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The web is thriving with websites containing How-To articles and DIY guides. In
websites like that information about activities and guides how to accomplish them are
located. An activity is defined as any action that a person can accomplish. Our research
focuses on Retrieving activities from the Web related to a user’s search query. To
accomplish that we have created a system that performs meta-search in multiple How-To
websites using semantic query expansion. An overview of the activities retrieval system
is presented along with the explanation of the query expansion algorithm which utilizes
ConceptNet. Finally experimental results gathered from a user study are given in order to
evaluate the performance of our system.

1. Introduction

The World Wide Web is a place where a huge amount of information is being circulated. A
very big part of this information is concerning activities that a person can do. These activities
can mainly be categorized as:

e  Actions that someone can accomplish
e  Tasks to be completed
e  Things that can be created

Activities like the above are mainly located in websites providing know-how knowledge, the
so called How-To sites. The web is thriving with websites containing know-how information
and how-to articles. These articles span a great range of topics from home decoration to
mechanical engineering.

Such websites are either populated manually by a closed group of reviewers or are open for
content submission by anyone in the world. Each website has some categories that it is more
focused on but all of them tend to cover a wide range of activities. In Figure 1 a screenshot of
popular site eHow.com can be seen providing a typical article with instructions on how to
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accomplish an activity. As can be seen the steps that have to be taken are numbered making it
easier to understand and follow the guide. Ehow in particular provides a certain difficulty
score in each article explaining how hard or easy the guide is to follow and also a number of
items that would be needed in order to successfully accomplish the activity detailed inside the
guide.
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Figure 1 A typical How-To article on ehow.com

In these websites people share their experiences by providing How-To articles or DIY guides.
(DIY stands for Do It Yourself) Websites like that are extremely popular and have been
getting more popular with the passage of time. In Table 1 we present a small overview of
various How-To sites and their characteristics. The statistics come from Alexa the most
prestigious web statistics and Information Company.
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Table I Some How-To Websites and their Characteristics as of August 2011

Website Number of Average Alexa Worldwide Range of topics
Articles Number of Traffic Rank covered
Users Per
Month
ehow.com 2.000.000 + 800k-5Smillion 128 General How-To for
wide variety of topics
howtodothings.com | 52.500 80k-300k 12.142 General How-To,
Business, Health,
Travel
instructables.com 2.000.000+ 200k-1million 1.243 DIY, creating anything
with you hands
hackaday.com 28.300 80k-300k 10.814 DIY, Software,
Hardware Guides
makezine.com 50.600 200k-1million 7.474 DIY,
mechanics,engineering
about.com 5.880.000 Smillion+ 69 How To, Advice,
Information
howto.wired.com 10.900 800.000 601 Gadgets, Hardware,
DIY

As you can see from Table 1 there is a big number of How-To sites but there is not a concrete
way to search all of them such as a how-to meta-search engine. One would need to search
each site individually which would be a very tedious and manual process because no
Meta-search engine for How-To sites exists.

In our research we set out to gather activities from how-to sites like the above related to a
search query that a user performs. Our goal is to provide the users with activities related to
their query using the abundance of information located in said sites. Retrieving activities from
the web is important because:

e People often have the need to find instructions on how to accomplish an activity,
and using the web is the fastest and easiest way to achieve that.

e How-To sources are peer-reviewed and edited by many people, so reviewed
information from people all over the world can be acquired.

e  Combining information from multiple websites can cover every aspect of an
activity and provide a wealth of information that cannot be found from other
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sources.
For us activities are any real world task that consists of actions and objects. An action is
represented by a verb and an object is represented by a noun. So example activities could be
“Make Ice Coffee”, “Paint the wall” with the verbs and nouns clearly stated. Activities like
that can easily be extracted out of How-To and DIY websites because the very nature of those
websites is to provide their users with detailed information on how to accomplish challenging
undertakings and how to create interesting things.

2. Related Research

There are many instances in the literature where people attempted to retrieve activities from
the web. In [1] they created a system of activities and services that helps users to solve real
life problems based on their location and time of day. Their system retrieves possible
activities to satisfy the user’s needs for some services. In [2] they made a system that retrieves
possible activities that a user can perform depending on the place or on the domain of the task.
These two approaches have the problem that they manually mine the activities to populate
their knowledge bases, which is not cost-effective and not easy to scale up in a bigger
application.

