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A framework for developing requirements engineering tools for

computational business intelligence
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The enormous amount of customer reviews posted at e-commerce
websites makes it difficult for the companies to extract relevant review
information for requirements engineering and customer needs assessment. To
cope with this problem, a conceptual framework has been devised in this
dissertation for developing requirements engineering computational tools. Tools
envisaged in the framework would help reduce the information overload
associated with customer reviews, allowing for automatically retrieving relevant
knowledge about customer needs. To test the validity of the framework, two case
studies have been conducted with 1) a sentence-level informativeness prediction
tool developed to assess online review quality for product designers, and 2) a
multi-class sentiment classification tool developed to allow for incorporating
external knowledge sources into a deep learning model. Results obtained in the
case studies convincingly demonstrated that the proposed framework provides
for practical design solutions for the development of effective and efficient
requirements engineering tools.

Chapter 1 of this dissertation introduces challenges companies face
when dealing with customer reviews and specifies criteria that need to be
satisfied to make requirements engineering tools useful in practice. Chapter 2
provides a survey of the related literature on computational customer needs
assessment and review quality prediction. The technological background is also
introduced in this chapter. Chapter 3 then presents the proposed framework for
developing requirements engineering tools, and formulates the main
contributions of the study. Chapter 4 describes the two case studies, together
with experiments conducted with the developed tools and results obtained in the
experiments. The experimental results are discussed in detail in Chapter 5.
Chapter 6 summarizes contributions of the presented study, reviews its
limitations, and outlines directions for future work.
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In this dissertation, a conceptual framework is devised for developing
computational tools for requirements engineering processes.

One of the substantial contributions of the dissertation is the
methodology for quantifying review quality for product designers. A novel
theoretical model is defined to quantify review quality as a function of document
relevance for a given domain and target audience. For the first time in the
domain, the proposed model allows for differentiating between product quality
as seen by customers and as perceived by the product designers. An original
algorithm was developed, based on the model, that automatically computes
quality scores for review sentences. Experiments conducted with Amazon
customer review data (300,170 reviews, 1,160,601 unique sentences) showed
that the proposed approach allowed for better accuracy and F1 scores in review
quality assessment than a fine-tuned state-of-the-art language model.

Another substantial contribution of this dissertation is the proposed
deep learning model and its application to incorporate external knowledge into
machine learning models when the size of available training data is small. It was
suggested to create two separate feature spaces for the available training and
external data and process them separately, before merging the two spaces inside
the deep learning network and making predictions. In experiments conducted
with hotel reviews from Rakuten Travel, 4219 review sentences were annotated
for five sentiment categories. The external data used is a publicly available
Japanese sentiment lexicon. The proposed model performance trained with and
without using the external sentiment lexicon was compared with a baseline
neural network model. The proposed model achieved a 14% better accuracy than
the baseline model, while about 5% in the improvement achieved is attributed
to the integration of the sentiment lexicon into the training process.

Critically discussing the presented study results, it is noted that to
further improve the practical applicability of the proposed framework, future
research needs to be conducted in industrial settings, involving product and
service designers in the design and development of requirement engineering
tools. However, this does not undermine the value of the dissertation.

As a result of the defense examination, all the screening committee members
agreed that this dissertation meets the doctor’s thesis evaluation criteria and is
suitable for conferring a doctoral degree.
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The defense examination was held from 10:00 a.m. to 11:30 a.m., Friday,
February 5, 2021, through Zoom. After the degree applicant explained the
outline of the dissertation, the screening committee members conducted the
defense examination. The committee members and public hearing attendees
asked questions, such as why review quality assessment and sentiment analysis
were chosen to be the focus of the framework, how the size of external technical
documents used would influence the performance of pertinence evaluation, etc.
The applicant’s answers were sufficient and pertinent to the questions.

With the deputy examiners, through the defense examination, we
confirmed that the student has enough knowledge and abilities for the doctoral
degree.

According to this evaluation, the screening committee hereby verifies
that the student meets requirements for Clause 1, Article 18, Ritsumeikan
University Degree Rules and is suitable for conferring Doctor of Engineering
from Graduate School of Information Science and Engineering, Ritsumeikan
University.
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