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Abstract. We present a prototype of an on-line assistant to support a training
course about workspace safety issues. The application uses a common sense
reasoning engine and the Brazilian Open Mind common sense knowledge base,
to make inferences about concepts that might be unfamiliar to the students. We
explore the use of metaphors and analogies to explain topics, enhancing
learning by using similarities to help students associate related topics. We
believe that common sense can be used to take into account cultural
considerations while helping learners to build analogies. A survey of students
showed that they considered analogies useful in the learning process, that the
system was helpful in understanding new concepts, and that it helped connect
the information searched for with common sense knowledge.
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1 Introduction

This article discusses the automatic use of common sense knowledge to support a
Distance Learning (DL) course in a company with more than five hundred thousand
employees that must be continually trained about workspace safety issues in order to
prevent accidents.

We are developing an on-line assistant application that uses a common sense
reasoning engine and the common sense knowledge base of the Brazilian Open Mind
Common Sense (OMCS-Br) Project [5], to make inferences about concepts that
employees are looking for.

We define "common sense" as the knowledge that most people agree with in a
certain community at a certain period of time [1, 2].

Considering time and space constraints that people face in their daily work life,
computer-based DL can be a solution to meet the current demand for continuing
education [25] Nevertheless, the physical distance between teachers (here, the
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company’s trainers) and students (the company’s employees), distance learning
reduces the opportunities for teachers to know about particular students' difficulties
and to intervene in the learning process [8] in time to correct misconceptions or
supply missing knowledge. In particular, the clarity of the material presented by the
computer is crucial, since it has to be capable of helping students clarify any questions
or doubts that appear during their studies [8].

Another way of enhancing DL is to use common sense knowledge to plan learning
actions. Common sense is being used in the learning process in order to achieve
pedagogical goals [3, 4, 9].

It is often possible to find metaphors and analogies in common sense knowledge
bases [15] and, according to Liebman [16] and Neris et al. [18,19], these elements can
be used as a stimulus to activate the use of cognitive strategies by the learner.

Cognitive strategies are defined by Gagné as skills, internally organized, which
learners use to guide their processes of attention, learning, memory and thinking. The
elements used to stimulate such strategies are called cognitive operators [14].

Our on-line assistant looks for metaphors and analogies in common sense
knowledge base, and uses those elements as important components of the explanation
process. It presents the concepts sought by the user in the context retrieved, along
with common sense analogies, which help to understand the information presented.

This paper is organized as follows: the next section presents a discussion about
how analogy supports learning. (Subsequently, we will refer to learning, teachers, and
students; this generalizes the specific situation of workplace training, trainers and
employees for which our prototype was aimed). The following section explains how
common sense analogies can be found in a large common sense knowledge base. In
the next section, the on-line assistant is presented. Then, we present some results of a
user test with the system, evaluating the data presentation and the relevance of the
analogies provided. Finally we present some conclusions, discussing our preliminary
results and the potential for future work.

2 Analogies and the Learning Process

The use of analogies is one cognitive strategy adopted by people when they want to
understand some concept, and a cognitive operator that is used to make other people
understand a concept being explained. This is because it is easier to understand new
information when relating it to life experiences [3,17].

Ausubel explains this phenomenon when he defines meaningful learning concepts
[5]. For Ausubel, in order to have effective learning, the new piece of knowledge
which is being taught should be presented to the learner so that it can be related to
other pieces of knowledge which are already in their cognitive structure.

As an example, let’s suppose that, in the learner’s mind, the concept “fire” is
related to the concepts of “danger” and “accident”. Then the new concept “electric
spark” is presented in the learning material. If “electric spark™ is close to “fire”, then
the associated concepts “danger” and “accident” can be used to make an analogy
between “fire” and the new concept “electric spark”. So it helps the learner to know
that, like fire, electrical sparks are dangerous and can cause accidents.
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This approach of using analogies can also be justified by Paulo Freire’s theories.
For Freire, for learning to be successful, teachers should be concerned with the
learner’s common sense, to stimulate their creativity [12]. In keeping with Freinet’s
theory [13], if students are familiar with cities, teacher should use elements like cars,
stores, buildings, and so on. If the students are familiar with farms, concepts such as
animals and plants would be more suitable to make them understand what is being
explained. Furthermore, analogies can also be related to Gagné’s Instructional Theory
[14]. According to Gagné, learners make use of several strategies to guide their
processes of attention, learning, memory and thinking. The use of these cognitive
strategies is very important to fix the knowledge in learners’ cognitive structure and
thus to effective learning.