In other approaches, such as [3] they used the results from multiple websites by creating a
meta-crawler of multiple search engines. Finally in [4][5] they used query expansion by
semantic analysis using DBPedia, the machine-understandable Wikipedia. The shortcoming of
these approaches is that in [3] they directly matched the user’s query giving few results, while
in [4][5] they did query expansion but using DBPedia the expansion was too wide and not
activity-based.

In [8] they used query expansion with the same tool as we will present in the next Section,
ConceptNet, but their work was focused on finding related keywords in a general context and
not with a specific purpose such as activities is for us. They combined Wordnet with
ConceptNet for query expansion. Wordnet achieves expansion by finding synonyms, the so
called synsets. On the other hand in [9] they used ConceptNet for query expansion but applied
it in the context of semantic query expansion for finding related images and without giving
any details on their query expansion algorithm.

3. Our Approach

3.1 Requirements
We propose the creation of a system which retrieves activities from multiple How-To
websites, related to a query that the user will input. In order to thoroughly cover the domain of
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the user’s search we are using query expansion based on the part of speech of the user’s query.
The requirements of our system are to provide the user with information about and links to
activities that can be performed regarding their search query.

It has been observed that many times it is not easy for users to describe activities because of
insufficient knowledge that a user might have about the activity domain or simply because the
user is not certain of the exact nature of activities he would like to learn about.

Since the user is expected to not have a good understanding of the search domain an
additional requirement of our system is to provide us with as many relevant resulting
activities as possible in order to satisfy the user’s need for knowledge about the query. We
believe that this is accomplished by the query expansion algorithm.

3.2 An example scenario

Suppose that Anna is holding a party for her birthday and that there are only 4 hours left
until the party starts. With limited time in her hands Anna wants to impress her guests and
knows that all of them are big fans of good wine. So she decides to impress them by doing
something for them related with wine. Using our system and with the search query “wine” she
will retrieve activities such as “Turn a wine bottle into a lamp” “Make wine Jelly” “Create
your own wine”. If she tries to perform any of these activities her guest will surely be
impressed.

3.3 Description of our system

In section 2 we noted that related research had the shortcoming that they manually populated
their knowledge base which was both not cost-effective and also time consuming. In our
system we use information located in multiple How-To websites so we are not using a single
knowledge base but by extracting information from the web we utilize knowledge from
people all over the world. This provides us with a much broader amount of activities,
satisfying the requirement set in 3.1.

Differentiating further from other related research as noted in Section 2 our approach does
not directly match the user’s query. Instead we are using common sense knowledge obtained
from ConceptNet [7]. ConceptNet is a knowledge database created by MIT which stores
common sense knowledge in the form of relations between words and concepts. An example
of relations that are used is UsedFor(wine,drinking) LocatedIn(kitchen,house). The semantic
knowledge base of ConceptNet is populated manually by people and practically anyone has
the ability to vote up relations that are accurate and vote down relations that don’t make sense
or are ambiguous. Users of the knowledge base use assertions to see if a relation exists or not.
All assertions have scores associated with them which dictate how probable they are of
happening in the real world.

In contrast with direct matching our approach with ConceptNet provides a lot more results
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quite relevant to the original query further satisfying our requirement for a big number of
results. Furthermore unlike [8] we do not use WordNet in anything other than syntactic
analysis because for the purpose of finding activities, synsets do not provide a good enough
expansion. What is needed is semantic expansion, which we achieve through ConceptNet. Our
approach consists of the following stages which can be also seen in Figure 2.

1) Syntactic analysis: Is performed on the query to extract important syntactical data
such as what part of speech each word is. Wordnet lexical database is used for this
purpose [6].

2)  Query expansion: We expand the query by finding concepts related in various ways
to the original. This is accomplished by using ConceptNet. ConceptNet allows
people to search for common sense information regarding some words in the form of
assertions.

