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Abstract. When introducing computer systems as well as the e-Learning 
systems such as Learning Management System (LMS), requirements analysis is 
very important. In recent years, it has been noted that most of the people who 
introduce e-Learning systems in Japan are non-professionals of information 
technology. Generally, requirements analysis is well known for being very 
difficult for the information technology professional, and even more difficult for 
the non-professional. Therefore, this paper proposes a framework for supporting 
decision-making in Learning Management Systems selection for the non-
professional. Using Analytic Hierarchy Process (AHP) and Quality Function 
Deployment (QFD), this framework recommends a LMS based on the priority of 
requirements. 
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1   Introduction 

In Japan, information systems used for education support, such as e-Learning, have 
been intergraded into higher education. Unfortunately, the number of people who are 
qualified to introduce the e-Learning system is low. Furthermore, those people are not 
always information technology professionals. This creates a unique situation which 
requires unique attention.  

When introducing the computer systems, requirements analysis about e-Learning is 
very important, as well as usual computer systems. Requirements analysis must include 
identifying stakeholders and acquiring their needs, and modelling these by defined 
languages. There are a number of inherent difficulties in this process. Generally, 
requirements analysis is well known for being very difficult for the information 
technology professional, and even more difficult for the non-professional. 

Therefore, this paper presents a framework for supporting decision making in 
Learning Management Systems (LMS) selection for the non-professional. Using 
Analytic Hierarchy Process (AHP) and Quality Function Deployment (QFD), this 
framework recommends LMS based on the priority of requirements. The framework 
is developed as a web-based application, and then the appropriateness is discussed 
through experimentation. 



700 Y. Terawaki 

This paper is organized as follows. Section2 outlines AHP and QFD, and reviews 
some related Requirements Engineering (RE) works in order to consider for 
appropriateness of these techniques. Section3 describes proposed framework. Section4 
presents LMS selection support system developed as web-based application nameed 
JULY. Section5 describes experimentation. Section6 accounts for experimental results. 
Section7 discusses the availability of this work. Finally, Section8 concludes this 
research. 

2   Supporting Decision Making for Learning Management System 

In our daily lives we have to make decisions very regularly and choose from a myriad 
of options. We choose the best candidate in consideration of various factors like 
knowledge of the chosen object, standard, speculation, and preference, etc. However, 
it is not easy to say that all factors will be considered when decision making done. 
Moreover, if knowledge and the standard about the chosen object are clear, it is 
comparatively easy to choose, but if not, when comparing them, bias will occur. A 
major technique of the decision-making method to deal with such a problem has the 
AHP. Furthermore, this research aims to support non-professionals of information 
technology, and people who have a lack expertise with LMS function and the 
requirements for LMS. To support these people, this research adds QFD to AHP. 
QFD helps to decrease language mismatches between customer needs and LMS 
features. By using QFD, a subjective requirement of non-professionals can be 
correlated with the feature of LMS function and the professionals’ objective LMS 
information. As a result, the non-professional is able to understand the functional 
elements of LMS and can utilize the AHP. 

The next section outlines AHP and QFD, and the appropriateness of the use of 
these techniques are discussed by referring to earlier studies of RE. 

2.1   AHP: Analytic Hierarchy Process 

AHP was developed by T.L. Saaty in the 1970's [1]. AHP is a structured technique for 
helping people deal with complex decisions. AHP is also a theory of measurement 
through paired comparisons and relies on the judgments of experts to derive priority 
scales. AHP first decompose user’s decision problem into a hierarchy. The hierarchy 
is composed of three elements. There is the goal, the criteria and the alternatives, with 
the goal at the top, the alternatives at the bottom, and the criteria in the middle. Users 
of the AHP obtain rankings and weighting through paired comparisons of items in 
each criterion that are converted to normalized rankings using the Eigenvalue method. 
This means that the relative rankings of alternatives are presented in ratio scale values 
that total one. 

2.2   QFD: Quality Function Deployment 

In the 1970's QFD was developed by Yoji Akao, Shigeru Mizuno and others. QFD is 
recognized as a way to expand and implement the view of quality [3]. QFD shows 
that it is particularly beneficial for interdisciplinary communication, clear understand-
ing of customer and/or user requirements, consent about the solutions found, 
completion of documentation of all steps taken, a profitable product and satisfied 
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customers. It has been widely applied in many industries worldwide, such as 
automobile, electronics, food processing, computer hardware and software ever since. 
QFD gradually decomposes the work forming the quality by the purpose and the 
means. QFD uses matrices to organize and relate pieces of decomposed data to each 
other. These matrices are often combined to form a basic tool of QFD. 

