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Abstract  
Two of the fundamental sources of data for requirement gathering for system upgradation are 
usage monitoring data and feedback data. Work has been done to acquire both individually and 
collectively. This work aims at validating the existing methods for combining feedback and 
monitoring data on a large scale and taking it a step further by developing a recommender 
system for requirement elicitation and prioritization. We have developed prototypes for data 
gathering agents built in JavaScript and connected to our server through REST APIs so that we 
don’t affect the original code base of deployed applications. Once done with testing locally we 
will take it to production and proceed further. Validation will be done on SAKAI learning 
management system implementations in educational institutions. The software requirements 
prioritization process will be evaluated before and after applying the recommender system. 
Causal-comparative/quasi experimental research method will be used to evaluate the system 
developed. 
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1. Introduction 

Software evolves and adapts continually according to the user’s ever-changing requirements. 
Requirements are elicited from the stakeholders continuously so that their needs concerning the 
particular software are met [1]. A record is maintained for violations of requirements [2], and a process 
to take action according to evolving requirements is incorporated [3]. Traditionally the elicitation 
process includes stakeholder interviews, user workshops, product prototyping. These processes can 
conveniently be managed in an organizational setting. However, they are challenging to manage in a 
modern context where a globally distributed audience is using the application. Frequent requirements 
elicitation and validation is the main challenge [4]. Existing methods of requirements engineering 
include crowd requirements engineering [12] and automatic classification of apps [13]. An efficient and 
scalable approach is needed to address this challenge of requirement elicitations from such a remote 
and diverse audience. Analytical reading of logs and application of data mining processes makes it 
convenient for the development teams to comprehend user feedback.  

 
Monitoring and Feedback data collection frameworks are developed with a goal of continuous 

improvement in requirement elicitation. Such systems have components related to acquisition and 
storage of data. Further enhancement is made to these components by incorporating a methodology 
where monitoring data will further be aggregated using matrices along with runtime feedback in order 
to enable clustering and grouping of feedback statistics. This improves the quality of information 
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presented to the requirements engineer, enhancing the elicitation process. Furthermore to enhance the 
prioritization process there is a need to develop a recommender system. 

 

2. Problem 

Frameworks developed for continuous requirements elicitation through combining both usage 
monitoring and user feedback have been tested on a limited data where data set was small and 
fragmented. We want to draw conclusion on quantitative benefits of using the above mentioned 
approach based on a sizable data set. Components for storing and combining data need to be developed, 
incorporating advance aggregation and clustering techniques. Based on the results gathered from this 
clustering and aggregations new requirements should be elicited and prioritized. There is a need for 
developing a recommender system that prioritizes requirements based on combination of user feedback 
and monitoring data.      

3. Relevance 

Literature review identifies that internal sources for user feedback, tools should be implemented to 
automate user feedback processing; third, user feedback to requirements should be related through 
reference points; requirements validation for user feedback should be enhanced along with establishing 
developer–user communication [14]. Data driven approach towards requirement engineering has also 
been presented [15]. 

 
Several researchers have advocated the usage of monitoring data alongside feedback data as a way 

of eliciting new requirements. As an example, in order to facilitate elicitation process there are 
approaches [5], [6] that use a combination of monitoring and feedback data like examining both user 
submitted forms and data gathered from logs. The challenge faced in this approach was that the data 
from those users who didn’t submit a feedback could not be included. So it was hard to provide exact 
Number of users facing a particular issue. 

 
In contrast, a method [7] used logs from entire user base and used data science methods to assess 

actual user behavior, resulting in more requirements. The authors purposed that monitoring information 
gathered through this process can be used in combination with feedback leading to a refined and well 
prioritized requirement set. The implementation of this idea was left for future work. 

 
Few solutions exist that use monitoring and feedback data together for other purposes. QoE probe 

[8] is its example. It’s a mobile app that capitalizes on monitoring and feedback data for verification 
and validation of requirements. 

 
Probe requests feedback from time to time and continuously aligns it with system logs. Usage data 

is recorded with timestamps. It’s recorded when a feature usage started and how long it ended and how 
the user interacted with the system. Whenever an interaction is completed user is presented with a 
dialogue box to provide feedback. This gives a thorough insight about user acceptance level and how 
much they resonance with user needs. This comprises of feedback and monitoring data but lacks 
analysis component [8]. 

 
MyExperience [9] is a similar tool combining monitoring and feedback data. This system facilitates 

studies regarding human health as health metrics are populated through IOT devices and directly took 
feedback about how they felt. The concepts presented in this work haven’t been technically 
implemented. 

 
FAME framework was presented, with an objective to facilitate requirement engineers in collecting 

and analyzing the monitoring and feedback data together with respect to a software system. User 
feedback is provided by end users using feedback modules while the real time events are monitored 



through monitoring agents in the host application that are then sent to a data lake. Data from all sources 
is combined through ontology. The requirement engineer is presented the combined data used to elicit 
requirements [10]. In this work data pre-processing and incorporation of data storage and clustering and 
aggregation of feedback and monitoring data is left as future work. It also lacked grouping of feedback 
and monitoring data and calculating metrics rather than just recording run time events. 

