

without performing any action) / count of unique visitors) . 
(2) 

 
For example, if there were a total of 1,000 unique visitors and 500 of them left the 

site without doing anything, the PAR would be equal to (1000 – 500) / 1000 = 50%. 
Low PAR can be indicative of several types of website issues; one of which may 

be that the website draws too much inappropriate traffic. Such traffic can be directly 
caused by a poor marketing strategy. Another shortcoming may be poor website con-
tent.  The content may be too confusing for the visitors and leave them in a state 
where they do not know what to do next.  The primary use of PAR is to analyze the 
off-site marketing strategy and landing page performance.  

Once visitors have been attracted to a site by OSSO and stay at the site, the next 
step towards success is to have an intra-site search that will aid them to efficiently 
find products or services that they will purchase. 

Successful Search Rate (SSR) is a very important KPI for on-site search. There are 
a couple of different definitions for SSR. Some website-owners calculate it based on 
unique visitors who performed searches. It shows the rate of how many visitors actu-
ally get a search result page. That formula is: 

 
SSR = Count of unique visitors who get at least one search result / 

Count of unique visitors . (3) 
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For example, assume that there are total of 1,000 unique visitors and 800 of the 
1000 did 1,200 searches. Now assume that only 700 of them have ever seen the search 
result page.  The SSR = 700/1000 = 70%. 

Another definition of SSR is the rate for all of the search sessions that receive a 
search result page. That formula is: 

 
SSR = Count of search sessions that get a search result / 

Count of search sessions . (4) 

 
As an example, if there are 1,000 unique visitors that make 1,500 searches and 

1,125 of the search sessions return a search result, then the SSR is 1125/1500 = 75%. 
To simplify the problem and focus on search only, we calculate the SSR according 

to the second formula. Therefore, we calculate SSR based on search sessions rather 
than visitors. SSR is the health meter of the current searching strategies.  It directly 
affects the customer satisfaction rate and the very important KPI final conversion rate. 
Mondosoft [4] reported, “Among the 400 sites in our study, an average of 22% of all 
searches returned no results.” 

2.2   Purchase Related KPIs  

There are some other website KPI that may also reflect how the on-site search solu-
tion is faring, or may detail the effect of the solution on on-site search performance. 

Conversion Rate (CR) is the percentage of the all the visitors who actually buy 
something. For example, if the total number of unique visitors is 1,000 and 40 of them 
finally make a purchase, then the final CR = 40/1000 = 4%. Getting a high CR is the 
goal for all e-commerce websites. One of the motivations to increase SSR is to  
produce a higher CR. Aside from SSR, several other factors can affect a visitor’s pur-
chase decision. Examples of these alternative factors include price, shipping charges, 
and availability. A high conversion rate indicates a good SSR, but a poor conversion 
rate does not necessarily reflect a low SSR. 

Conversion Rate on Successful Searches (CROSS) is the KPI that shows how many 
of the visitors who get at least one search result actually makes a purchase. If the total 
number of unique visitors is 1,000 and 400 of them gets at least one search result then 
forty of them actually purchase goods. The CROSS = 40 / 400 = 10%. This KPI fo-
cuses on the visitors who performed at least one successful search. A low CROSS 
indicates that there may be some pricing, shipping or availability issues that are stop-
ping the visitors from buying the product after finding it through the search function. 

Conversion Rate on Positive Actions (CROPA) shows how many visitors who  
performed a positive action actually buy something. If the total number of unique 
visitors is 1,000 and 500 of them performed a positive action and forty of them actu-
ally buy something, then CROPA = 40 / 500 = 8%. Some site owners prefer this KPI 
since it focuses attention on the performance of on-site features only by filtering out 
inappropriate traffic. 

2.3   Spanning the Entire Process 

Average Searches Per Session (ASPS) refers to the number of searches a typical visi-
tor will usually do on a website. This KPI relates to visitor search behavior. Based on 
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the Mondosoft website search survey [4], the average searches per session is between 
two and four. That research indicates that visitors are likely to refine their search 
keywords four times during a search process, at the most. If the visitor still cannot 
find a positive search result within the maximum four searches, the chance that the 
visitor will leave the website is high. 

All website owners must study this KPI and learn the patience limits of visitors in 
order to survive. This KPI can also be a reference when filtering out suspected  
unwanted visitors. If one visitor searches too many unusual terms or too many times, 
it may be an indication that the visitor may be software and not really a potential  
customer. 

