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Abstract. Handling the growing amount of digital information is one of
the major challenges when dealing with the World Wide Web (WWW).
In particular, users crave for an effective and efficient retrieval of needed
information. In this context, search engines adopt a key role. Besides
conventional search engines such as Google, semantic search engines have
emerged as an alternative approach in recent years. The quality of search
results delivered by search engines is influenced by many criteria. This
paper picks up one specific issue, the precision, and investigates and
compares the precision of current both conventional (i.e., non-semantic)
and semantic search engines based on a controlled experiment with 77
participants. Specifically, Google, AltaVista, MetaGer, Hakia, Kngine,
and WolframAlpha are investigated and compared.
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Introduction

When handling the growing amount of information in the WWW, search engines
adopt a key role [1]. The simple use case from a user’s perspective: to get an
answer (i.e., information) for a specific question (i.e., a search query). However,
asking questions (by means of a collection of keywords) and getting suitable
answers (by means of relevant search results) remains a big challenge. The reason
is that relevant information is indeed typically available, but it remains a complex
task to accomplish to identify those information out of the huge amount of
available information which are really helpful [2]. Thus, a lot of research is still
performed to enable search engines to better answer the questions of their users.
Regarding this simple goal, two major approaches can be distinguished: First,
conventional, non-semantic search engines index and rank web pages [3]. When
a user enters a search query into a conventional search engine, the engine examines its index (cf. Section 2.1) and provides a list of best-matching web pages
according to its internal ranking criteria (which are interpreted by a ranking
algorithm). While some conventional search engines, such as Google, index only
?
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selected parts of web pages, others, such as AltaVista, index every single word of
every web page [4]. Besides, additional metadata (e.g., author, title, keywords,
description, date, language, format) about indexed web pages is used by many
conventional search engines as well.
Second, semantic search engines seek to improve search accuracy by understanding user intent and the contextual meaning of terms appearing in the
searchable data spaces, whether in the WWW or within closed systems, to generate relevant search results. Rather than using ranking algorithms (such as
Google’s PageRank) to predict relevancy, semantic search engines use semantics and the science of meaning in language to produce relevant search results.
The goal is to deliver the information queried by a user rather than have a user
navigate through a list of loosely related keyword results.
Now, which approach is better? This question is difficult to answer. Many
issues determine the quality of search results delivered by search engines. This
paper picks up one specific issue, the precision, and investigates and compares the
precision of both conventional (i.e., non-semantic) and semantic search engines
based on a controlled experiment with 77 participants. The investigated search
engines include Google, AltaVista, MetaGer, Hakia, Kngine, and WolframAlpha
(the reasons for having selected these engines are discussed in Section 3).
This paper is organized as follows. Section 2 provides important background
information. Section 3 describes the research design underlying our empirical
study. Section 4 presents the experiment results. Section 5 discusses related
work. Section 6 concludes with a summary and an outlook.

2

Background Information

This section provides background information needed for the further understanding of the paper. Section 2.1 deals with the underlying concepts of both conventional and semantic search engines. Section 2.2 discusses the issue of precision,
the key performance indicator we are investigating in our experiment.
2.1

Conventional vs. Semantic Search Engines

Conventional search engines gather, index, and rank information [5]. Specifically,
these tasks are performed by a crawler, an indexer, and a query engine. Figure
1 illustrates how these three components are applied to process a query [6].
First, crawlers (also named web spiders or robots) autonomously collect available content, e.g., web pages. Think of a web browser which automatically follows
every link on a web page. Doing so, the crawler captures as many web pages as
possible. Each gathered web page is stored in a database and then indexed by
the indexer [7]. When a user now enters a search query (i.e., a set of keywords)
in the search engine’s user interface (i.e., the search field), the (inverted) index
is combined with a ranking algorithm to generate a list of potential matches,
i.e., search results which probably provide relevant information (answers) with
respect to the specified search query (question).
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Semantic search engines, in turn, allow users to search not only based on a set
of keywords. Natural language search phrases (e.g., when was Google founded?)
are used. Moreover, semantic search engines typically allow to further refine the
search space in order to increase the accuracy and relevance of search results
[8, 9]. Generally, there exist three approaches of semantic search engines [10]:
context-based, evolutionary, and semantic association discovery search engines.
In our experiment we focus on context-based search engines as this approach
is used by most existing semantic search engines. Figure 2 illustrates how a
context-based semantic search engines generate its results [10].
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2.2