In the RE and Software Engineering (SE) communities, QFD is called Software 
Quality Function Deployment (SQFD) [2][3]. SQFD focuses on improving the quality 
of both the software development process and the product. It has been applied to 
improve software quality in many large organizations. As a result, it's recognized as 
being able to enhance communication between customers and software developers 
and testers. It also improves customer satisfaction. 

2.3   To Calculate Weight of User's Requirements 

AHP has received some interest in the RE and SE communities. For instance AHP is 
used as part of the development of systems based on COTS (Commercial-Off The-
Shelf)[4][5]. Maiden et al. [5] not only confirmed usefulness of AHP but also debated 
the issue when they are proposing a template-based method called PORE 
(Procurement-Oriented Requirements Engineering) to support off-the-shelf systems 
selection. According to Maiden et al., AHP should be used to weight customer 
requirements, but not to determine product compliance to these requirements. This 
research agrees on weighting customer requirements. Moreover, they pointed out the 
following problems: (i) Assumption for using AHP that all criteria are independent is 
not satisfied. (ii) As the number of judgments increases, paired comparison, also 
increases. These problems are discussed at not only RE communities but also 
communities that consider calculation method of AHP, such as Operations Research. 
As previously described, AHP normalized the weight sum to be one. For this reason, 
when there is a subsidiary between criteria, and due to newly added criteria, the 
original weight will change. However, assumption that all criteria are independent is 
not always satisfied. Generally, it is difficult to remove a subsidiary completely.  
Therefore, this research uses the technique proposed by Ichihashi [6]. Ichihashi 
normalized the weight of criteria’s maximum value to be one. 

2.4   Decomposition of Users’ Requirements 

When users of AHP make paired comparison, they use knowledge about criterion. 
Therefore, being limited only to the use of AHP cannot support non-professionals of 
information technology. Hence, it is important to provide requirements using 
nontechnical language for users of this framework (the target user). Moreover, paired 
comparison become available by determining these requirements of nontechnical 
language. 

Actually, the problem of vocabulary is a critical issue to be treated. According to 
Finkelstein et al. [4], there is a language mismatch between COTS features 
description and customers needs, and this mismatch increases the chances of selection 
failing. Therefore, it is necessary to decompose included requirements in unclear 
user's needs. Also, it is important to disclose the relationship between the decomposed 
user’s requirements and the LMS function (in other words, the relationship between 
nontechnical language and technical language). 



702 Y. Terawaki 

In RE communities, Goal-Oriented Requirements Engineering (GORE) has been 
recognized as a leading technique of eliciting or decomposing unclear customer 
needs. To elicit the requirements for an expected system from stakeholders, GORE 
uses a hierarchical tree structure. Directly borrowed from problem reduction methods 
in Artificial Intelligence, AND/OR graphs may be used to capture goal refinements. 
For instance, KAOS (Knowledge Acquisition in autOmated Specification) developed 
by Lamsweerede et al. [7] is the leading method of GORE. KAOS not only has 
features of GORE but also allows formal verification by applying temporal logic to 
each description of the goal. GORE has several advantages if this research uses it. 
However, QFD and GORE are similar in some respects. To obtain concrete 
requirements, GORE gradually decomposes a customer’s requirements from the high-
level goal to sub-goal (low-level goal). QFD decomposes requirements told by an 
ordinary customer’s voice, and makes a hierarchical list of customer’s requirements. 
The hierarchical list of customer’s requirements is combined with the hierarchical list 
created by technical personnel through decomposing data such as the function, 
operativeness, and flexibility, etc.,. Therefore, depending on the creation of matrices 
(QFD), representation of the hierarchical tree of GORE can be possible.  

To obviate mismatch of language, and to make AHP available, this research needs 
to provide the target user the told requirements by using a user's (or customer’s) 
voice. Moreover, a requirement by target user's voice demands a translation to the 
features of LMS function. Therefore, to propose framework, this research uses some 
ideas from QFD. 

3   Concept and Calculation 

This framework proposes recommended LMS based on priority of target user’s 
requirements even if the target users are not familiar with functions and requirements of 
LMS. As for calculating the priority of target user’s requirements, paired comparison by 
the target user becomes available through providing the told requirements by using a 
user (or customer) associated with functional elements of LMS. Fig. 1 shows conceptual 
diagram of the framework. 