Average Duration of a Search Session measures how much time users spend on 
each search, on average. A search session represents the entire process of a visitor 
trying to find a product by searching using a keyword. A visitor may have many 
search sessions. This KPI shows the time between search sessions. By studying this 
KPI, we can get an idea if the content on the search result page is appropriate. For 
example, if most of the search result pages provide many search results, you may ex-
pect people to finish the reading the entire list within 2–3 minutes. However, if the 
KPI shows that duration of the search is only 1 minute, then it either means that the 
visitor did not find what they were looking or they simply gave up reading.  The chal-
lenge is how to get the right number for this KPI. One must consider that visitors may 
do something not related to search between search sessions, such as loading another 
static information page between searches on the same site or grabbing a cup of coffee. 

Average Number of Search Words answers the question “Are most of the visitors 
searching using multiple words or single words?” This KPI is very important in  
determining the right search strategies. Searches that use multiple words strongly sug-
gest a search approach that understands natural language. 

Top Successful Search Words is the certain number of search keywords that visi-
tors used most frequently to search in the website to get a search result. This measure 
indicates what most of the visitors are expecting from the website. Those search 
words may present some products or certain information. With the help of this KPI, a 
website owner will know what products or information should be promoted through-
out the website. This KPI also indicates whether the searching strategy applied to this 
kind of search is working properly. 

Top Worst Search Words are the most commonly used search terms that do not 
match anything in the index. The inability to get results from a search results in a poor 
situation for both the visitor and the website. However, the top “worst” search words 
can provide very important and valuable information. If a search keyword constantly 
returns no results but different visitors keep using it in their searches, it may indicate 
several things: 

• The keyword may refer to a product that visitors are expecting to be on this 
website and considerations regarding adding the item to the website’s inventory 
should be made. 

• Visitors may be searching for an item that is in the inventory but the visitors 
are not using the correct term that refers to the item. It shows a need for a change to 
the site’s searching strategy as changing a visitor’s search habits is an unreasonable 
solution. 
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Customer Satisfaction Rate (CSR) indicates if customers are satisfied with the 
website and how much they appreciate the services that are provided by the website. 
CSR is difficult to measure. Some websites provide a survey, asking customers if they 
were satisfied with the services offered and if not, what factors caused the dissatisfac-
tion. By analyzing the survey data, website owners can get some measure of the CSR. 
However, for those who do not have, or have but do not analyze, this kind of survey, 
it may be difficult to know customer satisfaction levels. Some other KPI can help in 
this regard.  SSR in particular has a strong affect on CSR. A low SSR leads to low 
CSR —no one appreciates a poor search service. 

3   On Site Search Approaches 

In this part, we introduce major text search approaches. Website owners should pick 
the right searching strategy based on the websites’ searching requirements and data 
characteristics. For most websites, one searching strategy will not fulfill all of the 
searching requirements. Implementing and applying two or even more searching 
strategies on one website may be needed. 

Exact Search is the strategy that returns exact matches for the searched keyword 
only. In SQL, the syntax for exact search is select * from table where column = 'key-
word'.  This gives visitors the most accurate results.  There is no additional technique 
challenge in this kind of search except improving searching speed. Creating proper 
indexes for the data will improve searching speed. Exact search is the best solution 
when visitors know precisely what they are searching for, and under what name it is 
indexed. Unfortunately, the system cannot find exact matches to visitors’ search text 
most of the time and will return no search results if no other search strategies are used 
to follow up. 

Partial Search is also known as wildcard or pattern search. Based on the wild-
card’s position, it can return different results. In SQL, the syntax for partial searches 
can be one of the following: 

 
select * from table where column like 'keyword%' 
select * from table where column like '%keyword' 
select * from table where column like '%keyword%'  
 
This type of search returns the results that contain the search keyword if the key-

word shows up in any part of the searched data. 
The wildcard can be a single character, such as “?”.  If searching for “n?t” the re-

sults will include words such as “not” and “net”. The wildcard can be multiple charac-
ters, using “*”.  For example, a search for “scien*”, the results can include “science” 
and “scientific” [5]. A leading wildcard in the search terms may cost more time than a 
term that has a wildcard in the end. The reason is that the searcher cannot ignore any 
section for the leading wildcard search, and it must go over the entire index until it 
finds the entries for the term. On the other hand, if we know what the results start 
with, we can jump to matching sections directly. Proper indexing can increase partial 
search speed as well. 
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Both of these SQL-based approaches require care to implement. The most straight-
forward approaches leave gaping security holes [6]. Other approaches, which are less 
risky and more forgiving of users’ mistakes, depend on comparing relaxed versions of 
the user’s search terms against a similarly relaxed version of the database index. 