 
An effort has been made to let the system elicit user requirements on its own by using monitors that 

detect certain situations occurring while system use. On such occurrences a system generated request 
is sent. Feedback is then correlated to monitoring data at that instant. This was implemented in a smart 
city project and positive results were achieved by combing real time monitoring with preemptive 
feedback mechanisms. The techniques implemented showed enhancement in the requirement elicitation 
process and improved the end-user experience [11]. This paper lacked the statistical significance and 
the study was specific to IOT systems. 

 
A systematic literature review done in 2020 concludes that more machine learning and repository-

mining based research for requirement prioritization is needed, there is a need for addressing match 
between software project contextual settings and methods, it is required to evaluate and compare 
requirement prioritization methods in real-world [16]. 

 
The review of literature done above establishes the interest in eliciting requirements from feedback 

and monitoring data. Validating the frameworks presented in the literature on a sizable dataset and using 
advanced techniques for clustering and aggregation is a future work consideration [10] as indicated in 
the above mentioned literature. 

 
A need for a requirement prioritization recommender system that combines user feedback and usage 

monitoring data is established from literature. 
 

4. Novelty 

We will be testing the combined effect of utilizing both feedback and monitoring data onto a large 
real-time user base. We will be taking the data through tools that would not affect the original code base 
and will work as an extension. We would be developing a recommendation system that prioritizes 
software requirements gathered through the combination of user feedback and usage monitoring data.  

 

5. Research Method 

A detailed literature review was done to establish the relevance of research. Search terms used were: 
user feedback data, usage monitoring, combination of usage monitoring and user feedback data, and 
recommendation system for requirement prioritization, upon literature review it was established that 
there is a need for a recommendation system that prioritizes software requirements gathered through 
the combination of user feedback and usage monitoring data. The validation has to be done in real-time 
production environment.   

Following steps will be performed for developing the above mentioned system 
 
Step 1: Shortlisting feedback and monitoring metrics 
 
Step 2: Collection of feedback and monitoring data 
 
Step 3: Preprocessing of feedback and monitoring data 
 
Step 4: Clustering and aggregation on feedback and monitoring data 
 



Step 5: Eliciting and prioritizing requirements based on the processed data 
 
Step 6: Quantitative and qualitative comparison of elicitation process prior and after applying the 

framework 
 
If step 6 is successful, we will perform correlation analysis that includes data reduction and 

correlation coefficient calculation. Then we will develop a recommender system using correlation based 
collaborative filtering and similarity score calculations. We should be getting elicited and prioritized 
requirements as an output. This framework will be validated on SAKAI learning management system 
implemented in universities.  

By far we have shortlisted feedback and monitoring metrics. We have developed agents to monitor 
following metrics: 

 
• Active users in a given period 
• Sessions per active users 
• Time spent on a feature 
• Activity abandonment 
• Activity completion 
• Crash instances 
• Bug reporting 
• Feedback provision 

 
Initially these metrics will be applied to evaluate following modules of SAKAI 

 
• Announcements portal 
• Assignments portal 
• Academic and social alerts 
• Calendar and scheduling 
• Feedback Area 
• Forums 
• Gradebook Management 
• Lessons Management 
• Syllabus Management 
• Tests & Quizzes 

 
 
Causal-comparative/quasi experimental research method will be used to evaluate the system 

developed. We will evaluate the requirement prioritization process before and after implementation of 
the recommender system. 

 
We will apply the recommender system to the SAKAI learning management system in three 

universities in Pakistan. The end users are thousands in number. We will collect data regarding software 
prioritization before and after implementation of the system from the system developers and we will 
analyze the data collected through the system. Usage data will be collected before and after taking 
feedback and monitoring data will be collected to access how usage was effected after prioritization 
through our recommender system.  

 
By far we have developed an understanding around SAKAI architecture and deployment and we 

have reached a conclusion that we will be adding our agents to the front end of the application on 
through JavaScript code and will link this code to our server through REST APIs. We have developed 
the basis for collecting monitoring data. This will give us scalability and the code base of the production 
application won’t be disturbed. We have developed a prototype of relevant JavaScript code and REST 
APIs and currently we are in process of integration with different modules of the SAKAI application. 
Once locally tested we will get these agents installed in production.   



6. Progress 

This project timeline indicates current progress and future plan for this research 
 
Start of PhD Research work January 2020  
 
January 2020-January 2021  
• Selecting the domain  
• Background Study & research topic selection  
• Literature Review- State of the Art  
• Defining the Problem Statement  
• Proposing a methodology  
• Implementation of environment setup for data collection  
• Synopsis Document  

  
February 2021-June 2021  
• (Tool Development) 
• Designing scenarios for data collection  
• Executing scenarios for data collection   
• Data Preprocessing  

 
July 2021-December 2021  
• Formulation of Controlled Experiment   
• Checking Insights  
• Results Analysis  

  
January 2022-June 2022  
• Post validation Survey  
• Evaluation  
• Extended Literature Review   
• Compilation of Thesis  
• Final Defense  
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