3) Crawling of How-To websites: Various How-To websites are then queried for both
the original term and the related concepts. This stage returns activities related with
the original query in interesting ways.

4) Filtering and Ranking of Results: Finally results are filtered to eliminate duplicates,
ranked according to relevance and they are presented to the user inside a GUI
program created by us.
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Figure 2 Overview of our system
During the syntactic analysis the query is separated into its constituent words. All words part
of speech is tagged, prepositions are removed and plurals are turned into singular. This is done
in order to prepare the query for query expansion.
For the query expansion stage we also use ConceptNet just like in [8] but unlike their
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research we do not use the get_context() tool provided by ConceptNet since we are not
interested in general related concepts to the original user’s query. Instead we are performing
only specific assertions depending on the identified part of speech of the word in order to get
related concepts that would help with retrieving activities.

So depending on what parts of speech were identified from syntactic analysis, ConceptNet is
queried with various questions in order to obtain common sense information as can be seen in
Figure 3. If the query is a:

e Noun: What is the noun used for? What possesses this noun? What is the noun capable
of? What would you find in the noun? Where would you find the noun?
e Verb: What can receive the verb as an action? What is capable of doing this verb? What
does the verb cause? What can the verb create?
® Adjective/Adverb: If ConceptNet contains information about the combination of
adjective-noun or adverb-verb then it is extracted. If not the adjective and adverb
does not undergo query expansion.
-
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Figure 3 Query Expansion with ConceptNet
All this returns related concepts which are given a relevance score. The algorithm used for
query expansion scoring is a modified form of Spreading Activation[10] used almost
universally in Query Expansion literature. In our approach we created a smaller semantic tree
for query expansion and the weights of each relation are already set beforehand instead of
decaying by distance such as is usually the case. The reason for this is that we focus the
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expansion on terms and relations that are more likely to produce activities related keywords.

The weights of each relation can be seen in Figure 3 next to the relation. These values were
decided after using various values in tests of our system and observing the returned results.
The primary metric that guided us towards these values was the number of returned activities
which contained verbs when queried with nouns and nouns when queried with verbs.
Secondary metric, used in the case that the primary metrics of two queries were equal, was the
actual span of concepts that the activities covered. Naturally as can be observed by the values
they push the related concepts into forming a Noun-Verb combination which is what activities
are composed of. Further in the future these values can be optimized through a user evaluation
experiment. In Figure 4 examples of the calculations of these values by the expansion of a
query with the word “Map” can be observed.

Lx]

Z conceptScore(i,j) = s(i) * w(j)

i=0
Equation 1  Query Expansion algorithm

Using Equation 1 the calculation of the relevance conceptScore of each concept is
accomplished. We have a concept i returned by assertion relation j. s(i) is the score given by
ConceptNet to the specific concept returned by the assertion and w(j) is the weight value we
give to the relation itself.

To present a few examples of calculating the concept scores let’s consider the following
queries: map, coffee, book and party. By querying ConceptNet for “What is map used for?”,
which has weight value 1.0, we get “to navigate” with score 4 so the final conceptScore is 4.
By querying “What can coffee do?”, which has weight value of 0.8, we get “stain clothes”
with score 2 so the final conceptScore is 1.6. By querying “Where can you find a book?”,
which has weight value of 0.2, you get “shelf” with score 16 so the final conceptScore is 3.2.
From the last example one of the reasons why smaller weights for location relations are
needed can be determined. Spatial relations tend to have bigger scores in ConceptNet than
action relations so a smaller weight is one way to push query expansion towards actions
related keywords. Finally by querying “What does a party have?”, which has a weight value
of 0.4, you get “booze” with score 5, which gives a conceptScore of 2.

Out of all the scored concepts we have gathered from expansion we choose the N top, where
N is a number determined by us. Again in Figure 4 a part of the semantic tree created by query
expansion of the noun “Map” can be seen presenting the related concepts along with their
computed conceptScore.
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Figure 4 Semantic Tree generated by query expansion for “Map”

Subsequently we proceed to the final stage which is to actually query the websites with the
chosen concepts from query expansion. The websites are queried with both the original query
and its combination with the related keywords that have a high enough conceptScore.