Phonetic Search is defined as strategic indexing and searching through words 
based on their pronunciation. Most of the phonetic algorithms are restricted to words 
in English. If those algorithms are applied to a non-English language, the results will 
surely be a mess [7, 8]. The following are some techniques for phonetic search. 

The most common phonetic search algorithms are Soundex [8] (which was pat-
ented over 70 years ago) and some of its variants: Metaphone [9], Double Metaphone 
[10], Phonix [11], and Editex [8]. In brief, they all work by creating indexes in which 
codes represent letters and combinations of letters (such as “ph”). In this way, many 
words with similar pronunciations are identical in the index.  The entries in the index 
point to the actual words. 

Grammatical Searches are algorithms that try to match two strings using their 
grammatical characteristics. Like phonetic searching, they are also specific to a single 
natural language, e.g. English. Different languages require a different design algo-
rithm to fulfill this search strategy. To implement grammatical search algorithms, it 
may be necessary to work out a library for mapping purposes. Stemming and syno-
nym searches are two of the major grammatical search strategies. 

Stemming Search is a strategy that uses the etymological root of the search key-
word instead of the search keyword itself to search through the data and return 
matches that contain the same root. The stemming search matches all different types 
of a words including its verb, noun and adjective. For example if the keyword is 
“mice”, it will match both “mouse” and “mice”. If the keyword is “running”, it 
matches “run”, “running”, “ran” and “runs”. It was first published by Lovins [12]. 
Since then, several types of algorithms appeared. Among them is an algorithm written 
by Porter [13] which was widely used. His “Surfix Stripping” algorithm set up a rule 
that was formed through several steps. 

All stemming algorithms are attempts to reach a balance between two types of er-
ror: overstemming and understemming. Overstemming means stem two words to the 
same root that should not. On the other hand, understemming means stem to different 
roots for two words that should have the same root [14]. 

Synonym-based search is more complex than stemming but can yield better results. 
Sometimes synonyms search and stemming search are quite confusing.  For example, 
if the search keyword is “cars”, the word “car” will also be in the search result for 
both algorithms. However, “automobile” will be in the result for synonyms search but 
not stemming search. Another example is a search of “intelligent”. A synonym search 
might return matches that include the words “smart” and “clever”.  To implement 
synonyms search, a set of rules is not enough. We may need another dictionary for 
those matches that cannot be covered.  

Fuzzy Search can be defined to include all of the string similarity matching algo-
rithms that include phonetic and grammatical matching. We however, limit the term 
to algorithms that focus on correcting the misspelling (typo) problems in the search 
keyword only. This focus should be a strategy applied only after the failures of  
phonetic, stemming and synonyms searching or where those three strategies are not 
applicable. Levenshtein string distance [15] is one of the most well-known fuzzy 
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search algorithms. It is also referred to as edit distance. It calculates the number of 
deletions, insertions or substitutions to translate a string (source string) to another 
string (target string). This calculated number is called the distance between these two 
strings. If the distance is 0, means the two strings are identical. The larger the number 
is, the more difference there is between the two strings. This algorithm can be used to 
return all of the strings that are close to the search keyword. However, since it is 
based on the string distance only, the majority of the time, it may only return words 
that are totally unrelated. That is why there are many hybrid solutions that implement 
string distance and other ranking algorithms to get more accurate results. Editex,  
referred to above in the section on phonetic algorithms, is one of them. 

All of the algorithms described here in section 6 can be implemented by all of the 
programming languages, such as Java, C++, VB, or SQL server. They are all designed 
to solve the issue of accuracy in the returned search results to lead to a higher success-
ful search rate (SSR). This in turn can lead to increased customer satisfaction rates 
with the site (CSR) as well as higher conversion rate on successful searches 
(CROSS). 

4   Recommendations  

Many electronic commerce websites continue to frustrate potential customers by pro-
viding a search box which often does not provide usable results. These poor results 
are the responses to queries that are not exact matches to the names of products con-
tained within their databases. Most visitors are users that have become accustomed to 
finding millions of results with search engines, and often do not realize that on-site 
search services are far less sophisticated than those of commercial search engines. It 
is imperative for electronic commerce website operators to improve their visitors’ 
experience with on-site search services if they wish to remain competitive.  

In this paper we showed what key performance metrics can be used to assess how 
well on-site search services are functioning. As product catalogues and customer ex-
pectations continue to evolve, it is important to measure and monitor how well on-site 
search services are performing. We recommend that website operators consider using 
some or many of the search approaches outlined in this paper to reduce the number of 
failed searches that visitors are experiencing.  
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