 

Fig. 1. Conceptual Diagram 
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Strictly speaking, the typical framework user is a non-professional of information 
technology or technical personnel (person skilled in information technology and 
LMS). To provide the requirement statements associated with functional elements for 
non-professionals of information (target user), this framework requires the knowledge 
of technical personnel in the first stage. In the first stage, a technical personnel needs 
to create two data files for this framework: One is a “Requirements- Function Table” 
and the other is a “LMS- Function Table” (in this research I created the two data 
files). These data files are created in order to approach requirements of the target user 
by using QFD. The “Requirements- Function Table” represents correlations between 
user’s (or customer) requirements and LMS functions. The “LMS- Function Table” 
represents correlations between LMS names and LMS functions. The “Requirements- 
Function Table” and the “LMS- Function Table” creates the categories such as the 
requirements of BBS, Quiz, and Material using the KJ method. Thus, the decision 
hierarchy is built.  

In the next stage, the “Requirements- Function Table” and the “LMS- Function 
Table” are utilized for providing the recommended LMS. The framework represents a 
pair of requirement statements at once from the “Requirements- Function Table” for 
the target user. The target user then makes decision about them: for instance, which is 
more important. This means that the target user makes paired comparisons by himself. 
The priority of the target user’s requirements is then calculated. Furthermore, a 
recommended LMS is calculated by associating the priority of the target user’s 
requirements with the “LMS- Function Table”. The calculation method is as follows. 

The priority of the target user’s requirements obtained by using AHP is defined as 
follows. 

Wr = w1 w2 ... w3[ ]T
 (1)

Matrix R, the “Requirements- Function Table” is defined as follows: rows are number 
of requirements ‘m’, columns are number of function ‘n’, and entries are ‘(m, n)’. 

R = rmn[ ] (2)

Matrix L, the “LMS- Function Table” is defined as follows: rows are number of 
LMS ‘m’, columns are number of function ‘n’, and entries are ‘(m, n)’. 

L = lmn[ ] (3)

The weight of function is calculated by the following expression. 

W f = RT ⋅Wr  (4)

The weight of LMS is calculated by the following expression. 

Wl = L ⋅ W f  (5)

In addition, the framework arranges weight of “Wl ” in descending order and then 
presents it to the target user as recommended LMS. 
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4   Implementation 

This section presents the development environment and system features for the web 
based application, JULY. 

Development environment: The framework was developed as a web-based applica-
tion called JULY. JULY is organized as follows. Server- side programs are written in 
the Ruby programming language. Two data files, the “Requirements –function Table” 
and the “LMS –function Table” are stored on server-side. Client- side programs use 
Asynchronous JavaScript + XML (Ajax) programming language. The web browser 
that a target user uses on the client side assumes FireFox and Internet Explorer. 

System features (Disclosure of requirement statements and recommended LMS): 
First, a target user chooses a category, then makes paired comparisons with the 
requirement statements contained within the chosen category. JULY provides only 
one pair of requirement statements on the screen at a time from the “Requirement - 
Function Table” in random order for the target user. Depending on the context of the 
requirement statements, the target user needs to change the measurement scale of 
AHP when the target user makes paired comparison: for instance, the measurement 
scale needs to change to another convenient verbal, such as “likable”. Thus, when 
making paired comparisons intuitively, JULY utilizes graphics in order to represent a 
measurement scale. Finally, JULY provides the result screen including the 
recommended LMS, the priority of function and the priority of requirements. 

5   Experimentation 

Subjects for the experiment were university staff with the potential to introduce LMS. 
There were a total of 20 subjects: 3 in their 20’s, 13 in their 30’s, 3 in their 40’s, and 
one person in their 60’s. 5 were bachelor’s degree holders, 10 were master's degree 
holders, and 5 were doctorate degree holders. The ratio of men to women was 3:1 and 
the ratio of Arts to Sciences was 2:3. 

Methods: Based on the scenario, the experiment was conducted through selecting a 
pseudo LMS. The scenario is described briefly as follows: a teacher who takes charge 
of a 300-student class wants to use the LMS to distribute materials with online, and to 
conduct a online quiz. There are two kinds of scenario: Scenario A has the 
requirements priority about distributing materials is high, Scenario X has the 
requirements priority about quiz is high. Depending on the scenario used for the 
examinee, this framework will calculate different recommended-LMS.  

Pseudo LMS were created based on the actual product. There are 5 pseudo LMS: 
one has more functions, and is suitable for the scenario; one has less functions, and is 
suitable for the scenario; one has more functions, and is moderately suitable for the 
scenario; one has less functions, and is moderately suitable for the scenario; one is not 
suitable for the scenario.  