The results are filtered and all duplicate activities are removed. Then they are ranked
depending on the conceptScore of the concepts that returned each activity. Furthermore since
each website has its own ranking system we use that as an additional ranking metric for the
resulting activities if we have equal concept scores.

Finally the activities are presented to the user through a GUI interface that we have created
as can be seen in Figure 5. In the top part of the GUI is the query textbox where the user can
enter his query. On the bottom left column the activities list is presented while on the bottom
right the links to the activities articles along with their urls can be seen. Under the query’s
textbox the user can see what the main syntactic interpretation of his query is.
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Figure 5 the GUI of our system

4. Evaluation

In order to evaluate the performance of our system we conducted a small study by asking 20
people to use our application. They were asked to perform 5 queries using (i)Google (ii)Our
System (iii)Our system without using ConceptNet. The 3™ option was added to evaluate our
choice of ConceptNet for query expansion. They were asked how many interesting activities
results they had from each search method out of the first 40 results given by each. The
subjects were encouraged to use nouns and adjective/nouns combinations since at this first
stage of evaluation of our system we mainly wanted to test the noun query expansion
algorithm.

Our test subjects had various different backgrounds in both science and literature and came
from many different countries all over the world. All subjects are residents of an international
dormitory located in Tokyo. By the results of the study we both verified the strengths of our
system but also its shortcomings.

In Figure 6 the interesting results averages from all 20 people for each method are displayed
along with the corresponding standard error. From that figure it is obvious that for finding
interesting activities when querying a noun word, our system has an advantage over
traditional search engines such as Google since the interesting results average is almost
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double that of Google. Moreover ConceptNet provided a 6.9% increase in interesting
activities thus justifying the need for query expansion to solve the activities retrieval problem.

20
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Figure 6 Interesting results averages of the user study

In Table 2 we provide some example queries made by users during the evaluation and the

number of interesting results each method returned. Our users considered as interesting
activity anything that would motivate them to get off the computer and try to perform it as
soon as they read the article.
The first 4 queries are examples of good queries that are suitable for our system. When a
simple one word query is given our system explores the domain of the word and returns
relevant results focused on activities. The activity that users considered the most interesting
for every query is also shown. Most users stated that they were positively surprised by the
resulting activities and that they did not expect to get such interesting and varied results.

The last 2 are example of queries not suitable for our system. Advanced concepts and very
specific words such as “gesture recognition” are not suitable for query expansion by
ConceptNet since it is not considered common sense knowledge. Moreover when the user
knows exactly the activity he wants to perform, standard search engine search seems to be a
lot more accurate since it will return more results as can be seen by “calibrate monitor” query.
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Table 2 Representative uses of our system

Query Google Our System Our System

ConceptNet-Off

Interesting
Activity
Example

pencil 6 31 14 Make a
pencil
crossbow

coffee 2 15 12 Dye hair with

coffee

camera 4 8 6 Camouflage a

camera

eggplant 3 7 7 Make grilled
eggplant

sandwich

Perform hand
gesture
recognition

gesture recognition 4 0 0

Calibrate
your display

calibrate monitor 29 6 6

5. Conclusions

We have presented a system to mine the web for interesting activities by utilizing
query expansion using ConceptNet and multiple How-To websites. As a result of
our experimental study we can conclude that the presented method is almost twice
as effective as simple Google search as far as exploring and discovering interesting
activities is concerned.

Remaining work for the future is to improve the algorithm that ranks the final
results and conduct further evaluation on both the verbs and verb-noun queries.
Moreover user evaluation to determine better optimized relation weight values
during ConceptNet assertions would be beneficial. Furthermore we would like to
compare the results of our system against simple search of the How-To websites and
evaluate further how many interesting resulting activities our system would return
compared to normal How-To website search.

Finally we have set as our goal to proceed with machine learning and interpret the
resulting activities into a machine understandable form. This way the system can
then be employed in robotics without the need for a human to manually input expert
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knowledge into a robot. Instead using our system a robot can potentially search the
internet by itself in order to learn how to accomplish activities and then act on that
acquired knowledge.
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