Although cognitive strategies are skills organized internally by the student, as
presented in Gangé’s Instructional Theory, Neris et al. [18,19] maintain that teachers
can make use of some external elements, the cognitive operators, to stimulate their
use. For instance, professors can present some analogies to students so that they can
activate the same internal skill (analogies) on their own. The cognitive strategy
Association can be directly related to analogies since analogy can be defined as a
comparison between things which have similar features as well the strategy
Metaphors and analogies. Stamm [21] mentions that activating the cognitive strategy
called Analogy in the students can activate the learning surprises that professors
frequently desire.

It is interesting to point out how analogies lead to connections among things a
person already has in mind, i.e., cognitive structure. Making these connections means
to promote meaningful learning, and this is only possible because the information
presented can be related to something that the student already knows, i.e., it is
contextualized to his or her background knowledge.

3 Finding Metaphors and Analogies in Open Mind Common
Sense Knowledge Base

This study has been using the OMCS-Br knowledge base to automatically build the
analogies presented by the online assistant. This knowledge base has been built using
the collaborative approach adopted by the versions of the Open Mind Common Sense
(OMCS) Project, which is based on the idea that ordinary people can contribute the
common sense knowledge needed to make computers more intelligent [21].

The Brazilian version of the project has been developed since August 2005, and
now it has in its knowledge base approximately 137.000 sentences, which were gotten
from volunteer contributors on the project website (www.sensocomum.ufscar.br).

Lieberman et al. [15] have already demonstrated the possibility of building
common sense analogies from the data stored in OMCS knowledge bases, bridging
the mismatch between the specialized knowledge and technical vocabulary of experts
who are providing help, and the relative naiveté of novices, who are usually not in a
position to understand solutions expressed by the expert in their own terms.

SuggestDesk, the assistant which presents common sense analogies, watches the
interaction between the novice and the helper, and suggests to the helper analogies
that will help him/her elicit problem information from the user and explain technical
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solutions. Besides SuggestDesk, there was also an e-mail client in the context of the
OMCS Project, What is he thinking (WIHT). WIHT watches the user’s input during
e-mail editing, alerting the user to possibly relevant cultural differences and analogies,
regarding the eating habits domain, for concepts that evoke a similar social meaning
in those cultures [11]. Another version of WIHT was developed to work on four
semantic networks [1]: the OMCSNet (OMCSNet.OM), which was mined from the
Open Mind corpus, and three culturally specific knowledge bases — the Brazilian
(OMCSNet.BR), the Mexican (OMCSNet.MX) and North-American (OMCSNet.US)
semantic networks. The OMCSNet.BR was built from data mined from the Brazilian
Open Mind Common Sense database [1,2].

The intelligent agent implemented in WIHT is capable of making analogies
between the networks. This is possible by comparing the set of tuples retrieved from a
contextual search in the American and Mexican, and the Brazilian and American
semantic networks. For instance, the contextual search in the American network
would return relations such as:

[ITsA ‘soft drink’ ‘Coca-cola’]
[PropertyOf ‘Coca-cola’ ‘sparkling’]
[UsedFor ‘soft drink’ ‘drink’]

At the same time, the contextual search in the Brazilian network would return
relations such as:

[UsedFor ‘drink’ ‘Guarand Antdrtica’]
[IsA ‘softdrink’ ‘Guarand Antdrtica’]
[PropertyOf ‘soft drink’ ‘sparkling’]
[PropertyOf ‘soft drink’ ‘sweet’]

Having those sets of relations, the intelligent agent compares them. If the value of
one node and the semantic relations in the tuples of one set are equal to the tuples of
the other cultural set, then the differentiating concept is an analogy between the two
cultures that are being considered. These processes are similar to Gentner’s Structure
Mapping analogy method [11,1,2].

4 On-Line Assistant with Common Sense

The online assistant uses a similar approach to that used in SuggestDesk and WIHT
systems.

In this context, in order to be possible to make the intended analogies, it was
necessary to build a domain-specific knowledge base, ExpertNet, using the same
knowledge representation used in ConceptNet. This knowledge base was built by a
Knowledge Engineer, based on information from several documents about workplace
safety issues provided by the company. When the student searches for a concept, it
compares the set of relations retrieved from ExpertNet to the set of relations retrieved
from ConceptNet so that analogies can be made. The approach used here is similar to
WIHT, but applied to a new domain.
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The version of ConceptNet used in this experiment is a semantic network
automatically mined from the OMCS-Br corpus, and represented as a set of binary
assertions. Considering that the application is intended as a tool for distance learning, it
has been designed to run over the web. Therefore, we considered such issues as
bandwidth constraints, which directly affect system response time and user satisfaction.
Again, because of the application’s purpose, we adopted a Web service architecture.
This architecture is characterized by making available the searching methods of the
ConceptNet’s API, implemented in Python, in a ConceptNet server that receives
requests from web applications, as depicted in Figure 1. Additionally, we developed a
Java module, the OMCS Client, which uses the XMLRPC protocol to connect itself to
the server and access the API methods, mapped as Web services. Finally, we developed
a website using JSP technology, where students perform their searches.

