©
2016 2018

Application of Quantum Theory to Partial Retrieval of Online Course Materials

PRADHAN, SUJEET

3,500,000

interference

The results obtained from this research are believed to pave a way for a better ranking mechanism,

especially in the field of Online Learning Material Retrieval Systems. This can be considered as a
major academic contribution of this research.

In this research, three different data models were developed to organize and
manage Online Course Materials. In addition to our previous query operations, new ones were defined
to compute search results more efficiently. Moreover, quantum based probability ranking principle

was proposed to present the search results more effectively. In particular, the notion of

interference based on quantum theory was introduced to reflect the uncertainty of ranking of search
results.
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In information retrieval (IR), quantum theory has been gaining a wide interest to be used
to generalize the geometric, probabilistic, and logical-based IR models within a single
mathematical formalism in complex Hilbert spaces. Various key concepts from quantum
mechanics find their analogy in the IR field.

On the other hand, in recent years, prestigious universities such as Massachusetts
University of the United States, Stanford University and the University of Tokyo of Japan,
are offering Online Courses by providing teaching materials in various media formats such
as presentation (slides), electronic textbooks and even lecture videos. However, there are
yet no available tools to search for specific units of these media. Neither are there any
means to guide a user to suggest and navigate through related media units. As the volume
of these Online Course Materials is expected to keep growing, retrieval of specific
information units will ultimately become essential.

Online Course Materials generally consist of media in various forms such as digital
textbooks, slides, audios and even videos. In addition, information contained in each media
may not be complete in itself. Usually, information in a particular part of a certain media is
semantically related to a certain part of another media. These related parts of media
complement each other and when they are presented to users as an organic unit, the users
are expected to acquire a better understanding of the learning contents. The issue then is,
given a set of keywords as search criteria, how to compute these organic units effectively
that would satisfy the user's information need. The main objective of this research is to
develop a formal framework for retrieving such organic units of Online Course Materials by
adopting certain principles of qguantum mechanics.

Given a user's information need, one of the important tasks in a typical IR system is to
develop a formal theory to estimate the probability of relevance of a document. Rankings
based on Probability Ranking Principles (PRP) are often implemented to present search
results in decreasing order of their relevance probability, which would achieve an optimal
retrieval performance. However, it is generally assumed that the relevance of a document
to a user's information need is independent of other documents. And this is where
conventional rankings based on PRP often fail. This is because the judgment of relevance of
a document by a particular user, in most cases, is influenced by his or her recent activity.
Moreover, in certain cases, a user's perception about a document is affected by his or her
knowledge about that particular information as well.

This research is an attempt to implement a quantum based probability ranking principle in
an Online Course Materials Retrieval System (OCMRS). The key difference of this
approach is that this principle makes no assumption that the relevance of an information
unit is to a user is completely independent of other information units.

We first considered three different models to represent information units of various media
that can be available in an OCMRS. An information unit is defined as the smallest physical
unit of a media that can be automatically identified such a slide of a presentation file, a
page of a digital textbook, or a shot of a video. Usually, users expect to retrieve a
meaningful organic unit which consists of consecutive information units. These information
units may be extracted either from a single media or they may even consist of units from
different related media.

1. Two Dimensional Data Model
This model has been adopted from our earlier research. In this model, all related
media are mapped in a 2 dimensional space. Each media has its own temporal
dimension. Related units of cross media are mapped using a special algorithm
beforehand. Given a set of keywords as a query, operations are first performed to
compute a meaningful portion of this 2d space. Quantum based probability ranking
principle is then applied to rank the result.



2.

Graph-based Data Model

In this model, each information unit is represented a node of a graph. Related
information units are joined by edges of the graph. Given a set of keywords as a
query, algebraic operations are performed to compute a meaningful subgraph.
Quantum based probability ranking principle is then applied to rank the result.

Quantum-based Data Model

In this model, each unit of media is represented on its own temporal dimension.
However, unlike in 2d Model, no semantic mappings are performed beforehand.
Given a set of keywords as a query, operations are performed to compute a
meaningful portion of each media stream. The concept of ‘interference’ based on
guantum mechanics is then applied during the rankings of the result. The topmost
candidate is calculated as in a conventional one based on probability ranking
principle. However, the rest of the candidates are calculated according the following
two criteria.

The interference is negative if the following candidate is from a different media
stream. This is based on the assumption that materials in different media streams
usually complement each other.

The interference is positive if the following candidate is of the same media type.
This is based on the assumptions that users would have a better understanding by
getting more similar types of information regarding the query.

These models are still at early stages and experiments using real world data are to be
carried out to verify the effectiveness of these approaches.

The main contributions of this research are:

1.

2.
3.

Different data models were developed to organize and manage Online Course
Materials

Various new query operations were defined to compute search results efficiently.
Quantum based Probability Ranking Principle was proposed to present the search
results more effectively.
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