Evaluating Search Engines

As aforementioned, we investigate the precision of search engines in our experiment. This criterion is often used when evaluating a search engine’s effectiveness
[11]. The precision describes the ratio of relevant results with respect to the
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total issued results of a search query, i.e., precision is a measure of the ability
of a search engine to present only relevant results [12]. The most common way
to analyze the precision of a search engine is to use a simple binary relevance
judgment. A result for a search query is either relevant or not [11]. Let a be
the number of relevant results and b be the number of non-relevant results. The
precision of a search engine p can then be calculated as follows [13]:
a
(1)
a+b
Though, in order to calculate the precision of a search engine, it becomes
obviously necessary to take a closer look at the notion of relevance [14, 15].
Crestani and Lalmas define relevance as logical relevance [16]: ”A stored sentence
is logical relevant to (a representation of) an information need if and only if it is
a member of some minimal premiss set of stored sentences for some component
statement of that need”. We pick up this definition and additionally include two
more variables into our definition of precision: Let c be the number of results
containing links to relevant content (e.g., a search result is a web directory that
is linking to other relevant web pages) and d be the number of no results (e.g.,
a search result links to a web page which is not reachable). This results in the
following adapted equation (2), which we use in our experiment:
p=

a + 2c
(2)
a+b+c+d
Note that a search result which contains links to relevant content is more
valuable than a non-relevant result, i.e., it must be rated higher. For this purpose, links to relevant content are considered in the numerator of our precision
equation. Relevant results (a) can be reached within one click (e.g., from the
search result to the relevant content), whereas results containing links to relevant content (c) need at least two clicks (e.g., from the search result to the link
to the relevant content). Therefore, a is still fully-weighted and c is half-weighted
in the numerator of our precision equation. As a consequence, a search engine
has a higher precision when providing links to relevant content instead of nonrelevant results. The following section describes the research design underlying
our empirical study.
p=

3

Experiment Design

The objective of our experiment is to compare the precision of search engines.
Therefore, each test person evaluates the relevance of search results for a given
search query. Both conventional and semantic search engines are included in the
experiment. Doing so, the following experiment variables have to be specified:
search engines, search queries, test persons, and data collection.
Search Engines: First, the search engines to be investigated have to be selected. Google as the world’s leading search engine has to be considered in any

Precision of Semantic and Non-Semantic Search Engines

5

case. Additionally, we selected AltaVista as it uses another search algorithm
when compared to Google [1]. AltaVista uses the same search algorithm as Yahoo!. As a third conventional search engine we selected the meta-search engine
MetaGer. This search engine is actually not a search engine on its own. MetaGer
forwards entered search queries to various other search engines and then classifies
and ranks the obtained search results [17].
Besides, we included the following semantic search engines in our experiment:
Hakia, Kngine, and WolframAlpha. Hakia computes search queries both formulated in natural language and collections of keywords. Results are categorized,
e.g., in web results, news, tweets or images [18]. Kngine is an abbreviation for
”knowledge engine”. Instead of indexing the web page, Kngine tries to interpret the content of web pages and organizes gained information in knowledge
databases. It returns both organized, prepared information as well as conventional lists of web pages for a search query. Finally, WolframAlpha computes
natural language search queries [19]. In a first step, WolframAlpha extracts relevant terms of a search query. In a second step, these terms serve as input for
internal algorithms (note that almost no information is known on these algorithms). Finally, one (and only one) result is returned for a given search query.
Altogether, we investigate six search engines: two conventional non-semantic
engines, one conventional meta-search engine, and three semantic search engines.
Search Queries: As explained, we want to investigate the precision of search
results in our experiment. In order to compare search results from the six analyzed search engines, we use pre-defined search queries. To make sure that our
experiment results are not biased by a too narrow or unfavorable selection of
search queries, we use a wide range of topics and search queries. Moreover, we
include both semantic search queries (which are formulated using natural language) and non-semantic search queries (which comprise a set of keywords).
Specifically, we define 50 semantic and 50 non-semantic search queries. As the
experiment took place in Germany, the search queries are formulated in German.
Table 1 shows four exemplary search queries (translated into English).
Table 1. Sample of non-semantic and semantic search queries.
Non-semantic search queries

Semantic search queries

dollar rate

Who built the Statue of Liberty?

capital of canada

When was Wikipedia founded?