One examinee executes the selection twice: one using JULY, and the other without 
using JULY. This experiment keeps the first experimental results secret to examinee. 



Framework for Supporting Decision Making in Learning Management System Selection 705 

If examinee does not use JULY, the functions forming LMS are given to them on an 
A3 card. This information is the same as JULY’s data. In addition, if the examinee 
matches the requirements of a scenario, this experiment assumes that the more 
multifunctional LMS becomes highly ranked.  

Collection method of data: There are two types of analysis data: one is the server-
side log of JULY, the other is the time taken by examinee until obtaining a 
recommended LMS. The server-side logs collected the examinee’s action record: 
They show which category was clicked, and how long need time for a pair of 
requirement statements, and which measurement scale was clicked. The time taken by 
examinee was timed with a stopwatch when examinee selects LMS by using JULY, 
and without using JULY, respectively. 

6   Experimental Result 

Tendency of selected LMS: Fig. 2 shows the number of examinees who obtained the 
ranking of LMS matching requirements of scenario. When using JULY, 14 examinees 
had obtained ranking of LMS which matched requirements of scenario. When 
examinee selects LMS without use of JULY, there were 8 examinee that matched 
requirements of scenario. Fig. 2 shows that examinees who failed to select LMS suited 
to the requirements tended to select LMS suited to the requirements by using JULY. 

 

Fig. 2. The number of examinees who obtained the LMS meeting the requirements of scenario 

Required time to answer a pair of requirement statements: Fig. 3 shows the 
vicissitude of time: time the examinees required to answer a pair of requirement 
statements. Fig. 3 shows that from the first question during the tenth question, 
examinee took from 15 seconds to 45 seconds per question. Thereafter examinee took 
from 5 seconds to 8seconds per question. Initially, examinee needs more time to 
understand JULY’s operation. However, once examinee understood JULY’s 
operation, examinee can make paired comparison within a relatively short time. 

The time taken to select LMS: Fig. 4 shows the data grouping the time taken when 
examinee selects LMS by using JULY, and without using JULY, and then measured 
T-statistics. Difference in the time of two populations is significant: t0 = 6.114 > t  
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Fig. 3. The vicissitude of time: time the examinee required to answer a pair of requirement 
statements 

 

Fig. 4. Result of T-statistics 

(19, 0.02) = 2.861). In this result, it is clear that time is shortened when using JULY, 
rather than when LMS is selected by not using JULY. 

7   Discussion 

This research shows the following result. 

1. Examinees who failed to select LMS suited to the requirements tended to select 
LMS suited to the requirements by using JULY. 

2. It is clear that time is shortened when using JULY, rather than when LMS is 
selected by not using JULY. 

When examinees do not use JULY, examinees cannot select LMS corresponding to 
requirements of the scenario. However, when examinees use JULY, examinees tend 
to be able to select LMS corresponding to requirements of the scenario. In addition, 
necessary time for selecting LMS is reduced by using JULY. 

This means that comparing all together five pseudo LMS is too difficult. When 
examinees do not use JULY, requirements are complexly intertwined with related 
factors such as fondness, speculation and comprehension for LMS. However, if 
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examinees use JULY, there are only two comparative requirement statements at a 
time. They were able to assess many requirement statements efficiently in a short 
time. In addition, requirement statements are easy to understand for examinees due to 
using QFD. This means that the “Requirements- Function” tables were created 
appropriately. 

8   Conclusion 

There are a lot of existing LMS including commercial LMS or open-sourced LMS. 
Even if we specialized in accessible LMS when we introduce LMS, it is still difficult 
to make a decision about necessary function by recognizing all functions of each 
LMS. It is exceedingly difficult to compare a lot of functions all together, and to 
implement coherent estimate if knowledge and the standard are not clear. In addition, 
selecting LMS takes a lot time.  

To make up for the shortfall in human resources, this research proposed a framework 
consisting of adding QFD to AHP. This framework allowed recommendation of LMS 
based on priority of user’s requirements about LMS.  Utilizing either AHP or QFD is 
not enough to satisfy the staffing shortage for introducing the LMS representing the e-
Learning system as described in section one. In this framework, the multicriteria 
decision making method AHP is available to non-professionals of information 
technology themselves, through providing non-technical terms for them, and by using 
the customer-oriented method QFD. The fusion of these methods was effective, and 
utilizing this framework will be contributory to solving the staffing shortage for 
introducing the e-Learning system in Japan. 
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