When students provide a search query, the web server establishes a connection to
the ConceptNet server through the OMCS Client module. Then the ConceptNet server
lemmatizes the expression which was sent by the OMCS Client and makes inferences
about it, considering the morphological variations of the words that compose the
expression. Having identified the variations, the ConceptNet’s API returns all
relations and analogies which contain at least one of those variations.

In order to identify the morphological variations, the system uses two techniques.
The first one is the expansion technique. It is useful when students use short expressions
to perform the search. In this technique, the terms related to the context are retrieved by
ConceptNet's Get-Context method. Then, terms that have the lemmatized expression as
a substring are also retrieved. For instance, when a student provides the expression
“fire” in the search’s area, which is depicted in Figure 2, the system will also search for
expressions like “fire alarm”, “fire place”, “fire door”” and so on.

The second technique is useful especially when large expressions are provided by
the students to be searched. In this case phrasal structures, such as noun phrases,
verbal phrases and adjective phrases are identified by the system and then the system
performs a search for each structure identified. For example, when a student asks the

Brazilian
ConceptNet API
A

Web Server Brazilian ConceptNet - -

<
Server “dﬂ & Brazilian

Curupira_ Lemmatizer, ConceptNet

Prototype

Fig. 1. The help assistant architecture

system for results related to the expression “preventing accidents in the workplace”,
the expression will be divided in “preventing work accidents”, “work accidents”,
“accidents” and “accident in the workplace”. This technique increases the likelihood
of getting results from the search, since the terms that are searched are simpler and
more likely to be found in the semantic network.
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Fig. 2. Screenshot of the online assistant to distance training in work security subject

Once the system identifies the related concepts and analogies, they are presented to
the student considering 4 categories in the following order:

1. Definitions;

2. Analogies;

3. Relations; and

4. Related Concepts.

The first three categories can be observed in Figure 2. The fourth is presented in
Figure 4. It is important to point out that all expressions retrieved from ConceptNet
and ExpertNet are presented by the system as links. By clicking on one of those links,
a new search is automatically performed in the semantic network, and new results are
presented to the user.

In the Definitions’ area the system presents the explanation of the concepts, retrieved
from the search performed by the student, which were found in ExpertNet. Students can
find the information they need about the expressions they are looking for in this area.

The Analogies’ area presents analogies computed by the system. Here the common
sense analogies help students understand the explanations presented in the Definition
area. The analogies are presented as sentences of the form, X relation Y, as A relation
B where relation is the type of relation that connects those items in the ConceptNet.

An example is presented in Figure 3. We use analogies from the workplace domain
to the domain of everyday life. Analogies explain specific topics with generalized
examples from commonsense. In this figure, we present an example concerning the
factors likely to cause workplace accidents.
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Fig. 3. An example of using analogy from common sense to explain a concept

These factors are explained by making analogies to factors that cause accidents in
the home. For example:

e To expose a part of your body to dangerous machinery is like a person that leans
out of a window.
e Using a machine in the workplace without proper permission is like letting a child
use the stove in a kitchen.
e Adjusting or Cleaning a Machine while it is moving is like cleaning the stove with
the flame on.

In the Relations’ area, we show the connection among some terms of ConceptNet,
related to the context retrieved. Students can use the links presented in this area to
explore new concepts and enhance their learning.

Finally, we present the Related Concepts’ area, shown in Figure 4. This area has
some contextualized terms that can also be used by students to guide their learning

process.

Conceitos relacionados:

4 combustivel # combustivel solido & combustivel liquido

4 combustivel gasoso # liquido & gasoso

# eliminagéo ® abafamento ® presenga de combustivel
* calor ® proximidades e comburente

* elemento * madeira ® papel

® carvao * dleo #* gasolina

* presenga * outros gases * friangulo

* serve * campo ® propagagao

Fig. 4. Related concepts’ area
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We included the Related Concepts area to encourage students to be continually
mindful of the context they are exploring, taking into account the importance of
context for effective learning

S Evaluating the Assisting — The Users’ Opinions

To evaluate whether the developed prototype is useful to support distance training, we
conducted a survey in which 24 volunteers users participated. The most part of the
participants were master candidates, contacted through email, who were not
previously familiar with the specific workplace safety theme in our test.

The prototype was presented to the users, and then they were instructed to interact
with the system, searching for desired topics related to the workplace safety theme.
After that, the users’ opinions were collected using an on-line questionnaire, which
can be found at http://lia.dc.ufscar.br:8080/taticas/enquete_inicio.jsp (in Portuguese).