We then entered each of the 100 search queries into each of the analyzed
search engines (cf. Fig. 3 - Step 1). The first ten search results delivered by
each engine were copied into a separate text document (cf. Fig. 3 - Step 2);
hence, six text documents belong to one search query whereas each document
comprises the first ten search results of one engine. Doing so, we anonymized
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and standardized the presentation of the search results in order to avoid that
user ratings are biased by individual preferences, e.g., for certain search engines.
During the experiment, the text documents are the basis for evaluating the
search results.
Test Persons The overall number of participants in our experiment has to
be high enough to ensure that our evaluation results are statistically sound.
Literature suggests that at least 50 test persons should participate [20].
Data Collection: We used a web-based questionnaire to collect data from the
test persons. In order to have different analysis options of the collected data,
every test person had to denote some personal data: gender, age, educational
background, working position, frequency of internet usage, and frequency of
search engine usage. During the experiment, the test persons had to rate each
search result as (1) relevant, (2) not relevant, (3) links to relevant content, or (4)
no result. A relevant search result contains useful information for the test person
with respect to the search query. Selecting not relevant means that the search
result has no relation to the search query. If the search result itself does not
contain useful information, but links to further relevant information instead, the
option links to relevant content can be used. In order to handle WolframAlpha
(remember that it does only deliver one search result with no outgoing links)
the statement no result is also added as a possible rating.
When performing the experiment, each test person received an e-mail containing a short description explaining the experiment and its goals. The e-mail
includes the prepared text documents (results) (cf. Fig. 3 - Step 3) and a link to
the web-based questionnaire (cf. Fig. 3 - Step 4).
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Fig. 3. Performing the experiment - Step 1 - 4.
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Experiment Results

In our experiment, 77 people participated. Most participants (58%) were between
16 and 25 years old. Another 34% were between 26 and 35 years old and 4%
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were between 36 and 45 years old. Only 1% of the participants was between 46
and 55 years old. The rest of the participants (3%) were older than 55.
We also asked for the frequency of internet usage. The majority (61%) told
us that they use the internet more than 3 hours a day. Another 35% use it up
to 3 hours a day. Only a minority of 4% is online less than 5 hours in a week.
We also wanted to know, how often the participants use search engines. The
majority of participants (62%) use search engines more than 3 times a day.
Another 25% use respective engines up to 3 times a day. Only 12% use search
engines only up to 5 times in a week. The rest of the participants (1%) use search
engines less than once in a week.
Moreover, in our experiment the participants evaluated 770 semantic and 770
non-semantic search results for each search engine except for WolframAlpha with
only 77 search results. To ensure comparability with the other search engines the
results of WolframAlpha were extrapolated (cf. Fig. 4). Table 2 and Table 3 show
the raw data collected during the experiment.
Table 2. Raw data ”non-semantic”.
Search engine

relevant

links to

not relevant

no result

Google

362

142

237

29

Hakia

196

112

367

95

AltaVista

228

106

343

93

Kngine

281

118

327

44

MetaGer

192

99

426

53

WolframAlpha

30

0

32

15

Table 3. Raw data ”semantic”.
Search engine

relevant

links to

not relevant

no result

Google

372

110

246

42

Hakia

162

73

410

125

AltaVista

211

70

443

46

Kngine

245

85

385

55

MetaGer

171

84

441

74

WolframAlpha

28

0

30

19

Figure 4 compares the total number of identified relevant results, links to
relevant content, non-relevant results and no results for both non-semantic (cf.
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Fig. 4A) and semantic (cf. Fig. 4B) search queries. Figure 4 shows that Google
delivers the best results for both semantic and non-semantic search queries.
Figure 5 additionally shows that relevant results differ between semantic and
non-semantic search terms. All investigated search engines except for Google
provide a smaller number of relevant results for semantic search queries than for
non-semantic ones (cf. Fig. 5A).
B: Semantic Results

0

0
Kngine

MetaGer

100

links to
no result

Kngine

100

Hits

200

W.Alpha

200

MetaGer

300

AltaVista

300

Hakia

400

Google

400

Hits

500

AltaVista

relevant
not relevant

500

Hakia

links to
no result

Google

relevant
not relevant

W.Alpha

A: Non-semantic Results

Fig. 4. Comparison I - total number of search results.
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Fig. 5. Comparison II - total number of search results.

In order to determine the quality of the investigated search engines in detail,
we use equation (2) from Section 2.2. The following results were obtained for
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the precision (cf. Table 4): Google has a precision of p = 0.555 for semantic
search queries and a precision of p = 0.562 for non-semantic search queries.
AltaVista has a precision of p = 0.319 for semantic search queries and a precision
of p = 0.365 for non-semantic search queries. Kngine, as the best semantic
search engine, delivers better results compared to AltaVista with a precision
of p = 0.373 for semantic search queries and a precision of p = 0.442 for nonsemantic search queries. Table 4 shows the results for all search engines in detail.
Table 4. Comparison: Precision ”non-semantic” and ”semantic”.
Search engine

p ”non-semantic”

p ”semantic”

p ”total”

Google

0.562

0.555

0.559

Hakia

0.327

0.260

0.294

AltaVista

0.365

0.319

0.342

Kngine

0.442

0.373

0.408

MetaGer

0.314

0.280

0.297

WolframAlpha

0.390

0.364

0.377

Altogether, all search engines are delivering less relevant search results for
semantic search queries - even the semantic search engines. A first reason might
be that semantic search queries contain some unnecessary copulas; not all words
which must be ”understood” to deliver a relevant search result might be identified. A second reason might be that the search engines had problems in handling
the German language and the correct interpretation of the (German) search
queries. Especially the semantic search engines had significant problems in this
respect. These difficulties might lead to search results the user does not consider
as relevant. Interestingly, WolframAlpha had the biggest problems.
In summary, best results (cf. Fig. 6) are achieved by Google with an overall
precision p of 0.559 followed by Kngine with a precision p of 0.408. Third best is
AltaVista (p = 0.342) followed by MetaGer (p = 0.297) and Hakia (p = 0.294).
WolframAlpha which has to be separately evaluated, has a precision p of 0.377.
Precision Results
p "non-semantic"

p "semantic

p "total"

0,59
0,46
0,33

W.Alpha

MetaGer

Kngine

AltaVista

Hakia

Google

p

0,20

Fig. 6. Comparison III - precsion of search engines.
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Discussion

Our experiment results show very good results for Google when compared to
all other search engines. The results indicate that Google is currently indeed
the top of the notch search engine. Semantic search engines generally showed
relatively poor results. Reason might be, as aforementioned, linguistic deficits
in the translation of our queries (which were formulated in German). However,
note that all search engines are classified as multilingual, i.e., handling different
languages actually should not be a problem.
To better understand the needs of search engine users, we asked the test
persons (using the web-based questionnaire) to give feedback on the three most
important characteristics of a search engine. Figure 7 shows that the quality
and the actuality of results as well as the speed of a search engine regarding the
processing of search queries are considered as particularly important.
Most important characteristics of Search Engines
Others

0

No. of hits per site

0

Personalized results

1

No. of hits

2

Search can be modified

3

Auto-correction

4

Help for formulating query

5

Variety of results

9

Presentation of results

10

Speed of computing query

22

Actuality of results

23

Quality of results

35
0

5

10

15

20

25

30

35

40

Fig. 7. Most important search engine characteristics.

6

Related Work

There are other studies dealing with the comparison of conventional and semantic search engines. Empirical and interdisciplinary studies combining semantic
web and conventional information retrieval approaches are provided by several
authors. Hendler [21], for example, investigates the capabilities of semantic technologies towards their ability to increase the value of content (or search results)
through the linking of content. Our experiment, by contrast, only considers retrieved search results (and therewith the precision). The work by Xu [22] provides
interesting insights on the impact of collaborative filtering (based on Web 2.0
approaches) on the quality of search results.
Further relevant studies stem from Finin [23] and Ding [24, 25]. The relevance
of search results of conventional search engines is also investigated by Brin [26],
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Page [27], and Silverstein [4]. Silverstein [4], for example, analyzed the AltaVista
search engine query log comprising approximately one billion entries for search
requests over a period of six weeks.

7

Summary and Outlook

This paper investigates and compares the precision of both conventional and semantic search engines based on a controlled experiment with 77 participants. The
six search engines Google, AltaVista, MetaGer, Hakia, Kngine, and WolframAlpha are investigated. Best results are achieved by Google with an overall precision
of p = 0.559 followed by Kngine with an overall precision of p = 0.408. Third
best search engine is AltaVista (p = 0.342) followed by MetaGer (p = 0.297)
and Hakia (p = 0.294). WolframAlpha (which is evaluated differently) shows
an overall precision of p = 0.377. In summary, semantic search engines (e.g.,
Kngine) do not yet achieve the same relevance ratings as conventional search
engines (e.g., Google).
Future work will include further controlled experiments in order to evaluate
other criteria determining the performance of both conventional and semantic
search engines (e.g., further investigation on the recall will be done). Additional
research will be also done in the context of enterprise search. Enterprise search
engines will be investigated and compared regarding their performance.
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