The questionnaire was divided into two parts. The first one was about the user's
profile, where 3 questions about age, educational level and gender were asked. Then,
five more questions about the users’ satisfaction were asked.

The questions were designed in a 5 point Likert scale, including the responses,
“Very useful, useful, does not matter, somewhat useful and not useful” and the users
selected the option that was closest to their opinion. We also provided a free text field
in case the user wanted to express additional comments.

Before filling out the questionnaire, the users received some information about the
main objective of the research and ethical aspects, including confidentiality and privacy.

The users’ profile identified by the three first questions shows that 83% of the
users are males between 18 and 29 years old. About 42% are master candidate, 38%
are undergraduate students, and 20% are high school students.

Around 79% of the users mentioned that it was easy or very easy to use, as shown
in Table 1. Some comments made in the free text field were that “the system is simple
to use and intuitive”, and “it seems easy to interact and find things”. It is important to
point out that, although very few users classified the system as difficult to use, there
were also comments such as “the system should show a message to the user when the
concept was not found” and “...the way that data are presented could be more
concise...”, which point to the necessity of improvements to the interface.

Table 1. User’s opinions about the analogy utility to understand the showed concept

User opinion Percentage
Very easy 25.0 %
Easy 54.2 %
Irrelevant 125 %
Difficult 8.3 %
Very difficult 0 %

Additionally, the survey showed that about 88% of them considered the system
useful or very useful. We conclude that the system should be well accepted for its
intended purpose, since there were no users that considered it of little or no help, as
shown in Table 2.
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Table 2. User’s opinions about the prototype utility

User opinion Percentage
Very useful 20.8 %
Useful 66.7 %
Irrelevant 12.5 %
Little useful 0 %

Not useful 0 %

The users were also asked about the analogies that were presented in the prototype.
The first question asked about this issue was whether the user took note of the
presence of analogies shown by the system. A high percentage of the users, about
88%, commented that they noticed and appreciated them.

The second question asked if the user considered the use of analogy useful to
understand the concept presented. Table 3 shows that 67% of the users considered
that the analogies were useful or very useful, and taking into account only the users
who noticed the presence of the analogies this percentage rise to 70%. They also
presented some comments like “T liked the analogies most because they help me to
understand the subject that is being explained” and “the analogies were useful
because gave clearer examples about the concepts’ definition”. Those comments just
confirm what many authors have already enunciated about the use of analogies in the
learning process and demonstrate the relevance of the approach adopted in this study.

Table 3. User’s opinions about the analogy’s utility to explain the relevant concept

User opinion Percentage
Very useful 20.8 %
Useful 66.7 %
Little useful 12.5 %
Not useful 0%
Analogies were not presented to me 0 %

Overall, the collected data in this survey demonstrates that most users considered
the analogies useful in the learning process. Also, some observations were collected,
in an optional field of the questionnaire. Following some examples are presented:

e ‘.. the system is very interesting, especially for using analogies that facilitate the
concepts’ understanding from previous knowledge...”

e ‘.. one suggestion is to drop the redundancy in some definitions...”

e “The analogies were satisfactory and coherent to the context.”

e “.. I had to spend some time analyzing the data before finding answers to specific
questions!”

Some users criticized the fact that inclusion of the analogies sometimes causes
redundancy, increasing the amount of text on the screen, possibly obscuring particular
results that a user might wish to find. Comments like these should be analyzed to refine
the system requirements, when systems like this are deployed for use in a real situation.
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6 Conclusion and Future Works

This work presents an on-line assistant for a distance training application, using a
commonsense knowledge base to make analogies between topics in the curriculum
material, and everyday life. Analogies play a very important role in the learning
process, because they can be used in order to help people associate new things with
known things through their similarities.

Large scale common sense knowledge bases can be used to build analogies that
make sense for most people, because they take into account cultural knowledge
shared by most people of a specific culture [1, 2]. Explanation based on analogy has
been known to help people understand new concepts [1, 2, 11, 16].

In order to verify the utility of the common sense-based approach adopted in the
prototype, we conducted a survey. Respondents reported that the analogies were
helpful in understanding the presented material.

Taking into account previous research [7, 16, 18, 19], we envision future work
integrating the common sense engine into an instructional material editing tool,
Cognitor [23], an authoring tool whose main objective is to support the teacher during
the design and editing of instructional material to be delivered electronically.

The common sense engine could suggest analogies to teachers who were
composing instructional material using Cognitor, so that they could be encouraged to
present a suitable vocabulary, using analogies, and to present the new knowledge in a
way that students can better understand.

According to Neris et al. [19], these characteristics improve the usability of the
instructional material, which will be more deeply analyzed in future work.
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